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Marine geomorphology maps - diverse users, diverse scales

longer

Time

shorter

XSub-regional

Vv Overview

e.g. Heap & Harris
(2008)

X Regional

Vv Part 2
Geomorphology

v Global

e.g. Harris

etal
(2014)

1:5k

1:100k 1:250k

Map sheet scale

1:500k

© Commonwealth of Australia (Geoscience Australia) 2022.

Earth sciences for Australia’s future | ga.gov.au



Marine geomorphology mapping: a two-part approach

Part 1. Morphology

Commonwealth of Australia (Geoscience Australia) 2022. Earth sciences for Australia’s future | ga.gov.au
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Steps to developing an

ocean best practice

SCOPEAND DEVELOPAND REVISEAND |
RECRUIT RELEASE RATIFY
) b g
Wil TN :
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1 » Confirm the need 3 > Develop content %) > Invite feedback

= Consider best practices training
= Review similar methods

= Survey the community

= Develop scoping report

ana

_________________________

2p

T- |dentify leaders
|

| m Invite contributors and institutions

' m Beinclusive
= Set scope of method

|
|
1
|
1
|
|
|
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Przeslawski et al (2023)

4P

5p

m Assess/integrate related methods
~»m Consultin working group -+

- -m Create strawman¢-----+
= Complete final draft

Review final draft
= |nvite full community review
= Respond and revise
= Maintain adjudication record 7 >

@
Release
= Publish at repository

= Notify stakeholders
= Promote to target audiences
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= Survey users

= Pyblishin journal

= Assess uptake via repository
= Consider new version

il Q
2B

Obtain community endorsement
for an accepted best practice!

= Obtain GOOS endorsement

= Obtain institutional endorsement

= |nclude in permitting recommendations
= Maintain and update

Footer

Download via:

https://lwww.oceanbestpractices.org/repository/

™ . % " es "2

-

Benefits of usinga |
best practice

~
= Collaborative opportunities
= Efficient use of time
= Improved systems interoperability
= Data comparability and collatability
= Greatertrustin data
= Streamlined regulatory approval
= Higher funding success
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- Awwopartscheme  Applieaons  GlSwos  Nextsteps
Part 1 Part 2
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Part 1 GIS paper and Tools Part 2 paper and GIS Tools

? frontiers RS R
in Marine Science
A two-part Seabed Geomorphology
classification scheme: (v.2) I o A two-part seabed geomorphology
= classification scheme

morphology from
bathymetry data

PART 1: MORPHOLOGY FEATURES GLOSSARY
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FRAMEWORK AND GLOSSARY - Version 1.0 . 1202
o
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April 2023

October 2020
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Tools coming
- soon... —
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Part 1: Morphology
Planarsufaces, inclned srfaces and inaments _seamount 000000000
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Part 1: Morphology

Planar surfaces, inclined surfaces and lineaments
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Part 2: Geomorphology
» Fluvial
g Coastal
- Solid Earth
Step 2: .
Tag shapes Settings -
with their Processes
Geomorphology - Current-induced

