Pre prints.org

Article Not peer-reviewed version

Analyzing Archive Transit Multibeam
Data for Nodule Occurrences

Mark Edward Mussett , David F. Naar i , David W. Caress, Tracey A. Conrad , Alastair G.C. Graham,
Max Kaufmann, and Marcia Maia

Posted Date: 30 October 2024
doi: 10.20944/preprints202410.2351.v1

Keywords: Multibeam echosounder; Backscatter; Polymetallic nodules; Benthic habitat mapping; Angular
response

Preprints.org is a free multidisciplinary platform providing preprint service

that is dedicated to making early versions of research outputs permanently
h: available and citable. Preprints posted at Preprints.org appear in Web of
(=] Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/3845420
https://sciprofiles.com/profile/3967525
https://sciprofiles.com/profile/3972015

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 October 2024 d0i:10.20944/preprints202410.2351.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Analyzing Archive Transit Multibeam Data for
Nodule Occurrences

Mark E. Mussett 1, David F. Naar »*, David W. Caress 2, Tracey A. Conrad 3, Alastair G.C. Graham
4, Max Kaufmann 3 and Marcia Maia 5

1 University of South Florida College of Marine Science

2 Monterey Bay Aquarium Research Institute

3 Odyssey Marine Exploration

4 Cardiff University School of Earth and Environmental Sciences
5 French National Centre for Scientific Research

* Correspondence: naar@usf.edu

Abstract: We show that analyzing archived and future multibeam backscatter and bathymetry data, in tandem
with regional environmental parameters, can help identify polymetallic nodule fields in the world’s oceans.
Extensive archived multibeam transit data through remote areas of the world’s oceans are available for data
mining. New multibeam data will be made available through the Seabed 2030 Project. Uniformity of along and
across track backscatter, backscatter intensity, angular response, water depth, nearby ground-truth data, and
local slope, sedimentation rate, and seafloor age provide thresholds for discriminating areas permissive for
nodule presence. A case study of this methodology is presented using archived multibeam data from a remote
section of the South Pacific along the Foundation Seamounts between the Selkirk paleomicroplate and East
Pacific Rise that were collected in 1997 during the Hotline cruise. The 12 kHz Simrad EM12 DUAL multibeam
and the forementioned data strongly suggest a previously unknown nodule occurrence exists. Methods
include comparing analyses using three different backscatter products to further determine if scanned
backscatter products, rather than primary digital multibeam files can be used for analysis, and comparing
results from using digitized 8-bit images, or 8-bit and decibel-value surfaces derived from the MB-SystemTM
software. We show this expeditious analysis of broad areas of multibeam data could characterize benthic
habitat types efficiently in remote deep ocean areas prior to more time consuming and expensive video and
sample acquisition surveys. Additionally, utilizing software other than specialty sonar processing programs
during this research explores how multibeam data products could be interrogated by a broader range of
scientists and data users. Future mapping, video, and sampling cruises in this area would test our prediction
and investigate how far it might extend to the north and south.

Keywords: multibeam echosounder; backscatter; polymetallic nodules; benthic habitat mapping; angular
response

1. Introduction

Polymetallic nodules, also known as manganese nodules or ferromanganese (Fe-Mn) nodules,
grow out of seawater or sediment pore water around any hard nucleus on deep-sea sediments and
exist at various locations throughout the global ocean [1-5]. Individual nodules can range from <1 to
20 cm with most measuring 1-12 c¢m, and fields can cover hundreds of km? with highly variable
abundance [1,5-7]. Nodules serve as a deep-sea benthic habitat and are of economic interest owing
to their metals content, as they are often enriched in Mn, Fe, Ni, Cu, Co, Ti and rare earth elements
[1,3,5,8-23].

Existing analytical methods to identify prospective nodule areas include a review of
oceanographic, geographic, geologic, and environmental parameters, supplemented with review of
existing geological sample and seafloor photography records [14,24-37]. Principal component
analysis of sediment characteristics can be incorporated with inputs for environmental values to
facilitate mineral prospectivity mapping [26,38]. Mizell et al. (2022) note that areas conducive for
nodule occurrence generally exhibit low bathymetric relief, low to moderate sedimentation rate and
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surface productivity, water depths near or below the carbonate compensation depth, and pre-
Quaternary crustal age which typically implies the seafloor has subsided sufficiently to be below the
CCD (carbonate compensation depth), and adequate time has passed for accretion of a nodule around
a nucleus [34]. Nodule occurrences may not be contiguous within an area and often exhibit variable
abundance and predominate physical characteristics, e.g., size and shape [39].

Acoustic backscatter data can aid in identifying nodules on the seafloor [9,11,18,40-46].
Oceanographic remote sensing data including multibeam bathymetry and backscatter data can be
used to analyze prospective areas identified through initial desktop research. Previously collected,
archived multibeam data are readily available for research, and additional multibeam data can be
collected during follow up site investigations. However, the utility of using multibeam data collected
during full speed transits for identifying nodule occurrence is not often considered nor discussed in
the literature. Normally, exploratory surveys are planned with managed speed, sensor settings,
regular sound velocity profile collection, etc., and may be undertaken with hull-mounted, towed, or
AUV-mounted multibeam and side-scan systems [2,6,11,46-67].

