Assessing seasonal controls in silicon cycle and isotopic signatures of
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Sampling sites (South India)
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Image showing three sampling locations, a) Godavari basin in
Andhra Pradesh, b) Berambadi aa agricultural catchment and

c) Mule Hole a pristine forested catchment, both in Karnataka.




Fig 1. The 680 vs 6D plot for the groundwater and rainwater samples
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Sampling Site Season Equation R2
March 6D = 6.46 (£0.4) = 6180 + 2.30 (+1.2) 0.94
Berambadi GW
August 0D = 6.60 (+£0.6) * 6180 + 3.85 (+1.8) | 0.86
March 0D = 6.41 (£1.2) * 6180 + 5.91 (£3.6) | 0.77
Mule Hole GW
August 6D = 8.44/(4£0.9) * 6180 + 13.35 (£2.6) 0.92
Mule Hole Rainwater (LMWL) 6D = 7.04 (+0.3) * 6180 + 10.37 (+2.1) | 0.97
Global Meteoric Water Line (GMWL) 8D = 8 * §180 + 10 (Craig, 1961)

Table 1. The 680 vs 6D relationship for the groundwater samples and the LMWL along with the R?
value.



Water Isotopes in Groundwater

e Stable isotope of water molecule was investigated to understand the groundwater recharge
process i.e. monsoon input under two land use conditions; higher water use through irrigation in
an agricultural region and a tropical forest watershed.

* The 60 values ranges between -2 and -4 %o for groundwater whereas the rain water displayed a
wider range from -1 to -12 %o.. Local Meteoric Water Line (LMWL) include rain water collected
during July, August, September, October and January from Mule Hole.

* Except the Mule Hole August, slope of 6180 vs. 6D values for all groundwater samples closely
followed LMWL indicating a direct recharge from local present day precipitation.

* Significantly lower intercept (d-excess) values (<5%o) in the samples from Berambadi (cultivated)
Mar, Aug and Mule Hole (Dry forest) Mar is due to kinetic evaporation during groundwater
recharge (Négrel et al 2011). Extensive irrigation in the cultivated region leads to irrigation return
flow which can cause higher evaporation in both seasons and lower d excess value compared to
Mule Hole.
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Fig 2. Variations in 63°Si across sampling sites during March 2019
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Fig 3. Compilatioin of 63°Si vs Re index in Groundwateri
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Si isotopes in Groundwater and Weathering

* Groundwater samples from Berambadi and Mule Hole collected during August doesn’t show any
significant difference in the 63°Si values. Surface water 639Si values were slightly heavier compared
to groundwater data.

* Groundwater from Mule hole had a similar range in 63°Si and lower Re index values (2.3) to that of
earlier study from the same region by Riotte et al 2014, while Godavari sample mostly confined to
higher Re index (4.3) and Berambadi (3.1) ranged in between.

* Preliminary data suggest no significant differences between the 63°Si of groundwater from forested
catchment (Mule Hole) and intensely cultivated catchment (Berambadi).

* Compilation of all groundwater silicon isotope data shows no correlation with weathering intensity
proxies such as Re index, DSi/(Na+K), DSi/Na and DSi (not shown) unlike the data from surface
water samples reported by Mangalaa Thesis 2016 and Frings et al 2016.
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Fig 4. Variations in Ge/Si in groundwater and surface water samples
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Ge/Si ratio in groundwater

* Ge/Si ratio in groundwater varied from 0.4 to 4.2 mmol/mol, and the surface water had lower
values ranging from 0.1 to 0.96 mmol/mol.

* There is no significant differences in Ge/Si ratio between groundwater from highly irrigated
Berambadi region and forested Mule Hole watershed. We also didn’t observe any seasonal
variability between the groundwater samples from three sites.

* Weathering products such as secondary minerals (clays) and iron oxy-hydroxides are enriched in
Ge compared to primary rock making Ge/Si a proxy for weathering intensity.

