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Good evening. Thank you for the introduction and for inviting me here to talk to you today. 

As mentioned, my name is Samantha Clarke and I am a PhD student at the University of Sydney.

My research project deals with submarine landslides on the SE Australian continental margin
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Just a quick overview of my talk today:

Firstly I will go through some background and context for the talk, followed by a look at the SE Australian margin, both the general characteristics & a more specific look at the study area investigated. 
I will then talk about some of my results to date from investigations into failures on continental slope and finish up with some conclusions based on those results
Click
Firstly, the aims of the project…


BACKGROUND

PROJECT AIMS: WHAT ARE WE TRYING TO DO?

1. WHY? submarine landslides are occurring
» Sediment physical properties
* Slide morphology

* Failure mechanisms

2. WHEN? fallures have occurred in the past

* Radiocarbon ages

3. HOW? they occur — past & future
* Location, size, possible trigger mechanisms
* Slope stability analysis

» Threat assessment — tsunamis?
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Much like other research into submarine landslides around the world, we are attempting to address 3 broad problems with respect to the SE Aust continental margin
Specifically:
­	Why submarine landslides are occurring in this region
­	When failures have occurred in the past 
­	How they have occurred or might occur again in the future
To answer these questions, the physical and mechanical properties of the margin sediments were investigated, along with the age of the sediments. These results were then combined with morphology data and used in a slope stability analysis to help to determine appropriate mechanisms of failure and ultimately, the cause and timing of the submarine landslide events.
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Now some background for the project…


BACKGROUND

SUBMARINE LANDSLIDES

SIZE AND EXTENT

¢« Common in geologic record

e Triggers not well understood
* Shallow gradients

* Wide range of scales - up to

3000 km3
CONSEQUENCES
: : _ onal fai « Damage to seabed
Types of submarine slope failures: (left) planar/translational failure, infrastructure

(right) circular/rotational failure, which also displays multiple scarps _
as a result of retrogressive failure (Highland & Johnson, 2004) « Subsidence of coastal areas

e Tsunami generation

TRIGGERS

« Earthquakes, Storm wave loading, Erosion (slope over-steepening), Rapid sedimentation
(under-consolidation), Weak layers, Gas hydrate dissociation, Sea-level changes,
Glaciation and isostatic uplift, Volcanic activity, Diapirs, Creep
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The geological record contains many examples of submarine landslides, however, their dynamics and triggering processes are generally not well understood. 
They occur in much the same way as terrestrial landslides, but usually on much shallower gradients. For example, it is not uncommon for failures to occur on slopes of less than 5 degrees. 

Submarine slides can occur over a wide range of scales, but generally involve much greater areas and volumes than terrestrial slides. For example, while the largest known terrestrial slide is ~80 km3, the famous Storegga Submarine Slide off the coast of Norway involved volumes in excess of 3000 cubic kms, an area of around 95,000 square kms and a run-out that reached all the way to the coast of Iceland.

The consequences of submarine landslides can include damage to seabed infrastructure, subsidence of coastal areas, and the generation of tsunamis.

SML have a number of possible triggering mechanisms, including things such as earthquakes, weak layers, sea-level change and so on.




BACKGROUND

Australian coastline vulnerable - 85% of population & much critical

infrastructure <50 km offshore
Cause + Potential of submarine landslides NOT determined
Australia’s tectonic setting — passive, geologically stable margin

Recent investigations = many large, geologically young (< 20 ka)
submarine landslides
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The Australian coastline is particularly vulnerable to the consequences of SML, given that around 85% of the population & much of the critical infrastructure is located within 50 km of the shoreline

However, due a low coverage of the Australian margin, the Cause of submarine landslides & Potential for future failures in the region has been NOT yet been determined

The Australian margin presents an interesting site for the study these events – it’s geological setting – that is, of a passive and tectonically stable margin – suggests that the prevalence and associated threat of SMLs would be quite low. 

