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ABSTRACT

The geomorphology of the Mariana Trench, the deepest ocean trench on the Earth, has a
complex character: its transverse profile is asymmetric, the slopes are higher on the side of
the Mariana island arc. The shape of the Mariana Trench is a strongly elongated, arched in
plan and lesser rectilinear depression. The slopes of the trench are dissected by deep
underwater canyons with various narrow steps on the slopes of various shapes and sizes,
caused by active tectonic and sedimentation processes. Understanding of factors that may
affect the shape of the geomorphology of such complex structure requires advanced methods
of numerical computing. Current research is focused on the analysis of the geomorphology of
the Mariana Trench by application of statistical libraries embedded in Python and R
programming languages for the data analysis. Workflow algorithms include processing a data
set by analysis, computing and visual plotting of the graphs. The research aims is to
understand the environmental interactions affecting submarine geomorphology of the
Mariana Trench by statistical data analysis. Technically, used algorithms included libraries of
Python (Seaborn, Matplotlib, Pandas, SciPy and NumPy) and libraries of R ({hexbin}, {ggally},
{agplot2}). Technically, following types of the statistical analysis were tested for computing
and plotting: correlograms, histograms, strip plots, ridgeline plots and hexagonal diagrams
for the bathymetric and geomorphic analysis. Python, being a high-level language, shown
more straightforward approach for the statistical data analysis, while R implies more power
in the data visualization. The results of the geospatial data modelling show detected
correlation between various factors (geology, bathymetry, tectonics) affecting submarine
geomorphology that reveal unevenness in its structure. Both programming languages
demonstrated significant functionality for the spatial data analysis. The effective and
accurate geospatial data visualization demonstrated by Python and R proves high potential
of their application in the geomorphological studies.

© 2019 Jeomorfoloji Dernegi. Tum haklari saklidir. ALl rights reserved.

INTRODUCTION

The study area is focused on the Mariana
Trench, the deepest ocean hadal trench on
the Earth is located in the west Pacific
Ocean. Its geometric shape presents a

strongly elongated, arched in plan and
lesser rectilinear depression approximating
a form of the arc with a modeled center
located at 140°E 18°N (Figure 1).
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Geometric shape and location of the Mariana Trench. Bathymetry: 1 arc min ETOPO1 Global Relief Model
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Figure 1. Geographic location and geometric approximated arc form of the Mariana Trench

The transverse profile of the Mariana
Trench is asymmetric: the slope is higher
on the side of the Mariana island arc. The
slopes of the trench are dissected by deep
underwater canyons. Various narrow steps
are also often found on the slopes of the
trench. On the longitudinal profiles of the
bottom of the Mariana there are many
deep-water detected transverse steps and
thresholds connected by the movements of
the earth's crust along transverse faults
(Zhou et al., 2015). These thresholds can
play important role in the evolution of the
deep-water trough, for example, to control
the intensity of its filling by sedimental
precipitation. In this process very
important are the streams of the

precipitation moving along the bottom
from the part of the trough which is closer
to the continent (Taira et al,, 2004). At the
bottom of the trough there is a transverse
threshold, which can present kind of a
dam, in front of which there s
accumulation of a thick layer of sediment
precipitation.

Bathymetry of the Mariana Trench has a
complex character and includes a system
of cracks. This includes a complicated set
of steps of various shapes and sizes,
caused by active tectonic and sedimental
processes. The steepness of its geomorphic
depth averages in 4-5 degrees, but its
individual parts can be limited to steeper
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slopes as subjects to the gravitational flow
system of the submarine canyons and
valleys  (Kawabe, 1993).  Complex
distribution of the various geomorphic
materials on the adjacent abyssal plains of
the ocean contributes to the formation of
the geomorphic features of the particular
region of the Mariana Trench.

