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Tracking the Turbidity Maximum Zone  
in the Gironde estuary (SW France)  

based on continuous monitoring and radionuclides 

Sabine Schmidt , A. Sottolichio, H. Derriennic, G. Chabaud, 

P. Lebleu, H.-K. Saari, P. Castaing 

UMR 5805 EPOC, CNRS – Univ. Bordeaux  

https://www.epoc.u-bordeaux.fr/intranet/images/logo_oasu_grandb.gif
http://www.univ-bordeaux.fr/index.html
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the largest estuary of the European Atlantic coast 

 

170 km long 

625 km2 surface area 

mean discharge : 1000 m3 s-1 

 

two main tributaries : Garonne / Dordogne  

 draining a watershed area of 71 000 km2 

 

transitional waters important as nursery for juvenile and  a pathway for 

migratory fishes (eel, salmon, sturgeon) 

 

 

  

 
 

 170 km 

 625 km² surface area 

Tidal asymmetry influence 

Long residence 
time of waters 

Turbidity Maximum Zone (TMZ) 

Suspended Particulate 
Matter (SPM) 
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 a macrotidal estuary 

 

 asymmetrical propagation of tidal wave + length of the estuary 

 

  

      

long residence times of  water (20 – 86 days) 

      fine particles ( > 1 year) 

       depending of river discharges 

      

a highly concentrated turbidity maximum zone (TMZ) 

 

  particle concentration > 1 g L-1 in surface waters 
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basic mechanisms of the TMZ formation and dynamics well known (Allen and 

Castaing 1973; Castaing and Allen, 1981) 
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the TMZ moves  

along the estuary axis 

according to  

the water discharge 
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the TMZ moves  

along the estuary axis 

according to  

the water discharge 

  

 

Estuarine particulate material is flushed in the Bay of Biscay under extreme 

hydrological conditions, including: 

  series of floods, high water discharges (> 3,000 m3 s-1) and spring tides  
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the TMZ moves  

along the estuary axis 

according to  

the water discharge 
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but a lack of knowledge about: 

- the TMZ occurrence in the fluvial section 

- seasonal trends of TMZ in response to long-term changes on hydrology. 

 

the TMZ moves  

along the estuary axis 

according to  

the water discharge 
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Annual mean  discharge of the Gironde 

Over the last decades, there is a marked decrease of the annual mean 

discharge of the Gironde: 
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The Garonne is the main tributary of the Gironde. 

There are also evidences of recent changes in Garonne discharge: 

  an increase in the duration of low-water periods  a decrease in flood intensity.  
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Number of days the Garonne discharge, during the period 1959-2012, is: 
 

< 100 m3 s-1 

 
 3200 m3 s-1 

 (biennal flood) 
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The Garonne is the main tributary of the Gironde. 

There are also evidences of recent changes in Garonne discharge: 

  an increase in the duration of low-water periods  a decrease in flood intensity.  
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Number of days the Garonne discharge, during the period 1959-2012, is: 
 

< 100 m3 s-1 

 
 3200 m3 s-1 

 (biennal flood) 

 

Are these changes likely to affect notably the presence of the turbidity maximum 

zone in the tidal river, at a distance > 100 km of the mouth of the Gironde estuary ? 
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highly impacted by human activities: 

 > 60 hydropower dams in the upper watershed 

 land use, agriculture 

  

 heavy metal pollution (Cd, former mining and smelting activities upstream) 

  prohibiting shellfish production 

 hypoxia events close to Bordeaux in summer during low water periods 

  

 increasing occurrence of TMZ in the fluvial section 

  changes in dredging   

 

 

 
 

The Gironde estuary (S-W France) changes 
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highly impacted by human activities: 

 > 60 hydropower dams in the upper watershed 

 land use, agriculture 

  

 heavy metal pollution (Cd, former mining and smelting activities upstream) 

  prohibiting shellfish production 

 hypoxia events close to Bordeaux in summer during low water periods 

  

 increasing occurrence of TMZ in the fluvial section 

  changes in dredging   

 

 

 
 

 growing interests 

 

 in understanding the mechanisms controlling the fate of 

particles and of associated contaminants in this 

watershed 

 in evaluating the long-term evolution of particulate 

export to the coastal ocean. 