However, recent investigations of the margin indicate that many large, geologically young submarine landslides occur over the entire length of the continental slope
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Now looking at the characteristics of the SE Aust Margin…



SOUTHEAST AUSTRALIAN MARGIN

GENERAL CHARACTERISTICS OF THE MARGIN
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The SE Australian continental margin extends about 1500km northward from Bass Strait to the Great Barrier Reef and fronts the Tasman Sea

It is a passive margin that is narrow, steep and sediment-deficient, with relatively low rates of modern sedimentation 

As you can see from the image, the margin tends to alternates between plateaus & heavily incised regions 

You can either side of this plateau section in the middle of the image a number of large canyons cutting into the slope sediments
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Slope gradients along the margin vary between an average of ~6-7deg for the canyon regions to 2-3deg on the plateaus 

The submarine landslides are associated with the continental slope, with upper slope failures occurring in water depths of around 500-1000m
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DATA SET

e Southern Surveyor Research
Cruise SS2008-12
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The data for my project was collected on board the CSIRO research vessel, the Southern Surveyor



SOUTHEAST AUSTRALIAN MARGIN

DATA SET

e Southern Surveyor Research
Cruise SS2008-12

e ~13,000 km? of Multibeam
Echosounding (MBES) & high-
resolution Topas sub-bottom
profiling data

Southern Surveyor SS12 2008 Topaz Line 22b (15.05 UTC to 15.30 UTC)

Two-way Travel Time
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…and consists of a combination of high-resolution multibeam bathymetric and sub-bottom profiling data

…along with 12 gravity cores, 16 usable dredges and 8 grab box 



SOUTHEAST AUSTRALIAN MARGIN

STUDY AREA
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The study area is located off the SE Aust coast, on the upper continental slope, off northern New South Wales and southern Queensland.
CLICK
Using the new high resolution multibeam data, 3 specific submarine landslides have been investigated, primarily due to the recovery of 8 gravity cores within these slides. 
The top 2 slides are the Coolangatta and Cudgen slides, located on the southern end of the Nerang Plateau. The bottom slide is the Byron slide, which is located within the southern canyon region of the study area
CLICK
Importantly, 3 of the 8 gravity cores collected from within these slides are believed to have actually penetrated the recent sediment drape to sample on and beneath the slide plane, giving us a unique insight into the sediment making up the sliding surface.
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These images present an oblique view of the 3 slides and the location of the GCs that are thought to penetrate the slide planes
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Now looking at the results from our recent investigation…


RESULTS

SLOPE MORPHOLOGY

« Combination of sub-bottom profiles & multibeam bathymetry data

Southern Surveyor SS12 2008 Topaz Line 22b (15.05 UTC to 15.30 UTC)

WEST

Conformable
) sequence \
00 - - :

Chaotic
"o sequence

EAST

-
3

®
]

Two-way Travel Time

B E &8 B 8 B

« Slide feature — widespread erosional features



Presenter
Presentation Notes
In order to determine the type and extent of slides on the margin, the slope morphology has been investigated using a combination of the sub-bottom profile and multibeam bathymetric data

We find that slide features are widespread over the entire margin, an example of which is shown here in this sub-bottom profile image. You can see the conformable sediments above a slumped chaotic sequence.
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We also found that the larger slides, those that occur within the canyon regions, volumes range from less than half to over 20 cubic kms. Slopes range from around 3-7 deg, although the headwalls and sides of the slides commonly display gradients greater than 17 deg, and yet still remain standing. No detectable slide debris can be found close or adjacent to the slopes
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SLOPE MORPHOLOGY]}

Shallow failures
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The shallow slides that occur on the plateau section of the margin are widespread and occur on slopes of less than 2 deg.
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The next set of results are the sediment properties…
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Next I’d like to go through the sediments properties of these 3 gravity cores which presenting slide plane or boundary features that I mentioned earlier

This image shows each of these 3 cores, along with a zoomed in section of the slide plane boundary. Bulk radiocarbon ages taken from each core are also shown in yellow, however I will talk about these later on.