A special focus in this study was laid on
the analysis of the geomorphology of the
Mariana Trench including the steepness
angle of the slopes of the bathymetric
cross section profiles. The seafloor
bathymetry of the Mariana Trench varies
significantly seaward of the trench axis.
The Caroline Ridge is located near and off
the trench axis at distance of about O-
250km. A prominent trench-parallel belt of
seamounts  with  trench-perpendicular
width of about 250 km, is located not far
than 1350km (Figure 2, A). Another

Map: Submarine geomorphology of the Mariana Trench, Pacific Ocean.
" Distribution of the seamounts, ophiolite areas and fault lines.
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prominent group of wide seamounts,
intersects the trench at distance of 1600-
2000km (Zhang et al 2014). The effects of
the volcanism on the biological
communities were recently demonstrated
by Kitahashi et al (2014), who proved the
relationship earthquake events and the
assemblage structures. Because rapid
sedimentation was induced by the turbidity
currents, the organic matter content
increased in the topmost layers which
indicate that disturbances to deep-sea
sediments affects vertical distribution
structure of meiofauna in the trenches. The
complex character of the geomorphology
of the Mariana Trench deserves constant
attention of the scientific world (Chadwick
et al, 2018; Curtis & Moyer, 2005;
Faccenna et al., 2018; Fujioka et al, 2002;
Theberge, 2008; Tian et al 2018.
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Figure 2. Geologic settings of the Mariana Trench: seamounts, faults, ophiolites (A); tectonic plates (B)

The  structure of the  submarine
geomorphology of the hadal trenches is a
complex interplay of various processes.
Multiple factors affect the geometry of the
hadal trench: plate tectonic movements,
sediment thickness, ocean  streams
determine the local geomorphological
conditions that strongly depend on the
sediment deposition processes. Besides,
the submarine geologic erosion occurring
within the main channel of the trench and

the adjusting slope areas, plays an
important  role in  sculpting the
geomorphology of the deep hadal
trenches. Due to their physical
inaccessibility, the ocean hadal trenches
are very distinct from other objects on the
Earth. Two methods available to study
such unreachable areas include first,
remote sensing echo-sounding approach,
and second, a computer-based modeling.
Since the first method is significantly more
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resource- and cost-intensive, this paper
presents the second one, that is, computer
assisted data analysis and modeling.

Strong  topographical isolation and
complex mix of different water masses
distinct hadal trenches from other ocean
regions. The difficulties to understand the
deep-sea hadal life and habitats hadal
zone (6,000-11,000m) that represents the
last great frontier in marine science are
caused by the remote location of such
study object as ocean trenches. Given the
above-mentioned difficulties in studies of
marine geomorphology, the advanced
methods of the statistical analysis were
applied for computing correlation matrices
of factors affecting the geomorphic
structure of the Mariana Trench using
methods discussed below.

The novelty of this research consists in the
multi-disciplinary approach of this work
that combines methods of the statistical
analysis and computing with mapping and
spatial analysis of the geomorphology and
marine geology of the study area. The
main aim of the work is to statistically
visualize and compute various factors that
influence submarine geomorphic shapes
causing variability, environmental triggers
and interplay between them: geology,
bathymetry, tectonics, oceanography.

MATERIAL AND METHOD

The work  methodology aims at
understanding the geological factors
affecting the geomorphology of the
Mariana Trench by means of the numerical
computing and plotting correlograms. The
statistical analysis was based on Python
and R libraries using existing algorithms
and methods of the machine-based data
analysis (Cielen & Meysman, 2016;
Halterman, 2011; Harrington, 2015; R
Development Core Team, 2014).

The methodology of the research in both
hadal and riverine geomorphology is
traditionally being supported by the GIS
software, mainly in the geological
modeling and investigations. Thus, the
geomorphic studies of the hydrological
effects on the sites location often use GIS
modeling and digital terrain analysis for
geospatial analysis (Berger, 2011). Various
examples of the geomorphological
analysis of the landforms by spatial data
analysis using GIS include application of
satellite imagery, topographic and land
cover maps using ESRI ArcGIS, Google
EarthView plugin for QGIS and algorithms
of the remote sensing data processing
(Bertoldi et al, 2015; Arrospide et al, 2018;
Bechter et al, 2018; Marchese et al, 2017;
Hudson et al, 2008).

