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Sediment (dis)connectivity: 
Taking theory towards measurement and 

application



Context & outline
 Focus on sediment (dis)connectivity (not hydrological).

 Briefly present the Buffers, Barriers and Blankets (3B’s) 
framework.

 Demonstrate how we have measured sediment 
(dis)connectivity using geomorphological methods.

 Briefly demonstrate how the information has been used in 
river management.

 For discussion later on in working group?? 

– Usefulness of the 3B’s framework as a conceptual basis for assessing 
sediment (dis)connectivity and links to analysis of hydrological (or 
other forms of) (dis)connectivity.

– Considering how to resolve cross-scalar interactions of sediment 
coupling and connectivity as defined by Bracken et al. (2015).

– Advancing/amending the 3B’s framework to move towards 
measurement and use (so we do not keep reinventing the wheel!).



What is sediment connectivity & why is it 
important?

 The water mediated transfer of sediment between two 
compartments of the catchment sediment cascade (e.g. 
slopes, channels, floodplains, reaches etc.) (e.g. Fryirs et al, 2007, 

Fryirs, 2013).

 Examining the strength of linkages (sediment entrainment, 
transport and deposition) between these compartments 
allows us to quantify and model the sediment cascade (flux), 
and whether it is connected or disconnected (e.g. Bracken et al. 

2015). 

 Understanding catchment-scale sediment fluxes is 
increasingly used in river management applications
– Determining from where sediment be sourced for river recovery? (e.g. Brierley 

and Fryirs, 2005)

– Forecasting whether disturbances of various types will be manifest in 
systems, and where impacts may be felt? (e.g. Fryirs and Brierley, 2001).



Spatial (dis)connectivity in catchments
(probably should now be termed coupling?? Bracken et al. 2015)

 Can be measured relative to the number and position of 
sediment sinks (or blockages) that restrict sediment input 
to, and sediment movement along, the primary sediment 
conveyor belt. 

 We have called these buffers, barriers and blankets.

 Measured as the effective catchment area …. the area (or 
proportion) of a catchment that contributes to, or transports 
sediment along, the sediment cascade.

 Is one control on propagation of change and disturbance -
from where will sediment be sourced and will disturbance 
be manifest?



Buffers

Flinders Ranges, SA

Wingecaribee swamp, NSW

Intact valley fills

Piedmont zones/Fans

• Prevent sediment from 

reaching the channel zone

Macdonald River, NSW

Trapped tributary fills

Lower Bega River, NSW

Dams

• Prevent sediment 

movement along 
river channels

Sediment slugs

Gordon River, Tas

Barriers

Fines in interstices of 
bars

Floodplain sediment 
sheets

Blankets

King River, Tas

• Smother other 

landforms



Temporal (dis)connectivity in catchments

 Dependent upon the extent to which 3B’s are acting as 
blocking agents (or switches) along the sediment cascade. 

 Measured as the effective timescale of (dis)connectivity.

 Over what magnitude-frequency spectra are the blockages 
being formed and reworked?

 Over what timeframes is the system being reconfigured
through formation and/or reworking of 3B’s?

 Putting spatial and temporal (dis)connectivity together is 
analogous to switching on and off different parts of 
catchments under different conditions…………………



Switches in catchments

Must recognise that the position & type of blockage changes over time, so 
the configuration of the system is not static. It changes after every 

geomorphically effective flow/disturbance!

From
Fryirs et al.
2007



Measuring (dis)connectivity using the 3B’s framework

 Measuring effective catchment area of (dis)connectivity

– Upper Hunter catchment, NSW (presented here)

 Mapping 3B’s and flow accumulation modelling of effective catchment 
area (bedload)

 Sediment tracing to establish fine-grained (dis)connectivity

 Modelling effective timescales of (dis)connectivity

– Lockyer Valley, Queensland (presented here)

 Model sediment erosion-deposition patterns and dynamics for flows of 
varying recurrence interval and test against known flood events.

– Upper Hunter and Murrumbidgee catchments, NSW (not 

presented)

 Date the residence time of buffers, barriers and blankets (using OSL 
and U-series) to determine when they were formed and the recurrence 
of reworking (see Fryirs and Gore, 2014  in Geomorphology; Dosetto
et al. 2010 in Geology).



Effective catchment area of sediment 
(dis)connectivity

Upper 
Hunter 

catchment



Upper Hunter catchment, NSW

Catch. area = 4200km2

location of
colmation layer

New 
England 
Fold belt 

sediments

Sydney 
Basin 

sediments



Mapping and modelling procedure
(see Fryirs et al., 2007 b)

 Buffers, barriers and blankets digitised using high resolution 
aerial photographs.

 Simulate the conditions under which coarse material (sand and 
gravel) may move off slopes & along channels.

 Slope threshold analysis in GIS is based on the simple 
assumption that slope angle (gradient) controls delivery of 
sediments to the channel - 2° slope chosen after range of 
iterations tested.

 Limitations 

– Is very basic and is not linked to hydrological connectivity or 
entrainment-transport-deposition dynamics of 3B’s or compartments.

– Does not determine if sediment is available to be moved (sediment 
budget required).

