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This talk

• Can sediment fingerprinting be used as a tool to address 
connectivity-related questions in river catchments?

Outline:

• A brief background to sediment fingerprinting

• Potential for measuring sediment connectivity

• Some key challenges in applying the technique

• A connectivity tool?



Some background

• Sediment fingerprinting involves:

(i) selecting tracers to discriminate 
pre-identified sources

(ii) un-mixing contributions from those 
sources to sediment transported 
downstream

• Sources include land uses, 
geological zones, subsoil, 
landscape features

• Tracers include geochemical, 
radionuclide, magnetic, organic, 
colour properties

• Most applications focus on fine-
grained sediment (<63, <10 µm)

Walling (2013) review

Significant growth over the last 40 years
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Potential for measuring sediment connectivity

• Link upstream sources to sediment transported downstream

• Measure time-varying contributions from sources

• Provide an integrated measure of lateral and longitudinal sediment 
connectivity in river networks

BUT

• Distinguishing primary sources versus remobilised material from secondary 
sources is a challenge (under investigation, e.g. Belmont et al, 2014)

• Connectivity timescale limited to measurement period

• Lack of explicit capture of process or structural controls (just the outcome)



Critique of the ‘status quo’

• Recent work (2 years) has challenged underlying assumptions and 

data processing used by many sediment fingerprinting studies

• More generally, criticisms related to:

(i) ‘black box’ approach with lack of transparency in data presentation, 

processing and limitations

(ii) unrealistically low uncertainty in source contribution estimates reported 

by some studies

Smith et al (2015), Preface to special issue on ‘Advances in Sediment Fingerprinting’,  Journal of Soils 

and Sediments (Oct 2015)



Some challenges in applying the technique

Key questions:

1. What is the basis for source discrimination and tracer selection?

2. Do tracer properties change between source material in situ and 

sediments transported downstream?

3. What is the effect of data treatments on predicted source 

contributions?



Source discrimination and tracer selection

• Why are source soil properties different?

– Vertical controls (pedogenic processes, pollution)

– Parent material

• Environmental basis for source discrimination unclear in many studies

• Tracer variability between sources must exceed variability from other factors

Uncultivated agricultural soils, Smith & Dragovich (2008)



Agricultural catchment Smith (2007)

Burnt forest catchments, Smith et al (2011)

Pre-selection of tracers:  fallout radionuclides 

- Surface vs. subsoil



Selection without prior knowledge: composite fingerprints

• Statistical selection procedures (e.g. Kruskal-Wallis, DFA, PCA):

– dimension reduction to visualise source groupings

– minimise the number of tracers used for un-mixing (Collins et al, 1997)

• However, recent work found inclusion of more tracers actually reduced errors 

compared to known artificial mixtures (Sherriff et al 2015)

Sherriff et al (2015): reduced source groupings 
down to (1) channels, (2) roads, (3) fields

Smith et al (unpublished)
E.g. Source groupings less distinct



Land use sources: where fingerprinting can break down…

• Field rotation: reduces difference between ‘pasture’ and ‘cultivated’ source groups due to 
vertical soil mixing

• Cultivated sources can resemble a sediment mixture comprising pasture and channel banks

Smith & Blake (2014)



Tracer non-conservativeness

• Key assumption: selected tracers 
behave conservatively during 
transport (or non-conservative 
behaviour is predictable)

• Tracer concentrations enriched or 
depleted during transport

• Factors influencing conservativeness:

– Chemical properties of individual 
tracers

– Particle size and organic matter 
selectivity

– Environmental conditions (pH, redox)

– Pollution

– Residence/transit time
Koiter et al (2013), ESR



Problems associated with non-conservative behaviour….

• Changes in sediment particle size (Specific Surface Area) or organic matter (TOC) due to 
(i) selective transport, (ii) differences between sources or (iii) un-sampled sources

• Changes in particle size and organics can affect tracer concentrations

• Many studies have applied corrections to compare source and sediment tracer data

Smith & Blake (2014)



• Tracer  corrections 
assumed a positive 
linear relationship 
between Specific 
Surface Area (SSA) or 
organic content and 
geochemical tracer 
concentrations

• However, these 
relationships are 
inconsistent across 
different tracers

• Such corrections may 
produce large, 
unjustified changes in 
predicted source 
contributions (up to 
±45%)

Smith & Blake (2014)
Specific surface area (SSA, m2 g-1)



Sediment fingerprinting: a connectivity tool?

Answer to question at the start:

• Yes, but with caution and reference to key assumptions…

• It is not a viable method in all environments

– problems with poor source discrimination or non-conservative behaviour

– consider source types, catchment heterogeneity, sampling protocols

• Do not accept predicted source contributions uncritically

– greater transparency in data handling is essential

– complement with other measurements if possible

• Unjustified corrections to tracer datasets a problem

– some previous studies may contain significant unquantified errors

– must consider the physical and chemical basis of tracer property behaviour
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