The methodology described in this research is novel in that it further explores the use of transit
multibeam backscatter and bathymetry for identifying potential nodule presence, with subsequent
analysis of environmental parameters to evaluate whether the geographic context supports nodule
formation, following the initial (Master’s thesis) work by Mussett (2023) [68]. This research also
investigates the use of angular response diagrams derived for further classifying seafloor geology
[6,46,69-73]. Angular response diagram generation undertaken in this research is based on pixel-
value backscatter raster data. This provides an alternative to multibeam processing software methods
for angular response analysis, as it requires only a backscatter raster product, and provides analysis
based on averaged along-track pixel values rather than from a per-ping acoustic data file.

This research uses a case study based on real-time observations made during a transit where
Simrad EM12 DUAL (12 kHz) multibeam bathymetry and backscatter data were collected on the
Foundation-Hotline cruise aboard R/V Atalante, operated by IFREMER between Papeete (Tahiti) and
Easter Island (Chile) in January and February 1997 with cruise objectives to map and date the
Foundation Seamount chain up to the East Pacific Rise (EPR) [74,75]. No adjustments were made to
gain settings during transit (coauthor D.F. Naar, personal communication, 2021).

The multibeam bathymetry data were used to generate a digital terrain model. The backscatter
data were used both to generate digital surfaces via MB-System™ format identifier 76, as well as plot
paper charts at sea during the cruise, which were digitized and georeferenced during this research
[68,75,76]. The methods described herein are applicable for analyzing pixel-based outputs of
backscatter data whether they are analog paper or digital.

The data coverage area includes an approximately 125 km long swath of homogenous high
backscatter, hereafter referred to as Area A (Figure 1). Area A predominately consists of low relief
seafloor and is distal from any known recent lava flows from any nearby seafloor spreading system
or submarine volcanoes. This study analyzes multibeam bathymetry and backscatter data, auxiliary
data regarding geographic parameters, and angular response of the backscatter to investigate if the
high backscatter data in this area could be due to a large, previously uncharted and unexplored
nodule field.
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Figure 1. Tectonic plate boundaries are shown, with blue lines indicating convergent boundaries, red
lines indicating transform boundaries, and green lines indicating divergent boundaries [77]. Seafloor
age is shown by black isochrons in 5 Ma intervals, adapted from [78]. Tectonic plates are labelled,
with Selkirk paleomicroplate highlighted in green; Area A is highlighted in yellow and the Kurchatov
trough is highlighted in red [79].

2. Observations

2.1. Transit Observations and Geological Setting

The ship transit investigated in this study trends approximately 102° and spans from
approximately -32° latitude, -130° longitude to -39° latitude, -110° longitude. The transit crosses the
Pacific plate from about ~25 Ma, across the EPR at 0 Ma, and out to ~1 Ma onto the Antarctic plate
[77,78], and crosses a variety of seafloor terrain including abyssal hills, submarine volcanoes, lava
flows, sedimented seafloor, and tectonic fabric and structures related to the Selkirk paleomicroplate
(>20 Ma) in the far west [79].

Area A is not documented in literature as a known occurrence or region highly permissive for
nodule formation [7,13,14,24,26,27,30-37,80-82], and is ~115 km north of suggested areas of low
nodule abundance [26,81] and ~1700 km east from suggested area of high abundance [34]. However,
there are two proximal ground truth sites that indicate nodules. One site (-36.33° latitude, -121.50°
longitude) is <2 km from the northern extent of the data set and ~100 km to the northwest of Area A.
This site provided a nodule sample recovered during sediment coring during the 14th cruise of R/V
Dmitry Mendeleev in 1975 [83]. The other site from -35.22° latitude, -124.97° longitude, within the
data set and ~450 km west of Area A consists of seafloor photos collected at core station 16 visited
during the 24th cruise of USNS Eltanin in 1966. The core description indicates 2-5% micronodules in
the upper 7 cm of core [84]. Seafloor photos from the station indicate abundant nodule coverage
[68,85].

Water depths in the dataset range from 334 m (seamount summits) to 6630 m (failed rifts,
trenches, fracture zones or pseudofaults related to the Selkirk paleomicroplate) [79]; the average
seafloor depths from west to east along the transit (apart from the aforementioned shallow and deep
features) rise from below to above the CCD, regionally estimated at approximately 4100 m [86].
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2.2. Environmental Parameters Suitable for Nodule Formation

Seafloor below or near the CCD is considered a suitable environment for nodule formation
[1,3,4,7,14,16,27]. Some nodule fields do exist above the CCD, e.g., Blake Plateau [4,87-89], Galicia
Bank [90], the Pernambuco Plateau [91], and the South China Sea [92], and have different
environmental constraints, which should be further reviewed to identify additional parameters that
control their occurrence such as limitation of sedimentation resulting from strong near-bottom
currents. This study focuses on nodule occurrence in deep water only.

Slope of the seafloor is also an important parameter for determining nodule presence from
multibeam backscatter data. Areas delineated from hull-mounted, deep-water multibeam data
exhibiting seafloor slope <7° can be considered conducive for nodule existence, and low slope
environments, e.g., <10° further limit the impact of slope on acoustic backscatter [17,41].

