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Mixing Curve

Assumes end-members are constant over 
the flushing time of the estuary

Salinity is a conservative 
constituent in estuaries and is a 
good indicator of mixing

Constituent plotted against salinity 
to determine if distribution is 
attributable to mixing processes 
(as opposed to non-conservative 
processes; nutrient uptake, 
flocculation, biodegradation, etc.)

If concentration vs. salinity is 
LINEAR, then the chemical/particle 
exhibits conservative behavior

If plot of concentration vs. salinity 
is NOT LINEAR, then the 
chemical/particle exhibits NON-
conservative behavior

Non-conservative mixing
(source)

Non-conservative mixing
(sink)





Elegantly laid out by Morris (1985):

“estuaries are classical examples of complex thermodynamically open 
systems, subject to constantly changing input and output fluxes and to 
continuous internal chemical reactions…” which do not usually reach a 
steady-state equilibrium

Many important reactions & processes are identified

BUT, still difficult to predict process rates & fluxes because of a lack of 
information on speciation of trace metals, kinetics of reactions, microbial 
activity, and heterogeneous nature of dissolved and solid phases

This leads to a heavy reliance on salinity as a conservative index for 
mixing & comparison 

Pitfalls can include defining end-members, role of tributaries, and mixing 
of different water masses along the estuary 



Mixing Diagram 

Examples

(from Day et al. 1989)

Mixing line 
assumptions:

Concentration & flux 
are constant

Only 2 significant end-
members



https://www.youtube.com/watch?v=Gfch_b45zoQ#action=share



Wetlands Are the Interface Between 
Terrestrial and Aquatic Systems

• Terrestrial 
(dry) systems 
tend to have 
medium NPP, 
high + NEP

• Wetlands 
have high 
NPP, 
+ or - NEP

• Aquatic 
systems have 
low NPP, 
- NEP

Drained wetlands or aquatic systems are 
major sites of “old C” oxidation

Export

NPP = net primary production

NEP = net ecosystem production (P-R)





Drained Soil vs. Flooded Soil



Example: Changing Composition in 
Flooded Soils
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What about pCO2 along a salinity gradient then? 
Is this a mixing line or something different?



(in Bianchi 2007)

Highest pCO2 is found in the lowest salinity waters (<10), 
with Corresponding CO2 fluxes 20->250mol m-2 y-1.

Marsh “CO2 pump”





Data from several points 
up-river

An Example of Seasonal Effects





Expected:

Measured:

The Mid-estuary Turbidity Maximum

Turbidity max is due to 
both 1) chemical 
flocculation and 2) 
sediment resuspension



A Mid-estuary Trap for 
Riverborne Material
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Note tidal 
asymmetries

Particle Distribution vs. Estuary Type



Effects Of The Mid-estuary Particle 
Maximum

1. Scavenging of surface-active materials

• 70-100% of riverine Fe is removed (most at low salinity)

• 60-80% of humic acids are removed

• 5% of total DOM is removed

2. Increased turbidity

• Lower primary production

• Reduction of photochemical reaction rates

3. Enhanced transport rates downstream / offshore

• Enhanced sedimentation rates downstream / offshore



Estuarine Plumes on the Continental Shelf

cacique.uprm.edu/gers/anasco_plume.jpg 
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Estuarine Plumes on the Continental Shelf



Estuarine Plumes on the Continental Shelf





An Estuarine Summary