FAILURES ON THE CONTINENTAL SLOPE

“THE BOUNDARY FEATURE"

Strong visual
difference

Sediment
noticeably
firmer below

Note: Dashed line denotes slide plane boundary
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Taking a closer look at the boundary features, you can see that they are clearly distinguishable in all 3 cores. There is an easily identified colour change, along with a distinct, down-core increase in stiffness across the boundary surface
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I am only going to focus on the results from GC12 and the Bryon Slide today, however all three cores presented similar trends
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The image here shows again the location of GC12 within the Bryon Slide and the general morphology of the slide site
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Looking at sediment grainsize as you move down the core and across the boundary feature, there is no obvious change 
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Similarly, carbonate and organic carbon content also remain fairly uniform across the boundary 
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However, when you look at the geotechnical properties of the sediment, you can see an obvious change or disconnection between the sediments ago and below. The values in present a very distinct break across the boundary surface. 
CLICK
This change in the values of moisture content, bulk density, unit weight are consistent with the burial and compaction of the sediment below the boundary of by at least 200 m of overburden.
CLICK
The idea is supported when you look again at the location of GC12 within the Byron Slide. If you maintain the adjacent slopes across the slide site and replace the apparently missing material, you can see that approximately 200 m of sediment is now missing. 
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The next set of results are the radiocarbon age dates…



FAILURES ON THE CONTINENTAL SLOPE

RADIOCARBON DATING
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Bulk radiocarbon ages were used to establish minimum age constraints for the slide plane sediment.
2 important results come from these ages:
Firstly, dating across the boundary feature in GC12 shows that a significant time gap exists across the boundary, which helps to confirm our interpretation of two distinct sediment units. Sediment sampled directly above the slide plane dates at around 15 thousand years, while sediment directly below dates at around 47 thousand years or radiocarbon dead. 
Secondly, ages from sediment just above the slide surfaces in GC8 and GC11 returned similar dates of around 20 thousand years. These two slides are separate but adjacent features; the similar age of the post-slide sediment from both cores is consistent with the slides being simultaneous events, with a common trigger.
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By combining the results from the sediment testing and morphology of the slides, a stability analysis was then carried out…
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Classical stability analysis suggests the slopes are all inherently stable 
CLICK

As you can see, modeling of the slide sites returned FoS values much in excess of 1. 

FoS is the ratio of the restoring forces to the disturbing forces, with stable slopes having FoS>1; unstable slopes, FoS<1; critically stable slope, FoS=1.

This apparently stability of the slopes is inconsistent with the widespread presence of slope failures in the study area.
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Additionally, the effect earthquakes might have on the slopes was tested by applying pseudo-static, seismic loading to each of the models. 

In order to reduce the FoS values below 1 and make the slopes unstable, ~0.3g accelerations in both the horizontal and vertical directions were required.
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Now we will take a quick look at some conclusions from these results…


CONCLUSIONS

1. SLIDE PLANE BOUNDARY SAMPLED

2 units - distinct difference in burial signature
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Firstly, we believe that the 3 GCs presented today did in fact penetrate the slide plane 


CONCLUSIONS

1. SLIDE PLANE BOUNDARY SAMPLED
2 units - distinct difference in burial signature
2. YOUNG

Sediment <21 ka directly above the 3 inferred failure surfaces
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Second, the radiocarbon ages suggest that the slides are geological young features
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Third, it appears that the slides on the SE Aust margin are big and everywhere. Multibeam data shows that slides of various sizes are evident all along the margin
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2. YOUNG
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Conventional slope stablility analysis suggests the upper slope should be
stable
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Fourthly, classical stability modeling suggests that the slopes on the margin should be inherently stable  
However, this is clearly not the case given the widespread slope failures present on the margin. 


CONCLUSIONS

1. SLIDE PLANE BOUNDARY SAMPLED

2 units - distinct difference in burial signature

2. YOUNG

Sediment <21 ka directly above the 3 inferred failure surfaces

3. BIG & EVERYWHERE

Widespread slide features suggest slides are geologically frequent
4. SHOULD BE INHERENT STABILITY

Conventional slope stablility analysis suggests the upper slope should be
stable

- THEREFORE...PROCESS WE DON'T UNDERSTAND (YET)

External process causing slopes to failure
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THEREFORE…
So ultimately, we believe that there is an external process, one which we do not fully understand yet, acting on the sediment for this margin to cause these otherwise stable slopes to fail. 