Additionally, a very low sedimentation rate of 0.3 to <1 cm ka! is considered coincident with
abundant nodule presence [1,13,24,93,94]. The sedimentation rate can be estimated using surface
productivity as a proxy of POC (particulate organic carbon) flux to the seafloor [95,96], or by dividing
sediment thickness [97] by seafloor age [78].

Seafloor age can also dictate whether an area is permissive for nodule occurrence. Newly created
seafloor is often shallower than the local CCD, as is the case for the EPR and associated ridge
structures included in this case study data. Additionally, time is required for newly created seafloor
to subside to water depths below the CCD. Also, if an area is over a recent a recent lava flow, adequate
time may not have lapsed for nodule accretion atop newly sedimented seafloor. Likewise,
considering an estimated hydrogenetic radial nodule growth rate of 5 mm Ma- [1] to ~7 mm Ma
[83], a minimum of 2 Ma growth time is necessary for an accretion to reach a minimum 2 cm diameter,
irrespective of nucleus size or mineral replacement of the nucleus. Hence, a 2 Ma minimum age can
be considered a requirement for nodule formation where slow growth rate exists.

The influence of bottom water, dissolved oxygen concentrations in seawater, available sources
of nuclei, dissolved metals content, and microtopography are not considered in this study owing to
lack of data for this case study and a lack of agreement on influence of these parameters on abundant
nodule presence.

2.3. Transit Areas Aligning with Prospective Nodule Characteristics

Along the transit near the EPR, all areas younger than 12 Ma are shallower than 4000 m, therefore
above the estimated shallowest threshold for nodule presence, using a local CCD depth of ~4100 m
[86] considered as a general ceiling for nodule occurrence in the Pacific [1,3,9]. Therefore, the
youngest areas are neither old enough nor deep enough to satisfy requisite characteristics for nodule
prospectivity. Most areas of older seafloor within the transit, including Area A, are not much deeper
than 4000 m except the Kurchatov trough and the low slope seafloor immediately to its south.

The entirety of the data set (except very near the EPR) exhibits a sedimentation rate <1 cm ka-!
[78,97], therefore meeting the requisite sedimentation threshold described above.

Much of the data exhibit slopes less than the maximum threshold of 7° for nodule presence,
though areas near the EPR and off-axis volcanic seamount chains, tectonic structure of the Kurchatov
trough and Selkirk paleomicroplate, and isolated abyssal hill feature exhibit slopes greater than 7°.
Both Area A and the area south of the Kurchatov trough consist of low slope seafloor along and across
track.

3. Research Obijectives

This research will attempt to predict whether a previously undescribed nodule occurrence exists
within the data area, and whether it may relate to a larger nodule occurrence in the region. Methods
will explore the utility of transit multibeam backscatter, firstly, and bathymetry, secondly for
identifying potential nodule presence. Likewise, this research will address the suitability of
backscatter products, rather than raw multibeam data, for identifying nodule presence on the deep
seafloor. This will be done by comparing results from analysis of different outputs from the same
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original data set, e.g. 8-bit visualization of backscatter, a surface containing backscatter intensity
values. This assessment will also inform whether the differing backscatter products produced from
the same data, but with different software or methods, can provide for similar interpretations of
seafloor characterization. Angular response diagrams from different visually apparent domains
within the data will provide an additional basis against which to verify characterization based on
backscatter value, bathymetry, and geologic parameters.

4. Materials and Methods

4.1 8-bit Graphic Paper Chart Analysis

During the cruise, 8-bit grey scale images with pixel values representing backscatter intensity
were printed. For this research, these were digitally photographed at 300 dpi resolution using a Nikon
D800. Images were merged into a single digital image with 8-bit pixel values using Adobe Photoshop
2022. This digital image was georeferenced using ESRI ArcMap 10.8, yielding an 80bit surface of 230
m X 230 m cell size [68]. As gain was not adjusted during data collection and visual observation of
the paper charts does not indicate apparent along-track jumps in backscatter intensity, the relative
backscatter values depicted by pixel values were used for analysis in [68].

Visually identifying seafloor domains identified in these images served as the first iteration of
analysis. Observation identified areas of high, low, and variable backscatter. One homogenous area
overlies the EPR, which is an area of known seafloor creation, and thus its pixel characteristics can be
inferred to represent high backscatter values. Areas of homogenous, high backscatter values include
the EPR, volcanic and abyssal hill structures extending distally from the EPR, and Area A. The
Kurchatov trough and immediately adjacent areas exhibit variable backscatter.

Histogram equalization through a cumulative distribution function, and subsequent
reclassification of the backscatter into a surface of 8 bins were undertaken as described in Mussett
(2023) [68]. The reclassified backscatter data were then constrained by parameters conducive for
nodule formation. This included elimination of pixels meeting the following parameters: <50% of the
maximum backscatter value, shallower than the local CCD, where slope is >7°, where seafloor is
younger than 2 Ma, and where sedimentation rate is 21 cm ka. This methodology identified areas
within the data where nodules may be present.

4.2. Comparing 8-bit Graphic Paper Chart with Digital Backscatter Products

Digital multibeam data from the cruise were processed in MB-System™ to produce both an 8-
bit backscatter surface (Graphic), and a surface containing intensity values on dB (decibel) basis (BS).
These two surfaces and the 8-bit graphic paper chart (Scan) describe above are hereinafter referred to
as the ‘three surfaces’. The three surfaces were compared using zonal statistics.

