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Flow and reaction pathways
Flow and reaction pathways

Chemical 
weathering reactions

Si stable isotopes (𝛅30Si) and Germanium (Ge/Si) to trace silicate 
weathering pathways



Introduction Groundwater 
Ages

Weathering 
signatures

Sagehen 
Creek Results What's to 

come

Flow and reaction pathways
Flow and reaction pathways
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Modified from Kurtz et al. (2001)

Si stable isotopes (𝛅30Si) and Germanium (Ge/Si) to trace silicate 
weathering pathways
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Silicon Stable Isotopes (δ30Si)
• Silicon isotope fraction is not affected 

by bedrock dissolution
• Sensitive to both clay formation
• Amorphous Silica can reach 

equilibrium on time scales of weeks 
(SO FAST)!

Ge/Si
• Ge/Si tends to be enriched in bedrock 
• Ge behaves like Si, can be incorporated 

into clays
• On long timescales, can replace silicon 

in clay minerals
• Useful to providing context to δ30Si 

measurements!

Silicate Weathering Tracers
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CA

Eel River CZO

Southern Sierra CZO

Sagehen Creek

• Sagehen Creek is a small, montane 
catchment found in the Central Sierra 
Nevada

• It receives about 850mm of annual 
precipitation 
• ~80% of which is snow

•  Its elevation ranges from 2663m to 
1877m at the USGS station

• Underlying lithology is comprised of 
mixed volcanics (basaltic andesite) 
and granodiorite

Kirchner et. al., (2020)
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• Dr Laura Rademacher has done 
extensive work at Sagehen Creek, 
looking at groundwater ages of 
spring waters, and stream waters 
across the watershed since 1997

• They found that pH, temperature, 
and major cations correlate with 
water ages



Rademacher et. al., (2005), Rademacher et. al., (2001)
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Old

• Dr Laura Rademacher has done 
extensive work at Sagehen Creek, 
looking at groundwater ages of 
spring waters, and stream waters 
across the watershed since 1997

• They found that pH, temperature, 
and major cations correlate with 
water ages

YoungOld

Young
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*Savage et al., 2012

Average Granitoid δ30Si Composition
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Average Granitoid δ30Si Composition

*Savage et al., 2012
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δ30Si of the stream is ‘heavy’!

*Savage et al., 2012

Average Granitoid δ30Si Composition
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Why is δ30Si enriched compared to bedrock? 

*Savage et al., 2012

Average Granitoid δ30Si Composition

Introduction Groundwater 
Ages

Weathering 
signatures

Sagehen 
Creek Results What's to 

come

Historical Range of DSi



Let’s look at Ge/Si!

*Savage et al., 2012

Average Granitoid δ30Si Composition
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Ge/Si is low compared to bedrock! Implies δ30Si is due to clay formation!

*Savage et al., 2012

Average Granitoid δ30Si Composition
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Key Findings
1. Ge/Si ratios are low, while 

δ30Si is high
2. Suggests stream water is 

supplied by older 
groundwater

3. These results are in 
agreeance with apparent 
groundwater ages!
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Future Work:
1. Look at seasonal variation of both 

Ge/Si and δ30Si
2. Focus on daily variation of 

streamflow to better understand 
contributions from riparian zone 
vs deep groundwater

A B

Alkalinity

Ca2+

SiO2

Ca2+
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• Dr Laura Rademacher has done 
extensive work at Sagehen Creek, 
looking at groundwater ages of 
spring waters, and stream waters 
across the watershed since 1997

• They found that pH, temperature, 
and major cations correlate with 
water ages



Dr. Zach Meyers

• Mean groundwater ages of the 
springs range from 28 years 
(baseflow) to 15 years 
(snowmelt)  
• (Rademacher et al., 2005) 
• (Manning et al., 2012)

• There is a significant 
groundwater aquifer with 
groundwater circulation 
depths exceeding 100m based 
on geothermal data
• (Brumm et al., 2009)
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