- Biogenic
»- Fluid Flow
> Karst
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Part 2: Geomorphology
Basic geomorphic unit {(BGU) }» —————————— - BGU Type (BGU-T) e =  BGU sub-Type (BGU-sT) |
—b Fluvial L g L j
= 4—{ Category of BGU
> Coastal
4% Category of BGU
author of - . i author of i
- —»{ Category of BGU memm-m#: Sub-classification of BGU -, TOIE . Py ;
authar af E ------------- ._.____.___________ __i
- 4% Category of BGU (parent) }—sub_ ciossification | Sub-classification of BGU :
lobel &/or author B !
for downstream grouping |
- 1 Eg Group A hierarchical:
Ste 2 . = wd Ea rth BGU child (below) may form part of
p - Settin QS BGU parent {above)
Tag shapes —
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Geomorphology - Current-induced (can be mopped and tagged | ——_ | TUES ! sub-classification of BGU |
independent of the parent) ! '
lgbel gndfor
outfior ; P ]
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grouping |obel &/or
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> Fluid Flow 4.{ Category of BGU authorof_|
sub-closs.
L Karst ——  Sub-dlassification of BGU :
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Setting /. BGU* BGU-T* Part 2 Geomorphology definition ** ;':ﬁ“' Beach ride Eoasiaf sou
e g D . il ‘A low gradient sand bar and trough that forms 18 Index of terms Bed [blogenic) e —
b longshore n the intertdal zone of 2 SEACK Or The following list of terms is provided to assist or "Mat”
: ol Incised valey ——» comstaly ridge and runnel | e seros e mteracal | the user in finding which Setting / Process Bedded bedrock Solid Earth B6u-T
..| - ubsariel vallay I 1 o z0ne N to f iietres Masselinik chapter each term is classified. BGU-T marked outcrop :
- ver valey; riv; fford and Hughes, 2014). with an asterix are not defined in the glossary. Beikding ridge Soltd Earth ssu
Tosdpial A low gradient sandy to gravelly deposit lacated on Bedform Current-induced ~ BGU
N locdplain terrace be - strath the landward side of a BARRIER depasited over a A i
IE washover bar BACK-BARRIER FLAT or LAGOON uaz.es. formedby MMV + Bedrock outrrap Solid Earth gy
high-energy cobesive; storm surge o tsunami run-up. Typically fan shaped Abyssal hill sofid Earth B6Y Bench Current-induced  BGU-T
ol oo = madium-anergy uneonfined; in plan view (Reineck and Singh, 2012). I ion zone see "0 . Bench see "Dip slope”™
low-snergy cohesive ) A low gradient sand bar that forms in the intertidal 2one” Berm Coastal BGU-T
= - ek reba) | vean s avonse s o e [ Mgtnstng Bogerc  6a1 ionem T
—0 - -,;::: lobe > o (Masselink and Hughes, 2014). Alluvial fan Fluvial BGU Biostrome Blogenic BGU
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[th BGU
. . T Cable Anthropogenic BGU-T
. To assess landslide and tsunami risk (e.g. Bardet et al., 2003); develop GIS Caidera (rud i Flow -
- () seafloor stability : volcsnch
ground models for offshore renewables (e.g. Barwise et al., 2014); for safe
assessment N N . BGU Canyon head Marine 86U
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| - * bavrier [th BGU-T Carbonate doline Korst BGU-T
vack harrier R . Carbonate karst Korst BGu
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budgets (e.g. Stow et al., 2009) L
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,7 wal Chenier plain Coastal BGU-T
R [ - | . . . . . . . Chenier ridge Coastal BGU
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: o intent il diff Coastal BGUT
: . ., ) Bou-T cliff see “Scarp siope”
v cf Currentinduced (V1) mineral resources To locate fluvial and coastal placer deposits (Kudrass, 2017) and
e : assessment aggregates.
Classification tree Egrega Index of terms
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_ dwepmisdEve | Awleeee |
Products based on the scheme (to October 2023)

e

Darwin shelf
@ Published x
O Underway | NW Shel Gulf of Carpentarla
Cape Range & Cloates C
© Published examples p 9 Cor\al Sea

Broken Ridge ‘
Perth Canyon

Australian national 250 m Bass Strait /

Sabrina Slope

@)

Inkfish various (deepwater)
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BGS Seabed Geology — map series
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BGS, Geological
Survey

| | Bathymetry
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Hillshade
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Elevation

Fluvial Setting

Coastal Setting

Solid Earth Setting

1. Beagle MP i 2. North Flinders Reef

high tide

continental
| shelf break

low tide

- ! Distance offshore

Current-Induced Processes

Biogenic Processes

Mass Movement Processes
1 1 1

Fluid Flow Processes

Karstic Processes

1 1 1
AnthropogenicProcesses
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1. Beagle Marine Park

Part 1: Morphology (bathymetry)

