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Observations at various scales

> US Hydrologic
Benchmark
Network

> Plot Scale




USGS Hydrologic Benchmark
Network

> Range of bedrock types,
but mostly granitic

> Undeveloped basins
> N =59

e Map of USGS HBN sites
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Big Thompson River, _(;Zolorado



Simple Mixing

2 Component

500 1000 1500

Discharge Discharge




Concentrations vary much less
than discharge (streamflow)

Merced River near Yosemite, California

k/ Simple dilution: C~1/Q
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> Note log-log scale

From Godsey, Kirchner, and Clow, in prep.
Concentration-discharge relationships reflect chemostatic
characteristics of catchments



Concentrations Invariant at
Annual Scale as well

Merced River near Yosemite, California

<«— Simple dilution: C~1/Q
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Slope of log C:log Runoff provides clues NN
» Slope = -1 for simple dilution e

From Godsey, Kirchner, and Clow, in prep.



Concentrations Invariant at
Annual Scale as well

Merced River near Yosemite, California

<«— Simple dilution: C~1/Q
L

Concentration (ppm)

- - u » "
chemostat = o« —j=uw = = —u B —p— = —1Slope =0

Annual water yield (cm/yr)

Slope of log C:log Runoff provides clues SO .

o Slope = 0 for perfect chemostat

From Godsey, Kirchner, and Clow, in prep.



Most HBN basins show
chemostatic behavior
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Simple dilution: C~1/Q, slope =-1 Magnesium (mean annual concentrations)
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All HBN sites, alphabetically by name

> Consistent with transport control on weathering rate
> But, outlet chemistry solutions are far from saturation...

From Godsey, Kirchner, and Clow, in prep.


Presenter
Presentation Notes
Seasonality of flow causes variations in flushing rate.
There also may be a large unsaturated zone.
Macropore/micropore flow leads to variations in chemistry.


“Put a grain of feldspar in a beaker of water
and stir for 10> years”

Tim Drever

> Weathering reaction will
slow down as solution
approaches saturation




“Put a grain of feldspar in a beaker of water
and stir for 10> years”

Tim Drever

> Weathering reaction will
slow down as solution
approaches saturation

> How long does it take?




Flowpath length matters

Nanocatchment
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> Equilibrium length (E)) is length
required to achieve saturation

> If flowpath > E,, weathering reactions
will be transport controlled

> Equilibrium length varies by mineral

g o o #

e Eicacite < Eabite

Nanocatchment (3m x 3m)



There Is a distribution of residence times
and saturation indices in natural systems

> Advection dominates In
Macropores

> Diffusion dominates at
Internal sites

> Mechanism may switch at
Intermediate sites
depending on flow rate



Presenter
Presentation Notes
See Brantley 2004, p. 89.


2-dimensional Model of Saturation
State for Plagioclase

Flow Direction ——
o~ > Heterogenous

permeability causes
spatial variations in
saturation state

> Leading to transport-
control of reaction
rates in areas close to
saturation

200 300 » Residence time is key
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From Steefel, 2008

Geochemical Kinetics and Transport, Ch. 11 in Kinetics of Water-Rock Interaction, Brantley, Kubicki, White. eds.



Some Water Is Surprisingly Ola

Blue — CFC12
Red — CFC11
Green — CFC113

10 100
Average residence time ir

» There are a range of water ages

» And a range of solute

concentrations and saturation “ o
indices T R AT S O RS R S


Presenter
Presentation Notes
Samples were collected in early August, 2005. 
Exponential Increase in Water Age with Depth


Other Chemostatic Processes

> Variable reactive
surface area

o \Water table variations

> Fast reactions

o« Amorphous
aluminosilicates

o Cation exchange

> Flushing of pore
water




Punch Line

» Fluxes proportional to
runoff

» Wetter climate = higher
weathering fluxes

» Higher weathering fluxes
= greater CO,,
consumption 100

Runoff (cm)

2NaAlSi;Og + 11H,0 + 2CO, = 2Na* + 2HCO4 + 4H,SIO, + Al,Si,O-(OH),
Albite kaolinite



Conclusions

» Watersheds exhibit
Chemostatic behavior

» Processes may include:
® Chemical Affinity effect

® Variable reactive surface
area

® Cation exchange

® Seasonal
precipitation/dissolution
of amorphous
aluminosilicates

» CO, consumption
proportional to runoff

Funding provided by USGS Water, Energy, Biogeochemical Budgets (WEBB) program,
USGS Hydrologic Benchmark program, National Science Foundation, Miller Institute for
Basic Research in Science



35S ndicates up to 40% of water
IS <1 year old

» Water isotopes also indicate lots of young water


Presenter
Presentation Notes
It is commonly assumed that sulfur moves fairly conservatively through the watershed because soils are not well developed.
Under this assumption, the % new sulfate value represents a minimum for the young water component.
Trouble is, we know the assumption is not strictly correct based on 18O-SO4 data, which indicates that some sulfur is cycled (probably through biota).
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Rates are slower In field and in saturated

columns than In fluidized-bed reactors
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Rate (picomoles m?s™)

> Probably reflecting transport control Iin
columns

o Chemical affinity effect


Presenter
Presentation Notes
Replace photo w graph showing rates in column and FBRs from dissertation.


SI Fluxes are Proportional to
Runoft

Precipitation/Runoff (mm)
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> Fig 6 from White and Blum, 1995
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