The visual schematically mind map
summarizing the approaches, tools and
methods of the work is given on Figure 3.

The initial map of study area (Figure 1) was
done using Generic Mapping Tools using
available documentation (Wessel et al,
2017; Wessel & Smith 1995). Digitizing
profiles and retrieving information about
the geomorphic structure of the Mariana
Trench was done using QuantumGlsS.
Further geostatistical approaches and
methods were performed by R and Python
programming languages. The initial
geodata were extracted from the QGIS
project as cross-section  bathymetric
profiles drawn across the trench with a
length of 1000 km (Figure 4). The profiles
cross four tectonic plates: Mariana,
Caroline, Pacific and Philippine Sea (Figure
2, B).

The initial statistical data analysis in data
distribution was visualized by ridge line
plots (Figure 5) showing distribution of
depths by profiles and observation points
by tectonic plates. The attribute data set
was derived from the QGIS vector layers:




Jeomorfolojik Arastirmalar Dergisi /Journal of Geomorphological Researches, 2019 (3): 1-16

tectonics, bathymetry, geomorphology and

geology. These include cross-section
profiles having data from various vector
GIS layers: bathymetry, coordinates,

bathymetry, geology, tectonics, ophiolites,
seamounts, igneous volcanic zones: Figure
2 and Figure 6.

The information was derived in the QGIS
project from the attribute tables of the
points where profiles crossed the layers.
Then the table was stored in .csv format
for further statistical processing by R and
Python libraries.

Machine Overlays
Learning Digitizing Data
Plotting & Data Grouping
Visualizing Modeling
Geology, Geospatial
Tectonics Statistics
Graphics STATISTICAL SPATIAL
Diagrams ANALYSIS ANALYSIS
SQL
Queries,
Data
Sorting
Algorithms
Approach Vector
Methodology Gel‘":‘e“y'
: . nter-
. Project Mindmap section
"Mariana Trench’
Seafloor
Pandas bathymetry
ETOPO1
NumPy, R & PYTHON R: MAPPING Global
SciPy LIBRARIES {ggplot2} GMT, QGIS Relief
Model
Python Raster
. R: Plugins, Grids,
Lo {hexbin} GMT Vector
scripts Projections Layers
R: {gally} UTM
Polyconical

Figure 3. Mind map of the project: methods, concepts, approaches and tools. Plotting: LaTeX.

Figure 4. Location of the cross-sectioning track profiles.

id ELEV y x (2) id EEV y x
1| -5600.00000 | 11.6865489.. 142.301602.. 1 1| -5600.00000 | 1298935.110... -26206.547...
1 -5500.00000 11.6899884.. 142.300652.. 2 1 -5600.00000 1200092.63.. 19567.2841...
1 -5550.00000 11.688270711 14230M271.. 3 1 -5550.00000 1300522.04.. -26941.454..
1 -3550.00000 11786277489 14227406797 4 1 -5550.00000 1198562.77.. 20275.7662..
1 -3500.00000 11793165119 142.272166.. & 1 -5500.00000 1302266.32.. -27744.136..
1 -3750.00000 11.77164908.. 142.278106.. 6 1 -5500.00000 1196015.207... 21455.5337...
1 -3700.00000 11774976628 142.277188.. 7 1 -4800.00000 1539336.22.. -137536.012...
1 -3650.00000 1177820293 142276272.. 8 1 -4850.00000 1692725.95.. -208570.60...
1 -3600.00000 11.78149818.. 14227538761 9 1 -4850.00000 1685558.66.. -205251.44..
1 -3850.00000 11.7648567.. 142.279982.. 10 1 -4850.00000 1685477.52.. -205213.86...
1 -3800.00000 11.76828561.. 142.279035.. 1 1 -4850.00000 1673425.60.. -199632.63..
1 -5150.00000 11.7025067.. 142.207196.. 12 1 -4850.00000 1542174.816.. -138850.55...
1 -5100.00000 11.70431762.. 142.206696.. 13 1 -4850.00000 1710922.64.. -216997.471..
1 -5050.00000 11.70611694.. 142.206199.. 14 1 -4800.00000 1683328.85.. -204218.82...
1 -5000.00000 11.7079048.. 142.205706.. 16 1 -4800.00000 1674772.27.. -200256.27..
1 -4950.00000 11.70968153.. 142.295215.. 16 1 -5000.00000 1701116.594... -212456.301...