A 90 x 90 km fishnet grid was applied to delineate zones for general visualization of the data
from the three surfaces. Trendlines of standard deviation, median, and mean for the three surfaces
were created to illustrate similarities and differences between the three surfaces. Separately, a 4 x 4
km fishnet was applied to delineate zones to constrain the three surfaces to conducive nodule area
based on bathymetry and geologic parameters. This included constraining the data to 210 backscatter
value to eliminate low backscatter zones, and further constraining the data to <-1o standard deviation
to eliminate high variability zones. These constraints emphasize areas where nodules may be present
based on backscatter.

The final method for zonal statistical analysis included dividing the data coverage area into
longitudinally equal zones of 1°. This segmented the data into 20 zones. The number of 4 x 4 km cells
in each zone exhibiting low backscatter variability and high backscatter value were counted for each
of the three surfaces to identify zones with a higher concentration of prospective nodule area. The 1°
zones were then constrained by bathymetric and geologic parameters to include only areas with
conducive environmental conditions for nodule presence. This constraint reduced the number of 1°
zones from 20 to 14. The 1° zones with the highest concentration of 4 x 4 km cells, following the
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applied constraints described above, were identified as clusters where nodules may exist. These
comparisons will test the similarity of results derived from the different methods of displaying and
analyzing backscatter data.

4.3. Comparing Angular Response

Finally, angular response diagrams were generated from select sites representing visually
different backscatter domains and different geographic locations. The diagrams were derived from
cell values of the backscatter surface with pixel values in dB, and were not taken per-ping. Nadir
position is estimated from nadir artifact position in the backscatter, and angle is estimated as a
function of water depth, swath width, and across-track pixel position relative to nadir. Average
backscatter value and diagram shape in terms of average departure from trendline intercept are
recorded, and the qualitative profile shape was noted. These results are graphed against 15 kHz
angular response backscatter data for a variety of substrate types as described in the High-Frequency
Ocean Environmental Acoustic Models Handbook, hereinafter ‘handbook’ [98]. A qualitative
comparison of angular response from the test case data and 12 kHz angular response from a survey
area described by Yang et al. (2020) was also graphed [46]. The angular response data serve as another
verification for use of backscatter data in delineating seafloor geology domains, and both the profile
shape and across-track values relative to highest near-nadir values provide a basis for comparison
with theoretical profile shapes attributable to different seafloor substrate.

5. Results

The three surfaces exhibit similar trends in their 90 x 90 km zonal statistics, indicating all three
should generate similar results from a given analysis (Figure 2).

Stack Line of Standard Deviation Values within Each 90 x 90 km Zone of Each of 3 Surfaces
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Figure 2. Stack line comparisons of the three surfaces showing zonal statistics for median and
standard deviation based on 60 zones of 90 x 90 km. The MB-System™ surface for backscatter in dB
is shown in blue, the MB-System™ surface for backscatter in 8-bit is shown in grey, and the scanned
paper plot of backscatter digitized in 8-bit is shown in orange. Top panel shows zonal statistics for
standard deviation as an indicator of zonal homogeneity. Bottom panel shows zonal statistics for
median backscatter values; note median backscatter values for ‘"MEDIAN_BS’ surface have been
normalized from dB value to 8-bit values for comparison with 8-bit surfaces. The stack line trends
show all three surfaces share similar zonal statistics at this resolution, indicating all three surfaces
may work comparably for analyses.

Producing zonal statistics for all three surfaces on a 4 x 4 km zonal basis (normalizing resolution
to 16 km?cells, hereinafter ‘cells’) allowed for cluster analysis to be undertaken and the surfaces to be
compared. This was achieved by further binning the surfaces to bins of 1° longitude width (Figure
3). Constraining the three surfaces to only cells exhibiting high backscatter values identifies areas of
low seafloor acoustic absorption e.g. hard substrate including crusts, nodules, exposed basalt, etc.;
additionally constraining the surfaces to only include cells with low backscatter standard deviation
(0) further identifies areas of homogenous backscatter intensity. When an area is shown to exhibit
high backscatter values and high backscatter homogeneity, it is inferred as a uniform or semi-uniform
expanse of relatively hard seafloor substrate.
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Figure 3. Backscatter data grouped into zones of 1° of longitude, labeled by number at top of figure.

Counting the percentage of total cells present in each 1° bin for each respective surface
emphasizes clusters of strong, homogenous backscatter. This also allows for differences between the
three surfaces to be examined. The results for all three surfaces are similar, with 1° zones 8,
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corresponding to the Kurchatov trough area, 11, corresponding to Area A, and 19 and 20,
corresponding to the EPR emphasized as clusters of high, homogeneous backscatter (Figures 4 and
5; Table 1). However, while the two surfaces created via MB-System™ align very closely (R = 0.998),
the scanned surface correlates well but not as closely (R = 0.912), exhibiting higher stack line peaks
for clusters in Zones 10, 11 and 12 (Area A and adjacent), and a lower peak in Zone 8 (Kurchatov
trough).