Planar surfaces, inclined surfaces and lineaments

PLANE

SLOPE
BREAK(S) IN SLOPE
CENTRELINE

ESCARPMENT ¥ o CREST
o LINEAMENTS siLL o l,
% Ll g 8 © o THALWEG
Highs
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]
- ~

MOUND BANK T PATEAU CONE PINNACLE

Tl AN

)
—
RIDGE(S) ~ = H HUMMOCKS) & Vv
/\/— i :__a_to?xﬁ)_____________l
B e 0 e e | 1
| N i
e IR SRR
Lows
CANYON VALLEY TRENCH CHANNEL TROUGH GULLY HOLE MOAT
\_‘/ \[ W4 LT [ LI J\
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DEPRESSION(S) \/ \/‘ V A
— T~ e

Heap and Harris (2008)
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1. Beagle Marine Park
Part 2: Geomorphology Solid Earth Setting

e .

Marine Setting

e — e ——— e

———

| Coastal
Setting
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Potential applications

1. Beagle Marine Park

(I} toinfer potential habitat

Part 2: Geomorphology

B (1)  seafloor stability
i assessment

() sediment modelling

(V) climate and past
environment
reconstruction

(V) coastal and marine
management

(V1) mineral resources
assessment

s

eastern sill

aeoliandunes @ -60 m

Bass Strait beachridges @ -67 m

Solid Earth
- tectonic depression

western sill @ Bass Interior Seaway
-75m

Coastal Bass Lake

- dunes
- barchan
- aeolian

Commonwealth of Australia (Geoscience Australia) 2022. lia update 15 May



1. North Flinders, Coral Sea Marine Park

Part 1: Morphology

Highs Lows

Channel

Gullies
Ridges
Mounds
Pinnacles

Mounds

Depression
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1. North Flinders, Coral Sea Marine Park
Part 2: Geomorphology Solid Earth Setting

e ] e B B e e I

prr———

oo e e
oo

o~ Marine Setting

T —e e — e S

e

Solid Earth
- volcano - guyot

Il ... | Biogenic Processes

|-='--»-»-mu-w\|»——————-—j I e
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Potential applications

1. North Flinders, Coral Sea Marine Park

Part 2: Geomorphology () toinfer potential habitat

() seafloor stability
assessment

() sediment modelling

V) climate and past
environment
reconstruction

Solid Earth
- volcano - guyot

(V) coastal and marine
management

ol (VI) mineral resources
assessment

Multiple palaeo-reef crests (BGU)
- indicate former sea levels
- now comprise the fore-reef (BGU)

Earth sciences for Australia’s future | ga.gov.au



3. Groote Eylandt (NT)

DEA Intertidal DEM pilot project — the new NIDEM
Groote Eylandt Archipelago Dynamic (DEA) Coastlines

Bleveton Y
\ sland %
(wl

s s oo

Retreat (m / yoar) Annual coastlines
-150m « 219

100 m

060 m Groote Eylandt =

= ‘N Anindilyakwa Indigenous Protected
030m Arl
4 rea

020m

0I0m

Ql0m
020m
030m
060m

LA . ] ‘__J,/
1.00 m \ - 2. 24 dlaeba

WEE . e ent

250m> A S emen

= Anindilyakwa Indigenous Protected Area sea country . . UG o B ;

Growth (m / year) , L
S5 .
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Patential applications
3. Groote Eylandt (NT) Preliminary NIDEM (2021) and geomorph ma

(I) toinfer potential habitat

DEA Intertidal DEM pilot project — the new NIDEM

Groote Eylandt Archipelago seafloor stability
assessment

oy ‘-”" : . sediment modelling
SR e i AL S, ¢ ;i -
L. island A ] o . - \ \ "
T C-'" x| ; o ANE climate and past

; \ environment
Intertidal bars s N S, W reconstruction

<aw» Oblique (3 SR N coastal and marine
<> Shore-parallel A management
3 mineral resources
i TN & S assessment
Groote Eylandt

‘WAnindilyakwa Indigenous Protected
rea

Anindilyakwa Indigenous Protected Area sea country
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Operationalising the two-part scheme — ESRI