Jeomorfolojik Arastirmalar Dergisi / Journal of Geomorphological Researches, 2019 (3): 1-16

Mariana Trench
Ridgeline Plot on Bathymetry: Density Distribution of Depth Observation Points
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Figure 5. Visualization of the data distribution by bathymetric profiles (left); data distribution by geology and

tectonic plates (right) by {ggridges} library.

Large igneous provinces and volcanic hot spots around Mariana Trench, west Pacific Ocean
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Figure 6. Map of location of the large igneous provinces and volcanos in the study area.

2.1. Hexagonal plots for modelling
bathymetric data range

Plotting hexagonal plot was performed
using R language using specially designed
library {hexbin}. This plot aims to show
how the bathymetric data are distributed
by the profiles in terms of frequency.
Specifically, it shows how often the values

are being repeated by profiles. Hexagonal,
or 'hexbin’, plots (Figure 7) serve as a
useful alternative to scatter plots, because
the bathymetric data in the current data
set are too dense (518 observation points
by 25 profiles make 12,950 points all
together). Therefore, plotting each point
individually in this case is not effective: the
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data would be indistinguishable on the
graph. The R {hexbin} library demonstrates
generated hexagonal binning plot of the
range of depth’s values in Mariana Trench
by 25 profiles.

The explanation of the Figure 7 is as
follows. The X axe shows profiles from 1 to
25. The Y axe shows recorded depth values
(in meters) in observation points by
profiles. The colors show the frequency of
the depth distribution by observation
points in profiles. Thus, there are 3
gradations of the data distribution by
repeatability:  “hundreds” (very often
recorded values, i.e. there are hundreds of
points with such depths), “tens” (moderate
frequency), and “ones” (very rare values).
The frequency is colored in magenta, cyan
and blue, respectively. The frequency of
the data repetition across the trench, can
be read as such: for example, “Ones”
(colored blue) are the rarest, i.e. the least
frequent recorded depth values. One can
see that the profiles 21, 22 and 23 have
the deepest values are the rarest in the
trench. The cyan-colored “Tens” values

@ R File Edit Format Workspace Packages & Data Misc Quartz Window Help

@®*-

Il

; @ illl CJ

~/Documents/R/03_SCRIPTS QQ

v

> plot(bin, style = "nested.lattice")
>
> hbi <- hexbin(y ~ x, xbins = 80, IDs= TRUE)
> str(hbi)
Formal class 'hexbin' [package "hexbin"] with 16 slots
..@ cell : int [1:1243] 68 148 230 310 392 472 554 634 716 719 ...
..@count : int [1:1243] 4446444644 ..
..@ xem  :onum [1:1243] 21 21 21 21 2121 21 21 21 22
..@ yem @ num [1:1243] -10575 -10475 -10375 -10250 10125
..@ xbins : num 80
..@ shape : num 1
..@ xbnds : num [1:2] 1 25
..@ ybnds : num [1:2] -10600 @
..@ dimen : num [1:2] 94 81
..en : int 12937
..@ ncells: int 1243
..@ call : 1unguuge hexbin(x = y ~ x, xbins = 80, IDs = TRUE)
.. xlab : chr "x"
.. ylab : chr "y"
..8 cID : int [1:12950] 6319 6319 6319 6319 3727 3727 3646 3646 3646 3646 ...
..@ cAtt : int(@)
> tI <- table(hbi@cID)
> stopifnot(names(tI) == hbi€cell,
+ tI == hbi@count)
> x[runif(6, @, length(x))] <- NA
> y[runif(7, @, length(y))] <- NA
> hbN <- hexbin(x,y)
> summary(hbN)
'hexbin' object from call: hexbin(x = x, y = y)
n = 12924 points in nc = 491 hexagon cells in grid dimensions 36 by 31
cell count xcm cm