% of Total 16 km* Cells Exhibiting Low o and High Backscatter per Each 1° Zone

% of Total Low o, Iligh Backsc

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

1° Longitudinal Zone

—BS Cells % of Total ~ =—Scan Cells % of Total Graph Cells % of Total

Figure 4. Stack line of all 3 surfaces showing the percentage of the total high backscatter and low o
cells, from respective surfaces, present in each 1° longitudinal zone. ‘BS’ (blue line) refers to the dB
intensity chart generated in MB-System™; ‘Scan” (green line) refers to digitized and georeferenced 8-
bit graphic paper chart; ‘Graph’ (grey line) refers to the 8-bit backscatter chart generated in MB-
System™. .

Table 1. Distribution of high backscatter and low o cells by 1° longitudinal zones for each of three
respective surfaces. ‘BS’ refers to the dB intensity chart generated in MB-System™; ‘Scan’ refers to
digitized and georeferenced 8-bit graphic paper chart; ‘Graph’ refers to the 8-bit backscatter chart
generated in MB-System™. .

1° Longitude Zone BS_Cells_% of Total Scan_Cells_% of Total = Graph_Cells_% of Total
1 0.59% 0.00% 0.38%
2 1.52% 0.00% 1.63%
3 1.06% 0.00% 0.63%
4 1.41% 0.00% 1.25%
5 0.23% 0.00% 0.25%
6 1.52% 0.00% 1.13%
7 3.17% 0.00% 2.89%
8 13.95% 6.77% 13.55%
9 5.28% 3.76% 5.14%
10 8.68% 13.53% 9.16%
11 17.23% 30.83% 18.44%
12 6.45% 9.02% 6.52%
13 1.76% 2.26% 1.88%
14 0.94% 0.75% 1.00%
15 0.12% 0.00% 0.38%
16 0.35% 0.00% 0.25%
17 0.23% 0.00% 0.50%
18 0.47% 0.00% 0.38%
19 17.58% 15.04% 17.69%

17.47% 18.05% 16.94%

N
(=)
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Figure 5. Zonal analysis output for 4 km X 4 km filtered to areas with low ¢ and high backscatter
value. These zones are shown in purple. Small fractional areas exist within the data, with three
apparent clusters labeled in figure.

Further constraining the high backscatter, low o filtered data to only those geographic areas in
the data >2 Ma old and accumulating sediment at a rate of 0.3 to <1 cm ka, and also shown by
bathymetry data to be deeper than the local CCD and exhibit a slope <7° identifies areas most
conducive for nodule presence. The three surfaces all identify similar areas within the data exhibiting
homogenous, high backscatter which, based on bathymetric and geologic context, are attributable to
nodule presence. These areas include the Kurchatov trough area (Zone 8) and Area A (Zone 11, with
lesser clusters in the adjacent Zones 10 and 12); the EPR area is excluded based on age and water
depth. Similarly to the comparison of the cell distributions prior to filtering by slope, depth,
sedimentation rate and age, the two surfaces created via MB-System™ align very closely (R = 0.999),
and the scanned surface correlates well but not as closely (R = 0.941 between ‘backscatter’ and “scan’
surfaces, and R = 0.943 between ‘graphic’ and ‘scan’ surfaces). For all 3 surfaces higher cluster peaks
exist in Zones 10, 11 and 12 (Area A and adjacent), with a lower peak in Zone 8 (Kurchatov trough)
(Figures 6 and 7; Table 2).

% of Total 16 km? Cells Exhibiting Low o and High Backscatter per Each 1° Zone

60%

50%

le Formationn

40%

atter Cells in Filtered

to Areas Conducive

20%

10%

0%

% of Total Low o, Iligh Bacl

1 2 3 4 5 6 7 8 9 10 11 12 3 14 15 16 17 18 19 20

1° Longitudinal Zone

—BS Cells %of Total ~——Scan_Cells % of Total ~=—Graph Cells % of Total

Figure 6. Stack line of all 3 surfaces showing the percentage of the total high backscatter and low o
cells, from respective surfaces, present in each 1° longitudinal zone as filtered to areas of low slope,
water depths below the local CCD, low sedimentation rate, and seafloor >2 Ma. ‘BS’ (blue line) refers
to the dB intensity chart generated in MB-System™; ‘Graph’ (green line) refers to the 8-bit backscatter
chart generated in MB-System™; ‘Scan’ (grey line) refers to digitized and georeferenced 8-bit graphic
paper chart. .
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Table 2. Distribution of high backscatter value and low backscatter o cells by 1° longitudinal zones
for each of three surfaces, constrained to areas conducive for nodule presence in terms of
sedimentation rate, water depth, seafloor slope, and seafloor age. Grey-shaded table rows indicate 1°
longitudinal zones containing no cells exhibiting both high backscatter value and low backscatter o
after such applying such constraints. ‘Scan’ refers to digitized and georeferenced 8-bit graphic paper
chart; ‘Graph’ refers to the 8-bit backscatter chart generated in MB-System™; ‘BS’ refers to the dB
intensity chart generated in MB-System™.