Part 1 Morphology mapping tools - published

Part 2 Geomorphology tool (DRAFT)

Catalog v X
Project Portal Favorites =
Search Project 2~ ‘

P i@ Maps
4w Toolbbxes

Catalog v X
Project Portal Favorites =
‘ Search Project 2~ ‘

P i@ Maps
4w Toolbbxes

el ﬂ.'i BathymetricHigh.pyt

Step 1

:‘-r Openness Tool Bathymetric High
&' TPI LMI Too! Bathymetric High
& TP Tool Bathymetric High

4 5 BathymetricLow.pyt
_,_‘-‘j Openness Tool Bathymetric Low
S PICl Tool Bathymetric Low

&' TPI Tool Bathymetric Low

4 QAQC_Tools.pyt Step 4

Assign_QAQC_Class_Tool

Calculate_QAQC_Statistics_Tool
Generate QAQC Subset Tool

[:lmg [:Im:] l:IIII‘IJ

Catalog e

Project Portal Favorites

m x

‘ Search Project R

P i@ Maps

Step 5

4 g Toolbbxes

4 AddGeomorphologyAttributes.pyt
E: Add Geomorphology Attributes Tool

4 {5 AddAttributes.pyt

&' Add Profile Attributes High Tool

Step 2

| Add Profile Attributes Low Tool

Oy |

&' Add Shape Attributes High Tool

&' Add Shape Attributes Low Tool

Ui

[ Add Topographic Attributes High Tool

' Add Topographic Attributes Low Tool

4 By ClassificationFesture.pyt Step 3

& Classify Bathymetric High Features Tool

& Classify Bathymetric Low Features Tool

f&‘ frontiers
in Marine Science

Rule-based semi-automated
tools for mapping seabed
morphology from
bathymetry data

® coer &

Cartographic style (DRAFT)
Step 6:

ArcGIS Pro Styles

Earth sciences for Austra

s future | ga.gov.au

() [0) a © Commonwealth of Australia (Geoscience Australia) 2022.



Future work

1. Application:
« To the new (2023) national 250 m grid >>
« Toregional grids (e.g. Bass Strait 30 m 2023)
* Advice to IHO/SCUFFN on how to translate B6

2. Tools
* Finalise Part 2 tools
«  Migrate all tools to Github to support their
refinement

https://www.ausseabed.gov.au/resources/news

3. Products:
«  SOP, ESRI cartographic style, web services,
Part 2 manuscript, Story Map, tutorial module

Please direct feedback to: Rachel.Nanson@ga.gov.au

Earth sciences for Australia’s future | ga.gov.au
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IHO B-6 (2019)

IHO-based classifications

Two-part scheme (2020, 2022)

Cookbook (2022)

L. GENERIC TERMS

NOTE: Only the generic terms in this section
should be used 1n any new undersea feature name
proposal that 1s mtended for submission to SCUFN.
ABYSSAL PLAIN

An extensive, flat or gently sloping region, usually
found at depths greater than 4000 m.

APRON

A gently dipping SLOPE, with a smooth surface,
commonly found around groups of islands and
SEAMOUNTS.

BANK

An clevation of the seafloor, at depths generally less
than 2M) m., but sufficient for safe surface

navigation, commonly found on the continental
shelf or near an island.

BASI

A depression more or less equidimensional in plan
and of variable extent.

Part 1: Morphology

e

AN AL
= =

l

Step 2:
Tag shapes
with their

Geomorphology

Settings

Processes

A& gently dipping surface, becurring at the base
of & bathymetric high. that s elevated relative
tothe adjacent seaflor.

| BANK |
An eleation of the seatioar, aften found in I 1
eterdepth e than 200 nfadapted rom

1O, 2019).

BANKS are lower elevatian than SEAMOUNTS A
nd tend to occur in shollower water.

s groesmp et ot o e ey

o e

]

ABYSSAL PLAIN
Definition: An extensive, flat or gently sloping region, usually found at depths greater than 4000 m.