Min. : 26.0 Min. : 1.00 Min. : 1.00 Min. :-10500
1st Qu.: 500.5 1st Qu.: 12.00 1st Qu.: 7.00 1st Qu.: -5747
Median : 652.0 Median : 21.00 Median :13.00 Median : -4200
Mean : 640.5 Mean : 26.32 Mean :13.18 Mean : -4439
3rd Qu.: 803.5 3rd Qu.: 37.50 3rd Qu.:20.00 3rd Qu.: -2924
Max. :1097.0 Max. :105.00  Max. :25.00 Max. 0
>

Figure 7. Hexagonal
density is colored (turquoise, blue, magenta).

-2000

-4000

-6000

-8000

-10000

(that is, moderately often recorded depths)
correspond to the major depth range
(-3,000 to -5,000 meters). Finally,
“Hundreds” (colored magenta) are the most
frequent depth values that are the most
often repeated depths. The thickness of the
line of each hexagonal bin (1, 3, 5, 7 and 9)
by each of the 3 categories shows the
frequency within the group (Figure 7).

2.2. Histograms of the bathymetric data
distribution by tectonic plates

Since Mariana Trench crosses 4 tectonic
plates - Mariana, Pacific, Philippine and
Caroline (Figure 2, B), the data set
contained environmental variables
separately for these plates that should be
analyzed. This required merging the
columns into one category: ‘tectonic
plates’. Therefore, the columns with the
plate names were melted into one class
using the Python code. Now the analysis of
the bathymetric data divided and classified
by four tectonic plates (Pacific, Philippine
Sea, Caroline and Mariana) became
possible. The data was then read in again
to the Python and processed as such.

D 3 @ F ¢ 100%G3 wg Thu8dd Q

Quartz 2 [*]

ds

13579

13579

13579

plots showing distribution of depths by bathymetric cross-secting profiles. The values
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Mariana Trench: histograms of the data distribution across 4 tectonic plates

0.0035 A 1 .

0.0030 -

ations

0.0025 -

0.0020 -

0.0015 -

stribution of observ

0.0010 -

y di

Densit:

20.0005 4

0.0000 T T T r T r
100 200 300 400 500 600
Mariana Plate observations

-200 -100 0

0.0025

®

©0.0020

vation:

erv

0.0015 -

0.0010 -

Density distribution ot obs

0.0005 -

0.0000

200 400 600 800
Philippine Plate observations

-200 0

0.14

S
1<
s

Density distribution of observations

o
o
[N]

o
o
=]

S
-
N

=}
=
o

=4
o
®

o
o
-3

2,

0 10 20 30 40 50 60
Caroline Plate observations

0.005

vations

0.004

0.003 -

ibution of obser

0.002

Density distr

0.001

0.000

-200 -100 0

100 200 300 400 500
Pacific Plate observations

600

Figure 8. The histograms of the data frequency distribution: bathymetry by 4 tectonic plates.

The histograms show the underlying
frequency distribution of a submarine
topography of the Mariana Trench (Figure
8). It allows the inspection of the data for
the type of distribution that in this case is
normal distribution, as well as outliers,
skewness. The data are distributed and
colored by tectonic plates: Mariana,
Caroline, Pacific and Philippine Plates. The
histograms of the data distribution across
tectonic plates (Figure 8) states that
among tested tectonic plates the Caroline
Plate shows the least data distribution,
which could explain the lower values of
the correlation between the data in this
particular plate comparing to the
Philippine Sea, Mariana and Pacific plates.