1° Longitude Zone BS_Cells_% of Total Scan_Cells_% of Total Graph_Cells_% of Total

1 0.00% 0.00% 0.00%
2 1.77% 0.00% 1.86%
3 0.00% 0.00% 0.00%
4 0.00% 0.00% 0.00%
5 0.44% 0.00% 0.47%
6 1.33% 0.00% 1.40%
7 0.88% 0.00% 0.93%
8 25.66% 12.50% 25.58%
9 7.96% 6.94% 6.51%
10 17.26% 25.00% 16.74%
11 40.27% 51.39% 41.40%
12 4.87% 5.56% 4.65%
13 0.00% 1.39% 0.00%
14 0.44% 0.00% 0.47%
15 0.00% 0.00% 0.00%
16 0.00% 0.00% 0.00%
17 0.00% 0.00% 0.00%
18 0.00% 0.00% 0.00%
19 0.00% 0.00% 0.00%
20 0.00% 0.00% 0.00%

17118 [ 19 ] 20

-32°
T

ST6 |78 9‘]0|11‘12‘13 14 1516

South of
Kurchatov trough

-34°
T

¢ [legend
?

! High BS, Low ¢ Cclls in
Ll Conducive Nodule Areas

d

2

dB

High : 8.08158
- 1:8,000,000

Low :-63.5

-38°

. Datum: WGS
1° Longitude Zones Units: Degree
-130° -128° -126° -124° -122° -120° -118° -116° -114° -112° -110°

Figure 7. Zonal analysis output for 4 km X 4 km filtered to areas with low backscatter o and high
backscatter value, and constrained to areas conducive for nodule presence in terms of slope, water
depth, sedimentation rate, and seafloor age. Zones likely to contain nodules are shown in purple.
Small fractional areas exist within the data, with two apparent clusters labeled in figure.

Angular response data from select geographic locations indicate a difference in seafloor
substrate for sections of the data. This is determined by both the mean across-track backscatter
intensity, and profile shape of the angular response diagram. These locations are shown in Figure 8
and described in Table 3. Figure 9 depicts the angular response of the across-track sites within the
data. Figure 10 depicts the same as well as modelled profiles for 15 kHz sonar for a range of substrate
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types as described in the handbook [98], and Figure 11 depicts the same with an additional overlay
of angular response at 12 kHz by substrate type, including nodules of ~20 kg/m? and ~40 kg/m?
abundance observed at a site in the western Pacific Ocean adapted from Yang et al. (2020) [46].

Site 10, -127.399, -32.806

34°

-36°
T

Legend

dB
B High: 8.081581] : 8, 000,000
! oordinate System: GCS WGS 1984
Datum: WGS 1954
Units: Degree 1

Low :-63.5

Site 8. -124.766, -35.402

Site 6,-121.024, -36.57

Site 2. -114.542.

Sited.-118.414,-37.139

ey

Site 3, -115.432, -37.7¢

-130° -128° -126° -124° -122°

-120°

-118° -116°

Figure 8. Sites within the backscatter data where across-track angular response diagrams were

generated based on backscatter raster values. Sites are ordered 1 to 10, labeled in figure and outlined
in red, from youngest near EPR to oldest in the furthest northwest extent of the data. Table 3 describes

each location.

Sites within the data where across-track angular response diagrams were generated from the
backscatter surface generated in MB-System™ with cell values in dB (Table 3). The absolute average
difference between the diagram trendline and nadir intercept was used as a marker of general flatness
of the profile in terms of the range of backscatter values about the trendline intercept. Site 5,
corresponding to Area A exhibited the lowest variability. Site 7, corresponding to the area south of
the Kurchatov trough exhibited the highest variability. Sites 5, 6, 7, and 9 are the only sites >1o
difference of intercept to backscatter across track, indicating these are significantly higher or lower in
terms of their profile flatness. Sites 1 and 5 exhibit the highest mean backscatter values. The high
mean backscatter and flat profile of Site 5 align with an expected nodule profile as shown in Figure

11, adapted from Yang et al. (2020) [46].

Table 3. Angular response diagram statistics for 10 test sites from the data. Column ‘Absolute

Average Difference between Trendline Intercept and BS at Incidence Angles’ indicates the general

flatness of the profile.
Absolute Difference A.bsolute Average
. Mean BS . Difference between
Site Area Name between Trendline .
(dB) Intercept and Nadir Trendline Intercept and
P BS at Incidence Angles
1 EPR -19.69 8.687355 2.29
’ Survey flat area between volcanic 4022 11.8692 175
features west of EPR
3 Transit southeast ofA/ younger than Area 36.53 7 593326 201
4 Transit slightly southeast of / younger 23,49 10575 273
than Area A
5 Area A -19.283 1.283 1.10
6 Transit slightly NW of Area A -28.5 4.996 4.65
7 Kurchatov trough -26.14 24.942 5.62
8 Selkirk structure -27.72 10.829983 3.29
9 Transit north of Selkirk structure, 3942 4057381 137
apparent low BS
10 Transit in NW data area, apparent low 4905 9.019949 200

BS
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Figure 9. Angular response diagrams from backscatter value surface in terms of dB. Site descriptions
correspond to descriptions in Table 3. Site 5, corresponding to Area A, exhibits the flattest line and
highest mean backscatter. Site 1, corresponding to the EPR, exhibits similar backscatter but higher

variability. Site 7, corresponding to the Kurchatov trough, shows greater variability, though the 40 —
60° range aligns with the diagrams of Sites 1 and 5.

