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Abstract Salt precipitation has emerged as a critical factor affecting injectivity, reservoir stability, and the
potential to trigger near‐wellbore microseismic activity during geological CO2 sequestration. While previous
studies have primarily focused on the brine acidification induced by CO2 injection, triggering geochemical
reactions in carbonate rocks and leading to mechanical degradation, the mechanical behavior associated with
salt precipitation in drying zones, particularly the failure mechanisms, remains poorly understood. In this work,
we designed a reservoir‐condition displacement system to mimic near‐wellbore drying process and further
investigated the rock failure modes due to salt precipitation in red sandstone samples. Our study demonstrates
that, despite the densification of the pore structure due to salt precipitation, the overall mechanical performance
of the rock undergoes significant deterioration. More importantly, for the first time, we observe a distinct
transition of failure mode from shear‐to tensile‐dominated under uniaxial compression. Microstructural analysis
further shows that the growth of polycrystalline and bulk crystals induces microcrack initiation and propagation,
with the failure mechanism of rocks subjected to salt precipitation primarily characterized by intercrystalline
damage at weak bonding interfaces under external loading.

Plain Language Summary Geological sequestration of CO2 has emerged as a promising and viable
strategy to mitigate climate change by injecting supercritical CO2 (scCO2) into deep subsurface formations for
long‐term containment. This process can induce salt precipitation, a phenomenon where dissolved salts
crystallize out of pore brine. Such precipitation poses significant challenges, including pore blockage, reduced
rock strength, and a potential contribution to microseismicity that may compromise reservoir stability. In this
study, the effects of salt precipitation on the microstructure and failure characteristics of reservoir rocks were
experimentally investigated under reservoir‐representative conditions. Results indicate that while salt
crystallization densifies the rock's pore structure, it paradoxically undermines the overall mechanical integrity.
Specifically, the load‐bearing capacity is significantly reduced, making the rock increasingly prone to tensile
failure as opposed to shear failure under compressive stress. Given that fluid injection most commonly induces
shear failure, particularly in the presence of pre‐existing faults, a shift toward tensile‐dominated failure makes
reservoir damage more complex. Moreover, tensile failure promotes fracture opening and propagation, thereby
increasing uncertainty in CO2 migration prediction and monitoring. This transition in failure mode is attributed
to weak interfacial bonding between the salt crystals and the rock matrix, along with an increased development
of microcracks. These findings provide critical insights into the stability of geological reservoirs during CO2

sequestration and establish a scientific basis for investigating the mechanisms of injection‐induced
microseismicity.

1. Introduction
As the world grapples with the challenges of climate change, reducing atmospheric CO2 concentrations has
become a critical scientific imperative (An et al., 2021; Chai, Liu, Wang, et al., 2022; Krevor et al., 2023; Wang
et al., 2023). Geological CO2 sequestration (GCS) emerges as a vital strategy for mitigating climate change, with a
focus on identifying ideal storage reservoirs that balance large storage capacity, efficient injectivity, and long‐
term structural integrity (Celia et al., 2015; De Silva et al., 2015; Gandomkar et al., 2025; Li et al., 2023; Vis-
wanathan et al., 2022). However, previous studies have highlighted the complexities of CO2 injection, including
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salt precipitation in the near‐wellbore region, which can lead to pore‐scale blockage, increased injection pressure,
and compromised injectivity (Ji et al., 2025; Sun et al., 2025). Moreover, this region, often identified as a hotspot
for microseismic activity (Yu et al., 2023), may experience enhanced seismic responses resulting from pressure
buildup associated with salt accumulation. Therefore, a comprehensive understanding of how salt precipitation
affects the mechanical behavior and failure characteristics of reservoir rocks is essential for ensuring the stability
and integrity of GCS systems.