Dimensions: Generally greater than 100 x 100 km
Length-to-width ratio: Typically, about 1:1, but can be elongate up to 3:1.

Depth:  Usually greater than 4000 m

Steepness: Usually less than 1 degree — which is 175 m change in elevation over 10 kilometres (km).

Comments: These are deep-sea features and should not be confused with BASINS that can also occur
at shallower depths. ABYSSAL PLAINs differ from BASINs in that they are part of the
deep ocean floor, sometimes extending around isolated SEAMOUNTS and RIDGES, and
often have little or no sediment cover. The edges of ABYSSAL PLAINs can be difficult to
define as they tend to merge with the SLOPE at continental margins.

Similar Features: If length to width ratio is greater than 3:1 consider TROUGH or TRENCH definitions.
If smaller than 100 x 100 km consider BASIN, DEEP and HOLE definitions.

APRON
Definition: A gently dipping SLOPE, with a smooth surface, commonly found around groups of
islands and SEAMOUNTSs.

Dimensions: Can vary greatly from less than one km? to 100s of square kilometres.
Length to width ratio: Typically, about 1:1, but can be elongate up to 3:1.

Depth: Any water depth.

Steepness: Usually less than 1 degree - 175 m change in elevation over 10 kilometres.
Comments: There are few of these in the gazetteer.

Similar Features: If not associated with a SEAMOUNT consider FAN definition. If steeper than two
degrees consider SLOPE definition.

Knoll Knoll Hill

Knall Kaall Hill Hill

GEOSCIENCE AUSTRALIA




IHO-based classifications

island.

GEOSCIENCE AUSTRALIA [o%0M

biogenic particles

Termr EE Two-part scheme def Morph (Part 1) or | Cookbook
Geomorphology
(Part 2)?
APRON A gently dipping A gently dipping SLOPE surface, Morphelogy Definition: A gently dipping SLOPE, with a smooth surface,
SLOPE, with a ogeuring at the base of a commonly found around groups of islands and SEAMOUNTs
smooth surface, bathymetric high, that is elevated
commonly found relative to the adjacent seafloor. Dimensions: Can vary greatly from less than one km?2 to 100s of
around groups of square kilometres.
islands and
SEAMOUNTS. Length to width ratio: Typically, about 1:1, but can be elongate up
o3l
Depth: Any water depth.
Steepness: Usually less than 1 degree - 175 m change in elevation
over 10 kilometres.
Termr EE Two-part scheme def Morph (Part 1) or | Cookbook
Geomorphology
(Part 2)?
An isolated small An isolated (or tract of) small Geomorphology Definition: An isolated small elevation on the deep seafloor
ABYSSAL HILL . . H
elevation on the elevation(s) on the deep seafloor Solid Earth —
BANK An elevation of the | An elevation of the s deep seafloor. parallel to a mid ocean ridge and abyssal hill; Comments:
seafloor, at depths | found in depths less formed by volcanism and block
generally less than Mm faulting. Alternative Term: HILL
200_"”' but Aavigationcommon! | ABYSSAL PLAIN An flator | An , flat or gently sloping | Geomorphology | Definition: An extensive, flat or gently sloping region, usually found
sufficient for safe eontinentalshelfors gently sloping region, usually Physiographic — at depths greater than 4000 m.
surface navigation, region, usually found at depths greater than 4008 | abyssal plain
commonly found found at depths 4 km, covered by up to 1 km Dimensions: Generally greater than 100 x 100 km.
on the continental greater than 4000 | sediment thicknesses consisting of
shelf or near an m fine-grained erosional detritus and Length-to-width ratio: Typically, about 1:1, but can be elongate up

to 3:1.

Termr BG Two-part scheme def Morph (Part 1) or | Cookbook
Geomorphology
(Part 2)?
MEDIAN VALLEY The axia'\ N/A N/A Definition: The axial depression of the MID-OCEANIC RIDGE.
depression of the
MID-OCEANIC Comments:
RIDGE.
Alternative Term: TROUGH.




