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Sediment fingerprinting approaches offer potential to quantify the contribution of different sediment sources, evaluate catchment 
erosion dynamics and develop management plans to tackle reservoir siltation problems.
In the last 30 years, sediment source fingerprinting investigations have expanded greatly related to a growing need for information on 
sediment sources and to technological advances which facilitate such work (Walling, 2013).

Barasona reservoir in the Central Spanish Pyrenees. 

Purpose: quantify the Isábena basin contributions of possible sediment sources as a preliminary approach of a new data 
processing methodology.

Session HS9.7/GM7.7/SSP3.1.17/SSS7.10: 
Revisiting techniques for quantifying sources and travel times of fine 

sediment from catchment to coast 

Study area: 
Isábena basin
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Conclusions

350 t/km2 year specific sediment yield from bathymetric surveys 
in the Barasona reservoir (period 1932-1996; Sanz-Montero et al. 1996). 

Rugged topography
•agricultural uses •forests
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Siltation problems
(Valero-Garcés et al. 1999; Navas et al. 2009)

Study area

Multivariate mixing model solved with Monte Carlo:

Written in C programming language 

•How to generate uniformly distributed values to sum unity

Solutions characterized by the goodness of fit:

Designed to:

New approach for Monte Carlo solution

Common procedure:

•Climate: mountain type, wet and cold

Standard sediment source fingerprinting procedure:
a) statistical analysis of differences to identify a subset of tracer properties that discriminate the sediment sources

b) use of multivariate mixing models for each selected tracer property to estimate the proportional contributions from each source

Sources n samples
n composite 

samples
Agricultural 36 9
Forests 72 18
“Matorral” 16 4
Subsoils 20 5

In this preliminary approach, stepwise Discriminant Function Analysis (minimization of Wilk´s lambda, SPSS)  To test the ability of 
fingerprint properties to discriminate between the potential sediment sources  Selects optimum composite fingerprint

The preliminary results using this new data processing methodology for samples collected in the Isábena River flood plain allowed us 
to identify agricultural fields as main potential sources of sediments to the flood plain. 

3 composite flood 
plain samples

Option1    Setting a GOF  Different number of possible representative 
solutions for each sediment sample
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These results support the application of the fingerprinting methodology in the Isábena catchment enabling a better understanding of the 
sediment production contributing to the siltation of the Barasona reservoir.

jx  uniform randomly generated values in the interval [0,1]1−m

121 ...0 −<<< mxxx•Sort the values so that:
•And set:  
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Possible solutions:

Option2    User-defined top number solutions  equivalent 
population of solutions for all sediment samples but different GOF

jx
jia ,

ib

tracer property i in source type j (j=1 to m) 

relative contribution of source j

tracer property i (i=1 to n) in the sediment 
sample

• uniformly distributed • not uniformly distributed

•Are all samples equally solved?
Depending on the nature or variability characteristics of the sources and 
sediment samples it could happen that:

•Samples do not fit the assumption mixture
•Samples have more favorable combinatorial numbers than others

Cs137 Bi Ni Fe Al V Cr

deliver a user-defined top number of possible solutions

DFA  optimum composite fingerprint 

Our method uses uniformly distributed random values

multiple unmixing samples evaluation

GOF = 80 % Sample 1 Sample 2 Sample 3 Sample 4

n solutions - - 85 2728

This method is argued to ensure a similar set of representative solutions in all unmixing cases based on likelihood of occurrence.

generate uniformly distributed solutions

Monte Carlo:
100 top results 

106 generated iterations
3 sediment samples  

The method is user friendly and facilitates calculations of the second part of the fingerprinting procedure.

% Agricultural Forests Subsoils “Matorral”
Sample GOF x sd x sd x sd x sd

A 78 96 1 2 2 1 1 1 1
B 81 82 2 1 1 16 2 0 0
C 78 62 1 2 1 36 1 1 1

Input filet  run method
directly generated from .xls file  

(copy+paste)

•lower GOF  (option 2)
•mean and standard deviation contribution for each source

36 fingerprint 
properties: 
analyzed in 
the < 63 µm 
sediment 
fraction

Fingerprint properties n

mass activities of environmental radionuclides 5

total organic carbon 1

textural classes 3

elemental composition 25

magnetic susceptibility 2

reproducibility analysis user-defined “seed”

from the user-defined top number solutions: 

Isábena 
River

Ésera 
River

River junction

Flood plain

Flood plain

Online version: in progress

•Hydrologic regime: transitional pluvial–nival

Contributing rivers to Barasona reservoir: Ésera River and Isábena River 

The Isábena basin, with a surface of 445 km2, contributing around 30 % of sediment yield to the Barasona reservoir
(Alatorre et al. 2010; Palazón and Navas, in revision)

•100 % of the samples correctly classified
•Wilk´s lambda 0.012

144 individual samples  to characterize the signatures of potential 
sediment source materials combined in the field 
27 samples of sediments deposited in the Isábena flood plain near the 
Isábena and Ésera rivers junction  for comparison with sediment sources

Collected from 0 to 5 cm depth  high stoniness and surface soil roughness in the study soils
Flood plain sediments  at the junction of the Ésera and Isábena rivers likely related with high flows when the 
reservoir capacity is full might create conditions for deposition of fine sediments

Generating uniformly distributed random values guarantees that all possible solutions were equally tested.

Solving the method by a user-defined top number solutions ensures that the unique solution for all unmixing cases 
are generated with equivalent populations of random values.

x: source contribution
sd: standard deviation

Example: 106 iterations
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Main sediment sources of the basin:

•“matorral” •badlands and subsoils

• agricultural uses

• badlands (included in subsoils source)
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