2.3. Strip plots showing geological data
distribution by four tectonic plates

The next step included visualizing strip
plot showing the relationship between the
geologic factors (sediment thickness) and

geomorphology  (slope  angles) as
compared by four tectonic plates crossing
Mariana Trench. The strip plots visualize
categorical data analysis across four
tectonics plates. Mariana, Caroline, Pacific
and Philippine Sea. The particularity of the
scatter strip plots (stripplot()) (Figure 9) lies
in its nature: this is a categorical types of
plot showing variable dependance
(maximal depths values by each profile)
upon another variable, i.e. tectonic plates.

It represents the depth values by
bathymetric profiles sorted along each of
the tectonic plates crossing the trench. On
the above plot, one can see the difference
on data distribution: the Caroline Plates
has just only several points, since it crosses
the trench in the south-western small part
of the trench. Pacific and Mariana plates
are relatively comparable, while Philippine
Plate covers the majority of the data.
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@ IDLE File Edit Shell Debug Options Window Help

ece Python 3.7.2 Shell
Python 3.7.2 (v3.7.2:9a3ffc0492, Dec 24 2018, 02:59:38)
[GCC 4.2.1 (Apple Inc. build 5666) (dot 3)] on darwin : . i
o Tl I Iy T i Strip plots for the max depth values: Mariana Trench bathymetry
>>> 08.chdir(’ /Users/paul ine/Documents/Python’) ° -
>>> 0s.getcwd() 500 Bathymetric
Users/paul ine/Documents/Python’ Profiles:
>> numpy np \ L]
>> pandas s pd . . o 1 14
>> dfD = pd.read_csv("Tab-Depth )
>> dfM = pd.read_csv("Tab v ° e 2 15
>>> dfT = pd.read_csv("Tab-T ) 400 ] . e 3 16
> print(dfD.head(5))
observ profilel tectonicsl tectonics24 profile2S tectonics2s e 4 17
o 1650.0 Ph Ph -4950.0 Ph °
1 2 -1650.0 Ph Ph -5050.0 Ph e 5 18
2 3 -1600.0 Ph Ph  -5050.0 Ph
3 4 16000 h Ph 43000 o 300 o 6 19
4 s -5300.0 Ph Ph o -4300.0 Ph & o 7o 20
s .
[S rows x 51 coluans) = A « 8e 21
>>> print(efi.becd(s)) < o
file M Q 200 ‘. 9e 22
10e 23
L3
- 11e 24
L]
100 . 12¢ 25
¢ . 13
L]
onicsl profile2S tectonics2S t925 ‘
° 1650.0 Ph 4950.0 Ph 7215 ° L) L
TE B R 0 o o
3 4 -1600.0 Ph 4300.0 Ph
4 s -5300.0 Ph 4300.0 oh . . .
plate_phill plate_pacif plate_maria plate_carol
(5 rows x 76 columns) Plates

Ln: 40 Col: 4

Figure 9. Processing data table by Python Pandas library (left); categorical strip plot showing variations of the
bathymetry by four tectonic plates (right).

2.4, Correlograms done using NumPy and Pandas objects
read in as tables and imported by the
Seaborn library. The correlograms show
the correlation between the factors
affecting the Mariana Trench based on the
relationships of the values.