Whatever these events may be, they would have to be 
something that either dramatically reduces the strength of the sediment,
something that causes a long-term modification of the slope-geometry in order to promote slope failure OR
a seismic events which is large enough to trigger sediment collapse
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I’d like to finish by thanking you for your attention and support of my project

I will be using this award to help me attend the 34th IGC in Brisbane next year, where I will be presenting some of my current results

Thank you


QUESTIONS?

1. Dramatically reduces the strength
of the sediment
2. Causes a long-term modification

of the slope-geometry In order to
promote slope failure OR

3. Seismic events which is large
enough to trigger sediment
collapse
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PRELINIMARY RESULTS AND IMPLICATIONS

RADIOCARBON DATING

Table 1 "C dating results of bulk sedimentary organic carbon samples. All samples were taken from above the inferred
slide plane boundary except for sample S52008-12/GC12/1B-88.

Conven- 14C Median cali- 20 calibrated age
Depth tional C % brated range
LabCode —— Core ) age CrTOT™ age (20) (BP) (95.4% probability)
(BP) (BP)
$52008- GC8 6 4,157 +45 42295  40795-43795

12/GC8/1C-6/D

S§52008-
12/GC8/2B-85/D GC8 85 17,732 +95 20,699.5 20,2495 -21,1495

SS2008- .
12/GC11/1C-3 GCl11 3 3,763 +44 3,699.5 3,569.5-38295

$S2008-
e e GCl 206 17417 491 19.849.5 — 20,449 5

SS2008-
12/GC12/1B-5 GCl12 5 3,207 +51 30245 2,859.5-3,189.5

S52008-

12/GC12/1B-81  GC12 81 13,463 +77

15,799.5 15,1495 - 164495

SS2008-
12/GC12/1B-88

*Quoted errors are 1 standard deviation

GC12 88 44,288 +1205 473995 / 45,1495 - 49,6495




PRELINIMARY RESULTS AND IMPLICATIONS

RADIOCARBON DATING
Eustatic Sea Level Change

- Possible link between
triggering submarine slides .
and sea-level lowstands '
and/or rise limbs?

B A
A\ ,m

-80
|/ q V
=100
15.8k (GC12 above slide)
20,1k (GC11 above slide) 120
20.7k (GCA above slide) 1 -

474k (G012 below slide)
T T -140

Relative sea-level (m)

450 -400 -350 -300 -250 200 -150 -100 -50 0
Years before present (thousands) Data from Waelbroeck et al. 2002




PRELINIMARY RESULTS AND IMPLICATIONS

MODELLING INPUT DATA AND BACK ANALYSIS RESULTS

Table 1 Numerical input parameters used for modeling the slides with GEO-SLOPE/W. The friction angle (@) repre-
sents the friction component of the soil strength and the apparent cohesion (c’) represents the cohesive component of
the soil strength.

Parameter Unit Input value range
Unit weight () kN/m? 15-17
Apparent cohesion (¢’) kPa 0-22
Friction angle (d) ° 0-40

Table 2 Back analysis GeoSlope outputs: a summary of the factors of safety (FoS) for the Byron slide arising from re-
ducing ¢ and @ is shown in Table 2. Critical FoS are underlined. The Coolangattal and Cudgen slides follow the same
trends.

Cohesion Friction an-

Site Scenario description (kPa) gle () FoS (lowest)

40 6.19

30 4.26

Residual Q()hcsinl],dccmasing 0 15 1.98

friction angle
7.5 0.97
Byron

Slide 375 0.48
11 8.8

Peak friction angle, decreasing 55 40 78

cohesion 275 7928

1.375 6.98




PRELINIMARY RESULTS AND IMPLICATIONS

SLOPE STABILITY MODELLING
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STUDY AREA

* Widespread erosional features

« SE Australian margin has relatively little sediment

* Slowly increasing slope due to abyssal plain subsidence
« Sedimentation rates: 0.3-1.2m/10,000years

* Retrogressive gravity driven failures (Glenn et al, 2010)




SUMMARY

Numerous large landslides have been detected on the SE Australian
continental slope.

Slopes average 1° to 9°

Friction angles 37° to 40°, no evidence of weak clay layers

Factors of Safety should be high

Triaxial tests indicate brittle material response

Largest failures (20 km3) could generate significant tsunami

Most recent failures at time of last glaciation, at sea level minimum
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