Salt precipitation is a common geochemical phenomenon observed across various engineering fields, including
soil salinization (Bergstad & Shokri, 2016; Hassani et al., 2024; Shokri et al., 2024), preservation of historical
monuments (Espinosa‐Marzal & Scherer, 2010; Scherer, 2004), and geochemical processes related to geological
integrity (Jannesarahmadi et al., 2024; Wang et al., 2025). In deep geological environments, such as GCS sites,
salt precipitation is particularly pronounced and complex near the injection wellbore. While CO2 storage typically
occurs in high‐permeability reservoirs, field observations from the Ketzin site in Germany (Baumann et al., 2014)
and the Snϕhvit project in Norway (Grude et al., 2014) have confirmed that salt precipitation can lead to complete
pore clogging, thereby significantly impairing injectivity and increasing project costs. This phenomenon involves
a series of interactions between water evaporation, solute transport, and capillary backflow, thereby amplifying
the complexity of the injection system (An et al., 2020; Chen et al., 2024; Ji et al., 2025; Yan et al., 2025).
Moreover, previous studies have demonstrated that elevated pore pressure can perturb the in situ stress field of the
reservoir, rendering the rock mass more prone to failure. Once failure occurs, the elastic energy stored in the
formation is released, triggering (micro)seismic events (Song et al., 2023; Vilarrasa et al., 2019). The pressure
buildup induced by salt precipitation may therefore act as a potential factor contributing to the initiation of such
microseismic activities, as illustrated in Figure 1. Furthermore, in recent years, physics‐based microseismic
prediction models have increasingly relied on a wide range of parameters, including the properties of reservoir
rocks that have undergone coupled geophysical and geochemical interactions (e.g., salt precipitation) during CO2

injection (Kivi et al., 2023, 2025).

The mechanical response of rocks during CO2 injection can be investigated through coupled flow experiments
and mechanical testing. These experiments yield valuable insights into the response mechanisms of the reservoir
rock and provide an experimental basis for investigating the triggering mechanisms as well as the monitoring and
assessment of microseismic events. Nevertheless, current research predominantly focuses on carbonate rocks (Li
et al., 2022), emphasizing the chemical‐hydraulic‐mechanical (CHM) coupling effects induced by CO2‐acidified
brine, which lowers brine pH and subsequently triggers mineral dissolution and precipitation reactions that
reconstruct the pore‐scale microstructure of the rock (Eberli et al., 2003; Eyitayo et al., 2025; Lyu et al., 2024).
These microscale changes significantly impact hydrodynamic properties such as porosity and permeability (Alam

Figure 1. Schematic illustration of possible processes induced by scCO2 injection in the Pearl River Estuary, including salt
precipitation, pore blockage, pressure buildup, rock failure, and associated microseismicity.
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et al., 2014; Tao et al., 2023), which in turn influence the macroscopic mechanical response of the rock mass
(Chai, Liu, Xue, et al., 2022; Hangx et al., 2013; Vialle & Vanorio, 2011; Xie et al., 2011). While the weakening
effects of mineral dissolution and precipitation on rock structure and mechanical behavior have been widely
emphasized, most GCS sites are predominantly composed of sandstone formations that remain comparatively
underexplored. In particular, the geophysical and geochemical responses associated with evaporation‐induced
salt precipitation in dry zones are still rarely investigated.

This study identifies, for the first time, that salt precipitation drives a transition in rock failure from shear‐to
tensile‐dominated modes. Through core‐flooding experiments under dry‐zone conditions and uniaxial
compression tests, paired with a CO2‐deionized water displacement control to eliminate acidification effect, we
isolate the role of salt crystallization in altering reservoir rock failure. Multiscale characterization and mechanical
analysis provide new experimental evidence and theoretical insight into salt‐induced damage and failure‐mode
transitions. These findings clarify the interplay among CO2 injection, salt precipitation, and rock failure, with
important implications for ensuring the long‐term integrity of GCS and for advancing the understanding of the
triggering mechanisms of microseismicity.

2. Materials and Methodologies
Homogeneous red sandstone, representative of typical GCS reservoirs, was used as experimental material. The
cylindrical specimens (20 mm × 40 mm) mainly consisted of quartz and feldspar, as confirmed by X‐ray
diffraction and scanning electron microscopy coupled with energy‐dispersive spectroscopy (SEM‐EDS). These
minerals exhibit low reactivity with CO2 under reservoir conditions, allowing a clear distinction between salt
precipitation and acid‐induced effects. Mercury intrusion porosimetry and CT analyses indicated a relatively
uniform and concentrated pore‐size distribution, consistent with high‐quality reservoir sandstone. Detailed
mineralogical and pore‐structure information is provided in Figure S1 in Supporting Information S1. To ensure
accuracy and consistency, the rock specimens were ultrasonically cleaned, dried, and subjected to ultrasonic
velocity measurements. Specimens with similar densities and wave velocities were selected for the experiments.
A total of 18 red sandstone cores were selected and divided into three groups: untreated group (UT), deionized
water displacement by scCO2 group (DW, serving as a control to eliminate CO2 acidification effects), and salt
precipitation group (SP). Detailed sample information is provided in Table S1 in Supporting Information S1.