The associated names of the
environmental variables (e.g. slope angles,
sediment thickness, maximal, minimal and
mean depths) shown on the correlograms
(Figure 10 and Figure 11) were annotated
on the axes, because the matrices were

Mariana Trench Kendall correlatlon for the env1ronmental factors
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Figure 10. Correlogram matrix of the environmental data affecting Mariana Trench geomorphology, computed
by Kendall method.
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The external factors potentially affect
specific geomorphic features include the
following:  tectonics, geology and
bathymetry of the study area. The
effectiveness of the correlograms lies in its
properties: the diagonal shows the
distribution of each of the environmental
variables by a representative square plot
which helps to analyze the relationship
between the pairs of numerical variables
within a matrix. The data were processed
using NumPy, Pandas, Matplotlib and
Seaborn libraries by Python code
presented in the following listing in 6
steps:

# Step 1: loading Python libraries
from string import ascii_letters

import numpy as np
import pandas as pd
import seaborn as sb
from matplotlib import pyplot as plt

# Step 2: Importing data

import os
os.chdir('/Users/pauline/Documents/Python
)

sb.set(style="white")

df = pd.read_csv("Tab-Morph.csv")

# Step 3: Computing correlograms

corr = df.corr(method="kendall) # for
Kendall correlogram

corr = df.corr(method="spearman’) # for
Spearman correlogram

f, ax = plt.subplots(figsize=(11, 9))
cmap="RdYLBu" # for Kendall correlogram

# Step 4: Selecting palettes

pal = sb.color_palette("RdGy_r") # for
Spearman correlogram reversed color
palette

cmap=pal # for Spearman correlogram

# Step 5: Drawing the correlogram
heatmap

sb.heatmap(corr, cmap=cmap, vmax=0.3,
center=0, annot=True,
annot_kws={"size":8},

square=True, linewidths=.05,
linecolor='grey’,

cbar=True, mask=False, cbar_kws={"shrink":

S5})

# Step 6: Adding titles, adjusting subplots
and labelling x/y ticks

plt.title('Mariana Trench: Spearman
correlation for the environmental factors’,
fontsize=13, fontfamily='serif")
plt.subplots_adjust(bottom=0.20,top=0.90,
right=0.90, left=0.10)
plt.xticks(rotation=30, size=9)
plt.yticks(rotation=0, size=9)

plt.show()

The correlation between each pair of
variable is visualize through a numerical
symbols and highlighted by colors. The use
of both Spearman and Kendall correlation
techniques is widely used for exploratory
analysis to observe a matrix. In this sense,
it may be observed (Figure 10 and Figure
11) that to some degree the interplay
between various tested environmental
factors has a state of intercorrelation
which is characteristic of  the
interdependencies between the factors:
geology, oceanography, tectonics and
bathymetry that affects the environmental
dynamics and geomorphic structure of the
trench as a whole. Thereby can be
concluded that the environmental linkages
exist between these particular factors
presented on the correlograms (Figure 10
and Figure 11) highlight a significant level
of dependence between the individuals
variables, such as bathymetry (maximal
and minimal depths), geography (location
of the observation points), tectonics and
geology (crossing four tectonic plates:
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Mariana, Caroline, Pacific and Philippine

Sea). The

correlogram

ellipses and

numerical correlograms (Figure 12 and

Figure 13,

respectively) were plotted to

visualize correlation between the factors

affecting the morphology of the trench.

The methodological approach includes
calling and executing algorithm of ellipse
correlogram  {ellipse} library by R

programming language.

Mariana Trench: Spearman correlation for the environmental factors
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Figure 11. Correlogram of the environmental data affecting Mariana Trench geomorphology, computed by

Spearman method.

The R code used to plot correlation
ellipses is as follows:

data=cor(MDF)

#step-1Build a Panel of colors by Rcolor

Brewer

my_colors <- brewer.pal(5, Spectral)
my_colors=colorRampPalette(my_colors)(1

00)

#step-2. Order the correlation matrix, to
distribute colours by the factors of the

values

11

ord <- order(data[1, ])
data_ord = data[ord, ord]

#step-3. variant-1, correlation ellipses:
plotcorr(data_ord,
col=my_colors[data_ord*50+50],
mar=c(1,1,1,1),
outline = TRUE, numbers = FALSE,
main = 'Mariana Trench: Correlation