– Does not quantify the volumes of sediment moving.



Mapping the distribution of buffers and barriers in 
the upper Hunter catchment (from Fryirs et al, 2007 a, b)

Buffers

Low slope, highly
sinuous, competence
limited channel

Dam

Sediment slug



Simulated 
bedload 

sediment (dis)-
connectivity

Barriers

WEAKLY
CONNECTED

DISCONNECTED

STRONGLY
CONNECTED

Effective catchment area for bedload
(from Fryirs et al. 2007 a, b)

Pattern of 
(dis)connectivity is 
controlled by 
position of natural 
and anthropogenic 
blockages.

Use this 
information to 
make assessments 
of the extent to 
which disturbances 
within the 
catchment will 
have off-site 
impacts (either 
positive or 
negative).

•52% of catchment
disconnected due to
buffers
•90% is disconnected
when barriers are 
added

27%

46%
33%

53%

68%

52%



Using sediment tracing to analyse
fine-grained (dis)connectivity 

dynamics
 In catchments where fine-grained sediment 

supply has increased due to human 
disturbance, understanding sediment 
provenance and the (dis)connectivity of supply 
allows practitioners to target sediment source 
problems and treat them within catchment 
management plans.

 Colmation layers are fine-grained sediments 
that clogs the interstices of gravel bed rivers, 
impeding the vertical exchange of water and 
nutrients that drives ecosystem function in the 
hyporheic zone.

 Channel expansion into floodplains has been a 
significant source of fine-grained sediment in 
the UHC since European settlement (Fryirs et al. 

2009).

surface colmation layer

subsurface colmation layers

From Fryirs & Gore (2013)



Lab and data analysis
 PANalytical Epsilon 5 spectrometer (XRF)  

and a X’Pert Pro MPD diffractometer
(XRD)

 Identified elements in XRF samples, and 
minerals from XRD scans using 
PANalytical's software and databases.

Analysis

 XRF - Ratios for immobile elements 

(Al, Rb, Zr and Ti) used to identify groups.

 XRD - Two types of Euclidian distance 
cluster analysis:

– Primer 6.0 - analysis of dominant, 
crystalline minerals only to reduce 
‘noise’

– HighScore Plus – analysis of both the 
strongly crystalline and poorly ordered 
minerals to detect any ‘sub-clusters’ Requires matching pattern lines to 

peaks to identify the minerals.

Dikite        Albite       Pyrope       Quartz



Results: XRF & 
XRD
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Dart, Middle, Kingdon

Pages

Hunter trunk

Rouchel, Davis

Study reach fplain

Study reach colmation

Hunter tribs

Isis

Study reach floodplain
& colmation

Rouchel, Davis,
Hunter tributaries

Dart, Middle, Kingdon

Tribs east of fault (Rouchel 
Brook, Davis Creek and Hunter 
tributary sites) are separate from 
tribs west of the fault (Dart Brook, 
Middle Brook and Kingdon).
Eastern tribs are primary 
sediment sources to colmation 
layer.

From Fryirs & Gore (2013)

Cluster Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Clusters 6-9

Sub-
catchment 
source area

Dart, Middle, 
Kingdon, upper 
Pages

Isis and lower 
Pages

Hunter trunk and 
tributaries, 
Rouchel, Davis

Kingdon upper Pages 4 x outlier 
samples

Sample 
character-
istics*

28 catchment 
samples only

12 catchment 
samples
1 floodplain
2 colmation

60 catchment 
samples
17 floodplain
15 colmation

18 catchment 
samples
1 floodplain
1 colmation

1 catchment sample
1 floodplain

1 catchment 
sample each

Dominant 
mineral in 
cluster

Quartz, Anorthite
(Feldspar)
Diopside
(Pyroxene)
Augite (Pyroxene)

Quartz, Augite
(Pyroxene)

Quartz, Albite
(Feldspar)
Muscovite (Mica)

Quartz, Diopside
(Pyroxene)
Albite (Feldspar)

Quartz, Albite
(Pyroxene)
Anorthite (Feldspar)

Quartz, 
Weathered 
clays (Mont-
morillonite, 
Kaolinite, 
Nontronite)



Results on a map!
83 % of colmation 
samples are similar to 
those east of the Hunter-
Mooki (cluster 3 -yellow).

Added poorly ordered 
minerals  to separate 
samples in cluster 3 (92 
of the 161 samples).

In cluster 3, 80 % of 
colmation samples are 
similar to sediments from 
Rouchel Brook and Davis 
Creek, 20 % are similar 
to areas upstream of 
Glenbawn Dam (closed in 
1958).

From Fryirs & Gore (2013)



Effective timescales of sediment 
(dis)connectivity

Lockyer 
Valley

Murrumbidgee 
catchment

(not presented today)

Upper Hunter 
catchment

(not presented 
today)



Lockyer 
valley, 

Queensland

 CA = 3000 km2

 Steep, bedrock 

headwater reaches 

along upper Murphy’s 

Creek

 Low slope, wide, open 

alluvial plains 

downstream (2-13 km)

 2011 flood peak 

discharges 

Headwaters - 361.5 m3s–1

Mid-valley - 3642 m3s–1

End-of-catchment - 2976 

m3s–1
Macrochannel  – channel within channel morphology



Methods (Thompson et al. in press)

 DEM of Difference (DoD) used to quantify elevation 

change of surfaces for each 1 m2 DEM cell and calculate 

volumetric changes in sediment erosion and deposition.

