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Abstract

The urgency to mitigate global climate changes caused by the increased greenhouse gas
emissions especially from the large amount of CO; greenhouse gases released from burning the fossil
fuels and industrial process has highlighted the interest in a developing study of Carbon Capture,
Utilization, and Storage (CCUS) technologies to reduce atmospheric CO- levels around the world
(Bachu, 2000; Singh et al., 2024). Approach for CO, Storage through various geological formations
such as Depleted hydrocarbon Fields, Deep Saline Aquifers, Coal Seams, and Basalt formations hold
the potential for geological sequestration of CO,. CO2 Mineralization is an one such techniques for the
sequestration of CO; through mineral carbonation processes via various mineralization methods
especially In-situ, Surficial and Ex-situ CO, Mineralization which has the potential to store CO; gases
as Carbon storage for long-term stability in the Geological conditions (Bhavsar et al., 2023; Kirmani
et al., 2024). The CO; Storage through the Igneous Mafic Basaltic rocks offers a particular promising
pathway among geological storage options due to their ability to convert CO: into stable, solid
carbonates through mineral carbonation and due to their fast reaction rate with the other minerals. The
Presence of divalent cations especially the Mg®" Fe?** AI** and Ca®" in the Basalts hold the potential
for rapid CO, Mineralization compared to the Sedimentary rocks (Ajayi et al., 2019; Kim et al., 2023;
Kirmani et al., 2024; Raza et al., 2022; Singh et al., 2024). The study targets the India’s Deccan Traps,
one of the world’s largest continentals flooded volcanic provinces, has an immense potential
capacity—estimated at several hundreds of gigatons—for permanent CO, Storage. Yet, despite this
potential, there are currently no pilot or commercial-scale CCUS projects targeting Deccan basalt
formations. For CO: storage as a supercritical fluid, target formations must exceed CO:'s critical
pressure and temperature (7.4 MPa, 31.1°C), requiring injection depths over 750 m. Only 28% of
Deccan basalt meets this, limiting suitable injection locations. Imposing significant geographical
constraints on available injection locations. Also, Dike swarms in the Deccan Traps form vertical
barriers, limiting horizontal connectivity. Regions with basalt at suitable CCS depths align with high
dike prevalence, challenging the feasibility of sustained CO:injection (Prasad et al., 2009; Rani et al.,
2013; Raza et al., 2022; Singh et al., 2024). This study aims to assess the feasibility of CO.storage in
Deccan basalt by investigating the favorable sites, establishing the reaction Kinetics, trapping
mechanisms specifically focusing on the carbonation rate of basaltic minerals like calcium and
magnesium silicates under varied temperature, pressure, and fluid saturation conditions. The influence
of CO; Mineralization through chemical trapping mechanisms especially a.) Solubility and b.) Mineral
trapping hold the potential for injection of CO gases in the Basaltic rocks as carbon storage for long-
term stability (Kim et al., 2023; Lu et al., 2024; Massarweh & Abushaikha, 2024; Matter & Kelemen,
2009; Rani et al., 2013; Raza et al., 2022; Zhang & Song, 2014). The methodology of the study
includes selecting suitable sites and locations through geological field scale observations, geological
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mapping, collection of rock samples from a particular location and examining them with Laboratory
experiments such as rock characterization (XRD, SEM, ICP-OES) analysis with Stubbs and powdered
rock samples; petrophysical properties (porosity & permeability) with cored rock samples; rock
strength/integrity (UCS & BTS & TTS) with cored rock samples will be studied by the cycle of pre
and post injection of CO; gases in the rock and brines using Core flooding experiments and batch
reactor experiments where appropriate temperature, pressure and conc. of CO, conditions is
maintained to evaluate the changes in the petrophysical properties, dissolution and precipitation rates,
carbonation rates of calcium and magnesium silicates in basalts and quantify CO- trapping rates
(Hellevang et al., 2013; Hellmann & Tisserand, 2006; Jiang, 2011; Kwon et al., 2011; Maskell et al.,
2015; Pham et al., 2011; Steefel et al., 2005; Wilkinson et al., 2009). Transforming CO.into solid
minerals forms the structural integrity of resulting carbonate formations, which can prevent leakage.
Expected outcomes of the study include establishing geochemical & geo-mechanical parameters such
as rock characterization, injection rates, mineralization, geochemical reactions, strength & integrity,
petrophysical properties, stress/strain rates using acoustic emissions & pulse wave velocity,
establishing a scalable storage model such as Reactive Transport Modelling, which will enhance to
generate scalable protocols for CO: injection and developing a robust monitoring framework in the
Basalt rock formations for upscaling into pilot-scale projects. The anticipated outcomes include
identifying suitable injection sites, possible mineralization potential of CO, & developing protocols
for scalable storage and providing a framework for the development of India’s future CCUS projects,
advancing India’s commitment to climate action and sustainable resource management industry
standards. In the long term, effective implementation will require comprehensive monitoring of CO:
storage sites to ensure environmental safety, assess containment integrity, and refine storage
methodologies. This research will establish protocols for long-term monitoring, setting the foundation
for India’s transition toward sustainable carbon management and positioning the Deccan Traps as a
critical asset in global climate mitigation efforts.