Angle of Incidence
-100 -80 =60

20 40 60 80 100

-60

—Site 1 -+-Site 2 +-Site 3 -+-Site 4 —Site 5
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+ Medium Sand + Very Fine Sand + Silt (62 =0.001) +Silt (62 = 0.0003) Linear (Rock)

Figure 10. Angular response diagrams from backscatter value surface in terms of dB. Site descriptions
correspond to descriptions in Table 3. Model profiles for several substrate types in terms of 15 kHz

angular response as described in the handbook [98] are shown.


https://doi.org/10.20944/preprints202410.2351.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 October 2024 d0i:10.20944/preprints202410.2351.v1

13
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Figure 11. Angular response diagrams from backscatter value surface in terms of dB. Site descriptions
correspond to Table 3. Model profiles for several substrate types in terms of 15 kHz angular response
as described in the handbook [98] are shown. Model profiles for several substrate types, including
nodules at two abundance levels, in terms of 12 kHz angular response from a study site in the western
Pacific Ocean are labeled in the graph (adapted from Yang et al. (2020)) [46]. Note relatively high,
uniform backscatter values for the 40 kg/m? nodule profile; note relatively high, uniform backscatter
values for Site 5 (Area A). This qualitative comparison of angular response diagrams suggests
abundance nodules exist in Area A.

6. Discussion

Analysis of the multibeam bathymetry and backscatter data together with the environmental
data predict nodule occurrences both in Area A, and south of the Kurchatov trough. Across-track
angular response diagrams qualitatively reinforce the characterization of nodule presence in Area A
(Site 5), while suggesting a different type of substrate, or more variable seafloor geology may exist
south of the Kurchatov trough (Site 7). However, the area analyzed for angular response south of the
Kurchatov trough only overlaps potential nodule areas from ~30° to ~70° angle of incidence (Figures
7 and 8). For this section of the Kurchatov trough area (Site 7) angular response diagram the angular
response closely aligns with the respective sections of angular response diagrams of the EPR (Site 1)
and Area A (Site 5), indicating nodule presence only in this section of the data area analyzed for Site
7. It must be noted the angular response diagrams were generated from the backscatter raster, and
were not taken per-ping.

The extent to which multibeam data editing may have impacted the results is not evident when
working only with raster data. However, this methodology may provide a more readily attainable
means for assessing angular response by scientists without access to digital multibeam data or
specific software needed for generating angular response diagrams. However, this method requires
additional effort and inherent imprecision for matching a wide swath from a hull-mounted
multibeam system operated in deep water with the most likely average seafloor type in a specific
location in the data; if the wide swath encounters an area of apparent variable backscatter, the angular
response profile may not match closely with a modeled profile. Without built-in capability afforded
by specialized software, interpretation can prove more challenging for an investigator to accurately,
and consistently, determine. Ideally, calibrated backscatter data can be acquired with a respective
system and used as a benchmark. Comparative analysis undertaken in this research relied on profiles
described in both the handbook [98], which did not provide a 12 kHz model output, as well as by
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Yang et al. (2020) [46], which considered data collected in the same ocean and at the same frequency
but with a multibeam system not necessarily intended to be used as a calibrated benchmark to
compare with other backscatter data. However, this research indicates the use of angular response
diagrams as an evaluative tool work well as a complement to analysis undertaken with bathymetry
and backscatter surfaces.

During this research, similar results were achieved regardless of which of the three surfaces were
used, though trends were more subdued in the scanned chart. The scanned chart allows for data
analysis but digital products derived in MB-System™ provide greater data density, which may result
in accentuated trends in pixel distribution graphs. Similarities between the three surfaces may be
accentuated owing to processing undertaken during and following the cruise, which may have
included treatment in the contemporaneous Simrad or IFREMER acquisition and processing software
suites (e.g., CARAIBES ©). Comparing results from additional data sets and products, as well as
products produced from additional software suites may offer future opportunity to address the
research objective of whether differing backscatter products produced from the same data, but with
different software or methods, can provide for similar interpretations of seafloor characterization.

This study suggests backscatter products such as raster surfaces provide a suitable basis for
evaluating prospective nodule areas and delineating seafloor substrate types; while assessment
relying on raw multibeam data may compliment or refine results based solely on backscatter
products, the adaptability of backscatter products in software other than specialized multibeam
software may afford more opportunity to a broader range of scientists and persons interested in
characterizing seafloor geology.

Explanations for high backscatter intensity other than nodule presence include presence of
abyssal hill outcrops, recent lava flows, or polymetallic crusts. However, the geomorphology of both
Area A and the area south of the Kurchatov trough do not indicate the characteristic dendritic
patterns of lava flows or sharp contrasts with older sedimented seafloor (e.g., Hagen et al., 1990) [99].
Polymetallic crust presence, e.g., Fe-Mn coating on exposed igneous basement may be present
throughout this general area of the transit, but this coating is not expected to be a predominate feature
of Area A, because unlike nodules, flat crusted seafloor would be buried by sediment in this
location. Likewise, the differences in angular responses and the broad areas of high, homogenous
backscatter (Figures 9-11) would be best explained by a large nodule field.