The Gironde estuary (S-W France) changes 
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to improve the knowledge of the estuary functioning, encompassing the 

aspects of hydrology, sediment dynamics and biogeochemistry. 

 

 

- Long-term dataset: a automatic continuous monitoring network 

(MAGEST) has been implemented in the Gironde estuary in 2005; 

 

- Use of radionuclides to estimate particle residence time 

 

 
 

Different strategies to investigate the Gironde estuary 
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The MAGEST network: 

4 automated stations that measure each 10 mn: 

 - temperature 

 - salinity 

 - turbidity 

 - dissolved oxygen  

 

in surface waters  

In the central estuary (1) 

In the fluvial sections (3) 



 S
E

D
N

E
T

 2
0
1
3
 –

 6
-9

 N
o
v
e
m

b
e
r 

2
0
1
3
, 

L
is

b
o
n
 P

o
rt

u
g
a
l 

The MAGEST network: 

data transferred each 6 hours to a website of the University of Bordeaux 

 

http://www.magest.u-bordeaux1.fr.  
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Tidal cycles 

Etcheber et al  (2011). Monitoring water quality in estuarine environments. Hydrol. Earth Syst. Sci. 
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Lanoux et al, (2013). Factors contributing to hypoxia in a highly turbid, macrotidal estuary (the Gironde, France). 

Environ. Sci.: Processes Impacts, 2013, 15, 585–595 
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Lanoux et al, (2013). Factors contributing to hypoxia in a highly turbid, macrotidal estuary (the Gironde, France). 

Environ. Sci.: Processes Impacts, 2013, 15, 585–595 
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(daily-mean) 

Schmidt (2013). MAGEST newsletter. 
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l Radionuclides as tracers of particle dynamics in aquatic system 

Simplified cycle of  7Be and 210Pb         

7Be (53 days) and 210Pb (T1/2 = 22.3 years)  

produced in the atmosphere  

Adsorption and erosion 

short half-life 

strongly bound to particulate matter 
appropriate tracers to study short-

term particle transport  

λ 

λ 

λ 
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Changes in AR = 

-  Age of suspended particles 

-  Mixing of « young »  7Be particle with old (7Be-

deficient) resuspended particles 

7Be/210Pb – particules 

7Be/210Pb – reference 
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   (Matisoff et al, 2005) 
 

Model to derive age or residence time of particles from 7Be / 
210Pbxs Activity Ratio (AR) 
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Occurrence of TMZ upstream and river discharge: 
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Record of a large flood in June 2, 2013 
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In conclusion: 
      

In the Gironde estuary, continuous monitoring and radionuclides 

confirm that TMZ and particle residence times are controlled by 

river discharge. 

The continuous monitoring had allowed to precise the fluvial 

discharge levels that control the position of the TMZ.  

This results demonstrates that in a context of fluvial discharge 

decrease, the TMZ will stay longer in the fluvial section. 
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In conclusion: 
      

These results are explained and 

discussed with local public and 

private agencies to assist the strategic 

choices for the management of the 

estuary (newsletter, annual report, 

meeting, data transmission ..) 
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Development of the network 
      

   

       

      

    

LIBOURNE 
(nov. 2004 -) 

BORDEAUX 
(mars 2005 -) 

PAUILLAC 
(juin 2004 --) 

PORTETS 
(nov. 2004-janvier 2012) 

VERDON 
(2014) 

CADILLAC 
(août 2013) 
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En résumé sur le transfert particulaire le long du continuum 

fluvio-estuarien de la Gironde, basé sur le bilan des radioéléments 