References

Ajayi, T., Gomes, J. S., & Bera, A. (2019). A review of CO2 storage in geological formations
emphasizing modeling, monitoring and capacity estimation approaches. In Petroleum Science
(Vol. 16, Issue 5). China University of Petroleum (Beijing). https://doi.org/10.1007/s12182-019-
0340-8

Bachu, S. (2000). Sequestration of CO2 in geological media: Criteria and approach for site selection
in response to climate change. Energy Conversion and Management, 41(9), 953-970.
https://doi.org/10.1016/S0196-8904(99)00149-1

Bhavsar, A., Hingar, D., Ostwal, S., Thakkar, 1., Jadeja, S., & Shah, M. (2023). The current scope and
stand of carbon capture storage and utilization ~ A comprehensive review. Case Studies in
Chemical and Environmental Engineering, 8, 100368.
https://doi.org/10.1016/J.CSCEE.2023.100368

Hellevang, H., Pham, V. T. H., & Aagaard, P. (2013). Kinetic modelling of CO2-water—rock
interactions. International Journal of Greenhouse Gas Control, 15, 3—15.
https://doi.org/10.1016/J.1J0GGC.2013.01.027

Hellmann, R., & Tisserand, D. (2006). Dissolution Kinetics as a function of the Gibbs free energy of
reaction: An experimental study based on albite feldspar. Geochimica et Cosmochimica Acta,
70(2), 364-383. https://doi.org/10.1016/J.GCA.2005.10.007

Jiang, X. (2011). A review of physical modelling and numerical simulation of long-term geological
storage of CO2. Applied Energy, 88(11), 3557—-3566.
https://doi.org/10.1016/J. APENERGY.2011.05.004

Kim, K., Kim, D., Na, Y., Song, Y., & Wang, J. (2023). A review of carbon mineralization
mechanism during geological CO2 storage. Heliyon, 9(12), €23135.
https://doi.org/10.1016/j.heliyon.2023.e23135

4™ Carbon Capture and Storage Conference Asia Pacific
30 June — 2 July 2025 « Kuala Lumpur, Malaysia



EAGE

Kirmani, F. U. D., Raza, A., Ahmad, S., Arif, M., & Mahmoud, M. (2024). A holistic overview of the
in-situ and ex-situ carbon mineralization: Methods, mechanisms, and technical challenges.
Science of the Total Environment, 943(January), 173836.
https://doi.org/10.1016/j.scitotenv.2024.173836

Kwon, S., Fan, M., Dacosta, H. F. M., Russell, A. G., & Tsouris, C. (2011). Reaction kinetics of CO2
carbonation with Mg-rich minerals. Journal of Physical Chemistry A, 115(26), 7638—7644.
https://doi.org/10.1021/JP2040899/ASSET/IMAGES/MEDIUM/JP-2011-040899_0004.GIF

Lu, P., Apps, J., Zhang, G., Gysi, A., & Zhu, C. (2024). Knowledge gaps and research needs for
modeling CO2 mineralization in the basalt-CO2-water system: A review of laboratory
experiments. Earth-Science Reviews, 254(October 2023), 104813.
https://doi.org/10.1016/j.earscirev.2024.104813