The displacement experiments were conducted at 9MPa and 50°C to represent in situ reservoir conditions of the X
offshore site in Pearl River Estuary (Sun et al., 2016; Zhou et al., 2011). The confining pressure was dynamically
adjusted to track the pore pressure and maintained 3.5 MPa higher than the pore pressure throughout the ex-
periments (ΔP = 3.5MPa). A 25 wt% NaCl solution was used as a reservoir brine. The detailed experimental
procedures of the displacement experiments applied to all samples are provided in Section S3 in Supporting
Information S1. After displacement, uniaxial compression tests were performed under displacement control at a
rate of 0.3 mm/min using a Universal Testing Machine. A thin lubricant was applied to minimize end friction, and
axial strain was continuously recorded using a linear variable differential transformer. Following the mechanical
tests, microstructural and damage characteristics were analyzed through SEM, EDS, and CT, providing multi-
scale insights into the structural changes induced by salt precipitation.

3. Results and Discussions
3.1. Effects of Salt Precipitation on Wave Velocity and Pore Structure

To investigate the evolution of rock failure modes induced by salt precipitation, elastic wave velocity was
introduced in this study as a diagnostic parameter. As a sensitive indicator of internal structural changes, wave
velocity is closely related to porosity, wave propagation pathways, and medium connectivity, and is widely
used in non‐destructive evaluation of rock physical properties and mechanical performance. In particular, wave
velocity variation is strongly associated with the development of microcracks and the degree of structural
integrity of the rock mass (Pellet & Fabre, 2007), providing valuable reference for subsequent analysis of
mechanical response and failure characteristics. Figure 2a presents the test results of elastic wave velocities
under different treatment conditions, with corresponding data provided in Table S2 in Supporting Informa-
tion S1. The results indicate that, for the DW group samples, the P‐wave and S‐wave velocities showed a slight
overall increase after treatment, though minor decreases were observed in a few samples. In contrast, the SP
group samples exhibited a significant increase in elastic wave velocities. Specifically, the P‐wave velocity
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increased from 1,736 m/s to 2,379 m/s, representing an average increase of 37.1%, while the S‐wave velocity
rose from 1,416 m/s to 1,707 m/s, corresponding to an average increase of 20.6%. These trends suggest that salt
precipitation induced by CO2 injection significantly improved the wave propagation characteristics by altering
the rock's pore structure, making it the dominant factor contributing to the observed velocity increases.

The changes in pore structure during salt precipitation can be attributed to the nucleation and growth of salt
crystals at the pore scale. Previous studies have shown that during scCO2 injection, the displacement of brine
mainly occurs through viscous flow and evaporation into the CO2 stream, occurring at distinct timescales.
Initially, the displacement is dominated by the two‐phase viscous flow of scCO2 and brine, rapidly removing most
of the pore brine and establishing a residual brine saturation. Notably, the well‐homogenized characteristics of the
samples employed in this study result in relatively high residual brine saturation, attributed to the formation of
CO2 preferential flow pathways. The remaining brine exists primarily as thin films around grains, domes, pools,
and liquid bridges. As dry scCO2 with low water vapor pressure continues to be injected, the residual brine near
the inlet begins to evaporate into the CO2 stream. The evaporation front forms and advances along the injection
direction. A brine saturation gradient is established, driving a capillary pressure gradient‐induced backflow. The
capillary force drives brine away from the injection outlet toward the evaporation front. Since the evaporation rate
of water exceeds the capillary‐driven brine backflow rate, water continues to evaporate. When the salt concen-
tration surpasses the solubility limit under the given conditions, excess salt begins to precipitate, and a dry‐out
front forms. However, its movement is much slower than that of the displacement front. Due to the