» All the groundwater samples from Mule Hole showed a lower Re index (<3) and Ge/Si ratio (<1),
but the Berambadi and Godavari groundwater showed two distinct patterns; one with
intermediate Re index (2.5-4) and higher Ge/Si ratio (1.5-3.5) and another with high Re index
(>3.5) and lower Ge/Si ratio (<1).
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Fig 6. 83°Si and Ge/Si plotted against groundwater depth 12



Conclusion and Future works

Preliminary results suggest no significant difference in Si isotopes values and Ge/Si ratio
between groundwater from agricultural and forested catchment.

639Si values were lighter for groundwater compared to surface water from the region but no
significant variations were observed in between study sites. 63°Si also values showed greater
variations for shallow groundwater (<10m) and a lower confined value for the deeper.

Preliminary results of groundwater analysis from Berambadi (cultivated), Mule Hole (forested)
and Godavari sampled during March revealed no correlation between 63°Si and Ge/Si ratio. We
are yet to perform 63°Si measurement of groundwater and surface water samples in August
from all three study sites.

Further analysis including Sr and Ca isotopes together with major and trace element data would
refine our understanding of Si biogeochemistry in groundwater and the changes associated with
land use.

13



References

Boeglin J. L. and Probst J. L. %99_8) Physical and chemical weathering rates and CO2 consumption in a tropical lateritic
environment: the upper Niger Basin. USDA For. Serv. - Gen. Tech. Rep. RMRS-GTR 148, 137-156.

Craig H. (1961) Isotopic variations in meteoric waters. Science (80-. ). 133, 1702-1703.

Ehlert C., Reckhardt A., Greskowiak J., Liguori B. T. P., Boning P., Paffrath R., Brumsack H. J. and Pahnke K. (2016)
Transformation of silicon in a sandy beach ecosystem: Insights from stable silicon isotopes from fresh and ‘saliné
groundwaters. Chem. Geol. 440, 207-218.

Frings P. J., Clymans W., Fontorbe G., De La Rocha C. L. and Conley D. J. (2016) The continental Si cycle and its
Impact on the ocean Si isotope budget. Chem. Geol. 425, 12—-36.

Georg R. B., West A. J., Basu A. R. and HaIIida}t/] A. N. (2009) Silicon fluxes and isotope composition of direct
gr(_)ulrjdt\{vaztg?3 dés,?ch%ge into the Bay of Bengal and the effect on the global ocean silicon isotope budget. Earth Planet.
ci. Lett. 67—

Mf\ngalaa thesis 2016, Silicon biogeochemical cycle along the land to ocean continuum: Focus on Indian monsoonal
estuaries

Negrel P., Pauwels H., Dewandel B., Gandolfi J. M., Mascré C. and Ahmed S. (2011) Understanding groundwater
systems and their functioning through the study of stable water isotopes in a hard-rock aquifer (?\/Iaheshwaram
watershed, India). J. Hydrol. 397, 55-/0.

Opfergelt S., Burton K. W., Po%ge von Strandmann P. A. E., Gislason S. R. and Halliday A. N. (2013? Riverine silicon
Isotope variations in glaciated basaltic terrains: Implications for the Si delivery to the ocean over glacial-interglacial
intervals. Earth Planet. Sci. Lett. 369-370, 211-219

Pog%e von Strandmann P. A. E., Porcelli D., James R. H., van Calsteren P., Schaefer B., Cartwright |., Reynolds B. C.
and Burton K. W. (2014) Chemical weathering processes in the Great Artesian Basin: Evidence from lithium and silicon
isotopes. Earth Planet. Sci. Lett. 406, 24-36

Riotte J., Maréchal J. C., Audry S., Kumar C., Bedimo Bedimo J. P,, Ruiz L., Sekhar M., Cisel M., Chitra Tarak R.,
Varma M. R. R,, Lagane C., Reddy P. and Braun J. J. 32014) Vegetation impact on stream chemical fluxes: Mule Hole
watershed (South India). Geochim.’Cosmochim. Acta 145, 116-138.

14