Maskell, A., Kampman, N., Chapman, H., Condon, D. J., & Bickle, M. (2015). Kinetics of CO2-fluid-
rock reactions in a basalt aquifer, Soda Springs, Idaho. Applied Geochemistry, 61, 272—283.
https://doi.org/10.1016/j.apgeochem.2015.06.010

Massarweh, O., & Abushaikha, A. S. (2024). CO2 sequestration in subsurface geological formations:
A review of trapping mechanisms and monitoring techniques. Earth-Science Reviews,
253(October 2023), 104793. https://doi.org/10.1016/j.earscirev.2024.104793

Matter, J. M., & Kelemen, P. B. (2009). Permanent storage of carbon dioxide in geological reservoirs
by mineral carbonation. Nature Geoscience 2009 2:12, 2(12), 837-841.
https://doi.org/10.1038/nge0683

Pham, V. T. H., Lu, P., Aagaard, P., Zhu, C., & Hellevang, H. (2011). On the potential of CO2-
water—rock interactions for CO2 storage using a modified kinetic model. International Journal
of Greenhouse Gas Control, 5(4), 1002-1015. https://doi.org/10.1016/J.1JGGC.2010.12.002

Prasad, P. S. R., Srinivasa Sarma, D., Sudhakar, L., Basavaraju, U., Singh, R. S., Begum, Z., Archana,
K. B., Chavan, C. D., & Charan, S. N. (2009). Geological sequestration of carbon dioxide in
Deccan basalts: preliminary laboratory study. Current Science, 96(2), 288-291.

Rani, N., Pathak, V., & Shrivastava, J. P. (2013). CO2 Mineral Trapping: An Experimental Study on
the Carbonation of Basalts from the Eastern Deccan Volcanic Province, India. Procedia Earth
and Planetary Science, 7, 806-809. https://doi.org/10.1016/j.proeps.2013.03.069

Raza, A., Glatz, G., Gholami, R., Mahmoud, M., & Alafnan, S. (2022). Carbon mineralization and
geological storage of CO2 in basalt: Mechanisms and technical challenges. Earth-Science
Reviews, 229(April), 104036. https://doi.org/10.1016/j.earscirev.2022.104036

Singh, R. K., Nayak, N. P., Kumar, S., & Vishal, V. (2024). A critical meta-analysis of CO2-water-
rock interaction in basalt for CO2 storage: A review based on global and Indian perspective.
Marine and Petroleum Geology, 168(March), 107002.
https://doi.org/10.1016/j.marpetgeo.2024.107002

Steefel, C. I., DePaolo, D. J., & Lichtner, P. C. (2005). Reactive transport modeling: An essential tool
and a new research approach for the Earth sciences. Earth and Planetary Science Letters, 240(3—
4), 539-558. https://doi.org/10.1016/J.EPSL.2005.09.017

Wilkinson, M., Haszeldine, R. S., Fallick, A. E., Odling, N., Stoker, S. J., & Gatliff, R. W. (2009).

CO2-Mineral Reaction in a Natural Analogue for CO2 Storage—Implications for Modeling.
Journal of Sedimentary Research, 79(7), 486—-494. https://doi.org/10.2110/JSR.2009.052

Zhang, D., & Song, J. (2014). Mechanisms for geological carbon sequestration. Procedia IUTAM, 10,
319-327. https://doi.org/10.1016/j.piutam.2014.01.027

4™ Carbon Capture and Storage Conference Asia Pacific
30 June — 2 July 2025 « Kuala Lumpur, Malaysia



	CO2 Mineralization Potential in the Basalts of Deccan Volcanic Provinces (DVP) India: Case Study on Geochemical and Geo-mechanical Properties
	Sarika Kumari1*, P.K. Hariharan2, Riyali Patle3, Abhishek Verma4
	1ONGC Videsh Ltd., Tower B,5, Nelson Mandela Marg,Vasant Kunj, New Delhi, Delhi 110070, India.
	Corresponding Author: Sarikakumari13579@gmail.com
	Abstract
	The urgency to mitigate global climate changes caused by the increased greenhouse gas emissions especially from the large amount of CO2 greenhouse gases released from burning the fossil fuels and industrial process has highlighted the interest in a de...
	References

