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Background and Motivation

Monitoring the Dynamic Evolution of Petrophysical Properties During Calcite Precipitation Using 
Geophysical Tools 

• Induced calcite precipitation within ooids significantly alters the pore structure 
and porous media properties, thereby diversifying fluid transport behavior.

• The evolution of induced calcite precipitation at column scale can be successfully 
observed by using spectral induced polarization (SIP) geophysical tool. 

• SIP responses from carbonate system that is experiencing calcite precipitation in 
aragonite ooids are more complicated than that from clastic and artificial 
homogeneous media. However, there are some similar characteristic signals 
captured from all systems.

• Perform a different setup to induce calcite precipitation by co‐injecting Na2CO3

from side and CaCl2 into column that is pre‐saturated with CaCl2 solution. The 
new setup will be used to investigate how fluid transport behavior affected by 
alternating pore geometry and connectivity of pores.

Figure 6. Modified The column is pre-saturated with CaCl2 solution and co-injecting Na2CO3 injection from the top and 
CaCl2 from left. 

Figure 5. 2D Pseudo-velocity profile simulation inside column using Paraview. No porous media is embedded into the 
simulation, boundary condition at the left is not defined. Color from light blue-yellow-red indicates the velocity from 

low to high.

• Using PHREEQC (Aqueous geochemical calculation program) in conjunction with 
geochemical analysis results to construct a 2‐D theoretical model to describe the 
calcite precipitation in the sediment system. 
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Observations:
 Characteristic signal captured around 0.1 Hz, start to increase as experiment continues and 

peaks its magnitude close to 1.6e‐4 S/m at the day 12. 
 Characteristic signal observed between 1Hz and 10Hz starts to increase as it appears at day 7 

and reaches its peak value at 6e‐6 S/m at day 12.
 Both characteristics signals start to decrease at 12 till the end of the experiment.

Why study oolitic sand shoals? 
• common in the ancient rock 

record and form very 
productive hydrocarbon and 
water reservoirs.

• This study is designed to help us 
to explore petrophysical
evolution during carbonate 
cementation through 
geophysical method.

Why use spectral induced polarization (SIP)?
• non‐destructive 
• sensitive to the changes in fluid chemistry 

associated with the cementation in terms of 
electrical properties change.

Figure 3. Aragonite (Bahamas ooids) used for experiment. 

• Calcite precipitates are the most common 
cementing materials during early stages of 
lithification. They provide both mass and 
structure for later diagenetic processes and 
affects the quality and heterogeneity of 
carbonate aquifers and petroleum reservoirs. 

• It is still challenging to observe real-time 
spatiotemporal modification of porosity and 
permeability in either a laboratory setting or 
in the field due to the lack of efficient 
monitoring method. 

Figure 1. Scanning electron microscope (SEM) 
observation of calcite precipitation 
occurrence b) on glass beads and c) on 
aragonite ooids.  d) and (e) have shown that 
mineral substrate impacts the shape, density 
and growth rate of CaCO3 precipitates.(Noriel
et al., 2016).

Figure 6. a)Real conductivity changes over time. b) σ’’ changes from day 0 to day 11, and c) σ’’ changes from 
day 12 to day 27.
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Figure 2. Fluid velocity field shown on top and permeability and F evolution on bottom; n and m has minor variation in 
reaction‐limited case while considerably changes in transport‐limited case shown in blue and red.(Niu and Zhang, 2019)

Figure. 4 Experimental setup. a) CO2 is injected into reservoir 1 to dissolve pre-packed CaCO3 power to create 
supersaturated solution with respect all polymorphs of calcium carbonate. b) Air is injected to reservoir 2 that 
filled with supersaturated solution to reduce CO2 solubility in water to induce calcite precipitation. c) A column 

with 44 mm in diameter and 128 mm in length Column filled with deionized water washed aragonite ooids 
sample. Current injecting electrodes and potential measuring electrodes are shown on the figure as well. d) 

Effluent collection for geochemistry analysis and flow rate measurements.
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Table 1. Comparison of conditions between previous studies and this study.
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��: real conductivity in S/m ‐ energy loss;
���: imaginary conductivity in S/m ‐ energy 
storage; 
ω: angular frequency.
Σs’’: the imaginary part of specific surface 
conductance
F: formation factor

�∗ � = �� � + ���� �  

complex conductivity σ*: 
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Interpretation and Comparison with Previous Studies:
 The interesting characteristic signals can be interpreted as smaller calcite were precipitated 

and adsorbed onto surface of ooids at first to increase the surface roughness of the mineral. 
The migration time increased due the increases in surface roughness. Then large aggregation 
of calcite were formed that eventually coated the whole surface of ooids, the migration path 
was shortened because the continuous EDL was formed by filled gaps between smaller 
precipitates.

 Similar characteristic signal trends and shapes were captured in Wu et al.(2010), Saneiyan et 
al. (2018), Izumoto et al., (2020), but different signal magnitude observed in Wu et al. (2010) 
and Izumoto et al.,(2020) might be resulting from different substrate used in the 
experiments. 

 Due to all the previous studies performed by directly injecting Na2CO3 and CaCl2 solution into 
sample holder to induce precipitation. Additional modified experiments and simulation will 
be performed to investigate fluid transport behavior affected by alternating pore geometry 
and connectivity of pores. Same monitoring process will be performed onto the additional 
setup to collect SIP and geochemical data to compare the data collected from original setup 
as well.