Ellipses’,

xlab = '‘Geomorphological, bathymetric and
geological factors/,
ylab = '‘Geomorphological, bathymetric and
geological factors’, cex.lab = 0.7)
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#step-4. variant-3, numerical correlation:
plotcorr(data_ord,
col=my_colors[data_ord*50+50],
mar=c(1,1,1,1), outline = TRUE, numbers =
TRUE,

main = 'Mariana Trench: Numerical
Correlation’,

xlab = '‘Geomorphological, bathymetric and
geological factors’,

ylab = '‘Geomorphological, bathymetric and

Another way of the correlation data
analysis is presented by scatterplot
combined matrix that enables to visualize
several approaches on one matrix (Figure
14): scatter plots, box plots with residuals,
margin plots and surface plots. The
scatterplot matrix was done using R
language. The scatterplot matrix is plotted
to visualize correlation and connections
between the environmental variables

geological factors’, cex.lab = 0.7)

Geomorphological, bathymetric and geological factors

constituting Marine Trench system.

Mariana Trench: Correlation Ellipses
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Figure 12. Correlation ellipses.
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Mariana Trench: Numerical Correlation
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Figure 13. Numerical correlograms.

RESULTS AND DISCUSSION

Studies revealed that multiple factors
affect Mariana Trench geomorphology. The
statistical analysis performed by Python
and R languages revealed that the major
depth observation points of the Mariana
Trench are located in between the -3000
and -5000 meters (Figure 7, hexagonal
plot, right). Another significant point is
that sediment thickness changes notably
both within the trench by profiles and
between four tectonic plates that Mariana
Trench crosses: Philippine, Pacific, Mariana

13

and Caroline. There is a notable decrease
of depth (Figure 5, ridge line plots) in
profiles 20, 21, 22, crossing Caroline
tectonic plate may be caused by the
changes in the geologic properties of the
tectonic plates. Profiles from Nr. 20 to 22
shows the deepest depth data range with
Nr 21 the deepest one.

Since the tectonic attribute values differ
significantly, the comparative analysis of
how the data vary across four distinctive
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tectonic plates was undertaken. As can be
seen on Figure 7 (hexagonal plot, right)
and Figure 9 (categorical strip plots
showing the distribution of data by
tectonic plates), the majority of the

observation points are located in the
Pacific and Philippine plate, following my
Mariana plate, while Caroline plate only
covers a few points.
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Scatterplot Correlation Matrix by Slope Angle Class
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Figure 14. Scatterplot matrix showing geomorphic and geological variables.
Geologic factors, such as sedimentation visualize combine information about

processes, differ by four tectonic plates
(Mariana, Pacific, Philippine and Caroline),
due to the overall complexity of the
sediment oceanological processes and
trigger factors and mechanisms.
Furthermore, the results indicate (Figure
14) that sediment sources at the Mariana
Trench are connected with trench
tectonics. The ridgeline plots (Figure 5)

14

statistical data on the 25 bathymetric
profiles: arithmetic density distribution,
mean and standard deviation along the
profiles in a facetted way. Two plots show
data distribution as depths by profiles (left)
and data density across tectonic plates:
Mariana, Philippine, Caroline and the
Philippine Sea (right). The lines extending
horizontally from the boxes indicate



Jeomorfolojik Arastirmalar Dergisi / Journal of Geomorphological Researches, 2019 (3): 1-16

variability of the trench depths distribution
across all the profiles. The ridgeline plots

were generated using {ggridges} and
{ggplot2} libraries of R.
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Figure 15. A graphical word cloud and hierarchical structure of the used algorithms representing the conceptual

scheme of the research

To schematically demonstrate the use of
various approaches, tools and ideas used,
merged, combined and applied in this
study, the attempt to visualize it as a
graphical word cloud was made (Figure
15). This research uses the statistical
approaches to analysis a large dataset
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