Future ground-truth data collection will be needed to test this prediction and validate the
applicability of this method in detecting nodule fields. Models based on remote sensing data can be
trained with inputs of empirical data to establish nodule domains, as well as geological domains of
different seafloor type. Differentiating seafloor substrate types will assist with marine spatial
planning, as domain types, spatial extents of individual domains, and benthic habitats can be more
precisely defined. This may facilitate marine spatial planning initiatives and fulfillment of objectives
such as the protection and conservation designation of 30% of marine area by 2030 as stated in the
Kunming-Montreal Global Biodiversity Framework, as well as support ongoing management of
marine mineral resources, e.g., the International Seabed Authority [100,100,101,101,102].

The whole of this case study data exist in international waters, in an area with seabed resources
administered by the United Nations. Area A accounts for ~3,000 km? of seafloor, and the potential
nodule area south of the Kurchatov trough accounts for ~1,000 km? of seafloor. Estimated area of
seafloor prospective for abundant nodules in the Pacific Ocean is ~28,000,000 km? from 9 areas,
ranging from ~350,000 km? to ~8,000,000 km? [34]. Should Area A and the surrounding region be
confirmed to contain abundant nodule fields, this would contribute to estimates of Pacific seafloor
containing nodules and support efforts to classify benthic habitat domains throughout the Pacific.
Similar high resolution data are scarce in the region; low-resolution bathymetric estimates and
application of filters for environmental parameters conducive for nodule presence suggest the
occurrences indicated in the case study data may be part of a much larger occurrence. As more of the
world’s oceans are mapped in high resolution, new data may show this area as a continuance of
known occurrences in the southern Pacific Ocean, or as a unique contiguous field unconnected to
known occurrences. Future multibeam data collection, particularly adjacent to the data boundary to
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the south and east of the Kurchatov trough area, as well as north and south of Area A would enable
such an assessment.

7. Conclusions

Analysis indicates Area A and the area south of the Kurchatov trough contain polymetallic
nodule occurrences. This is based on the respective data characterization of homogenous, high
backscatter value, and application of bathymetric and geologic context. Zonal analysis of the data
indicates a higher concentration of 16 km? cells exhibiting high backscatter values and low
heterogeneity within Area A than elsewhere in the data. This is true whether or not the data are
constrained to areas conducive for nodule formation. The zone including the Kurchatov trough
exhibits the second highest concentration of such cells when constraining to areas conducive for
nodule formation, while the EPR exhibits the second highest concentration of such cells when
constraints for nodule formation are not applied. The scanned paper chart contains a higher
proportion of such cells in Area A than do the MB-System™ backscatter products; likewise, clusters
of such cells are less apparent in the scanned paper chart results when mapping these data, perhaps
owing to the higher data density of MB-System™ products.

A relative seafloor valley slightly below the CCD exists in and immediately adjacent to Area A,
while low-slope seafloor of ~4500 m water depth exists to the south of the Kurchatov trough. Results
suggest smaller areas within the data also may contain nodules, though proximity to tectonic
structures limits their expanse compared to Area A and the plain south of the Kurchatov trough.
Qualitative assessment of angular response diagrams generated from select locations throughout the
data indicate geological characteristics differ, and reinforce the interpretation of nodule presence
where bathymetry, backscatter value, and environmental parameters suggest. Although ground-
truth sample data are required to validate the characteristics of seafloor geological domains, this
research strongly suggests that transit multibeam bathymetry and backscatter data, including
angular response, can be used with geologic and environmental data, prior to ground-truth data
collection, to predict areas of deep seafloor likely to contain polymetallic nodules.

The primary variables to identify areas likely to contain polymetallic nodules are homogeneous,
strong multibeam backscatter data in areas of seafloor older than 2 Ma that are deeper than the CCD,
subject to sedimentation rates of 3 to <10 mm ka!, and with an overall seafloor slope <7°. Based on
this proposed method we predict evidence from a single multibeam transit indicates two areas of
respectively ~3,000 km? and ~1,000 km? in water depths >4,000 m contain nodule occurrences. These
locations are limited to the extent of the data. Future use of similar methods may be used with low
resolution bathymetric estimates of adjacent areas to identify whether a much more expansive
occurrence may exist in the region, though angular response analysis would not be possible and
results would only be indirectly comparable owing to poorer bathymetric resolution. Future work
may also include a data mining exercise to locate geological samples coincident with data collected
using the same multibeam system in comparable water depths; this would allow for an additional
case study, and provide an empirical basis for interpretating angular response diagrams generated
in this study.

Lastly, considering the vast amount of archived multibeam transit data through remote areas of
the world’s oceans and new multibeam data expected from the Seabed 2030 Project [103-107], we
propose that this type of first-order analysis could be useful as a cost-effective, desk-based analytical
method for determining other potential nodule fields using a specific set of variables starting with
multibeam backscatter data exhibiting high values and homogeneity (along and across track),
geomorphology from multibeam bathymetry, environmental parameters conducive for nodule
formation, and angular response profiles fitting a shape and intensity representing a high impedance,
high rugosity seafloor. This proposed method could help prioritize future exploration activities
including transit planning to or from focused survey areas, and can assist scientists and regulators in
estimating marine ecological and mineral resources. Additional industrial applications for
characterizing seafloor geology with these methods include cable route surveys, locating seamounts
or other features, which could pose a navigation hazard, and identifying types of seafloor habitats.
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