 Analysis only undertaken along the trunk stream of 

Lockyer Creek, not the tributaries.

From Croke et al. (2013) 



 Expansion reaches = areas where flood flow spilled onto the 

floodplain

 Contraction reaches = areas where flow was contained within the 

boundaries of the macrochannel

Flow expansion and contraction reaches in 
the 2011 flood (Croke et al. 2013)

From Croke et al. (2013) 



 CILa = log10 ((FAd/FAt) df) – 4.5

 Ratio of floodplain deposition (FAd) to total fp

area (FAt) x net fp deposition (df)

 Values > 0 = lateral connectivity

Lateral sediment (dis)connectivity index (channel-
floodplain) (Thompson et al. in press)

Lateral linkage



 CIL = (Ei/Di) 100

 Ratio of gross reach erosion (E) to gross reach deposition (D) 

for the i th reach

 Values > 100 = longitudinal connectivity

 Reach export volume = difference between reach deposition & 

erosion + export from u/s reach

Longitudinal sediment (dis)connectivity index 
(reach-to-reach) (Thompson et al. in press)

Lateral linkage

Longitudinal linkage

Combining the 2 linkages = understanding of 

sediment cascade dynamics



Net erosion & deposition in 2011 flood (DoD output)

 2,269,069 m3 of sediment was 
eroded along the main-stem and 
2,991,310 m3 was deposited.

 Catchment net deposition of 
approximately 722,242 m3

 Deposition occurred on floodplains 
of expansion reaches (where flows 
went overbank) and volumes 
increased as you move d/s.

 Macrochannel (banks) were the 
primary source of sediment. 
Erosion occurs where flows were 
confined to the channel 
(contraction reaches).From Thompson et al. (in press) 



Lateral (dis)connectivity

2011 flood - ARI = 100 – 2000 y

 CILa values greater than 0 = 

lateral connectivity (i.e. 

sediment transfer from 

channel to fp) = expansion 

reaches

 CILa values less than 0 = 

lateral disconnectivity (i.e. no 

sediment transfer to fp) = 

contraction reaches

Only certain floodplain compartments receive sediment from channels.

From Thompson et al. (in press) 



Longitudinal (dis)connectivity

 CIL values greater than 100 = longitudinal connectivity (i.e. sediment 

transfer d/s) = contraction reaches

 CIL values less than 100 = longitudinal disconnectivity (i.e. sediment 

storage) = expansion reaches

 Expansion reaches act as sediment sinks while contraction reaches 

are sediment source & transport zones.

 Reach export diminishes d/s = inefficiency of sediment transfer = 

longitudinal disconnectivity = low end-of-system yield.

Expansion 
reaches
sequest 
sediment

From Thompson et al. (subm) 

Contraction 
reaches
transfer 
sediment



But, the pattern of 
(dis)connectivity changes 

with flood frequency 
(effective timescale of 

disconnectivity)

 At (A) low-moderate events 
(when flows are confined to 
the macrochannel) are the 
most efficient at transferring 
coarser sediment 
downstream. Catchment 
sediment conveyor belt is 
connected.

 When the floodplain becomes 
active, from (B) to (D) 
coarser sediment is deposited 
on floodplains and 
longitudinal transfer of 
sediment decreases. Big 
floods are inefficient. 
Catchment sediment 
conveyor belt becomes 
disconnected.

From Thompson et al. (in press) 



Conceptual model for management

 Less-than macrochannel bankfull
flows result in sediment 
reworking and transfer 
downstream (catchment is 
connected).

 To reduce end-of-catchment 
yields requires that the floodplain 
is used to sequestrate (store) 
sediment.

 Management implications –

1) cease levee construction 

2) increase instream (macroch.) 
vegetation to increase roughness 

3) reactivate floodplains, where 
possible, to sequestrate sediment

• For more detail see (Thompson et al. (2014) & 
Thompson et al. (in press).

From Thompson et al. (in press) 



Conclusion

 The concept of (dis)connectivity in catchments provides 
a basis for examining the internal dynamics of sediment 
cascades.

 We still face significant geomorphic challenges to fully 
understand the internal dynamics of catchment sediment 
cascades. 

 Don’t throw the baby out with the bath water – we can 
still use traditional geomorphic techniques to unravel 
sediment cascades, but use technology to refine our 
understandings and tackle important questions across 
scales – and check your data in the field before using it 
in management!





Buffers, Barriers and Blankets (3B’s) framework

 Bracken et al. (2015) make an important and 
useful distinction between coupling and 
connectivity.

 (De)coupling 

– based on the configuration of the morphological system 
(position and effect of blockages (3B’s))

 (Dis)connectivity 

– based on the continuum (operation) of the cascading 
system (switches concept).