Figure 2. Effects of salt precipitation on wave velocity and pore structure in sandstone samples. (a) P‐ and S‐wave velocity
variations before and after experiments for the control (UT) and SP groups, showing significant increases in the SP group.
(b) Schematic illustration showing two types of salt crystal morphologies, bulk large crystals and polycrystalline aggregates.
White arrows indicate the scCO2 flow direction. (c) CT‐based analysis showing the CT processing workflow, the distribution
of salt crystals concentrated within approximately 1.5 cm from the injection inlet after salt precipitation, and porosity
reduction in this region, representing the general trend observed in most samples and consistent with prior studies.
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hydrophilic nature of sandstone, a thin liquid film persists on pore walls, facilitating the continuous migration of
brine and enabling brine absorption over long distances. Additionally, the chosen concentration of brine provides
a sufficient reservoir of solute ions, sustaining the salt precipitation process even in the absence of brine
replenishment. Ultimately, when the evaporation rate equilibrates with the capillary‐driven backflow, the dry‐out
front stops moving, and localized salt precipitation occurs, resulting in a decrease in permeability. Salt crystals,
primarily in the form of polycrystalline aggregates or bulk crystals (Miri et al., 2015) (Figure 2b), accumulate near
the injection inlet, causing significant pore blockage.

The formation and accumulation of salt crystals significantly alter wave propagation characteristics. Crystal
growth fills pores and pre‐existing microcracks, reducing wave path tortuosity, scattering, and energy attenuation
at pore boundaries, thereby increasing both P‐wave and S‐wave velocities. In the DW group, slight velocity
fluctuations may be attributed to pressure differentials and water infiltration during displacement. Although
dominant flow channels reduce overall pressure gradients, the persistent differential pressures may cause
localized structural disturbances. Additionally, deionized water may slightly erode pore surfaces, weakening local
structural integrity and causing minor decreases in P‐wave velocity (Liu et al., 2024). However, under low
differential pressures, such effects are limited and unlikely to significantly influence wave velocities. Conversely,
residual water may temporarily fill pores and increase local density, leading to a slight rise in wave velocity.
Overall, these fluctuations are small, likely fall within the range of systematic measurement error, and are
therefore considered negligible. We also performed X‐ray CT imaging to analyze the pore structure near the
injection inlet on a layer‐by‐layer basis. The results indicate a marked reduction in porosity following salt pre-
cipitation, consistent with the observed increase in injection pressure, confirming that salt crystallization caused
substantial pore blockage.

Short‐term increases in wave velocity and apparent densification may occur due to NaCl crystallization in quartz‐
dominated sandstone, but these phenomena do not necessarily indicate structural strengthening. Small crystals
may initially act as pore fillers and marginally stiffen the matrix. However, capillary‐driven backflow promotes
the continuous accumulation of brine near the injection inlet. As crystal growth progresses within confined pore
spaces, crystallization pressures are exerted on pore throats and walls, resulting in localized structural disturbance
or even damage. Importantly, these opposing trends are not contradictory. The observed enhancement in wave
velocities (both P‐ and S‐waves) reflects a transient pore‐filling effect rather than genuine mechanical
strengthening, whereas crystallization‐induced stresses progressively disturb and damage the rock framework.
Consequently, the actual mechanical response and failure characteristics of rocks subjected to salt precipitation
require quantitative evaluation and systematic analysis through subsequent mechanical loading tests.

3.2. Mechanical Behavior and Failure Characteristics

Rock failure modes are strongly conditioned by the prevailing stress state. As salt precipitation within pore spaces
can markedly increase pore pressure, thereby reducing effective stress and compromising rock‐mass stability, this
study investigates the mechanical behavior and failure characteristics under such weakened conditions via uni-
axial compression testing. Under compressive loading, the resulting failure modes reflect the composite me-
chanical behavior of the rock and are governed by strength, stiffness, and the spatial distribution of microcracks.
The experimental program identified three canonical failure modes under uniaxial compression, namely X‐
shaped conjugate shear, single‐inclined shear, and tensile (splitting) failure, each associated with distinct me-
chanical responses and failure mechanisms.

Representative samples from the UT, DW, and SP groups were selected to compare mechanical responses and
failure modes, and the corresponding stress‐strain curves are shown in Figure 3. The uniaxial compression
response of the rock before failure can be divided into four stages, namely pore compaction, linear elastic
deformation, stable crack propagation, and unstable crack propagation. The UT group exhibits stress‐strain curves
with a short compaction stage, a well‐defined linear elastic segment, relatively high peak strength, and a steep pre‐
peak slope, displaying single‐inclined shear failure. Upon reaching the uniaxial compressive strength (UCS), a
through‐going macroscopic shear failure typically develops at an angle ranging from 38° to 44° relative to the
loading axis, with a relative dispersion of approximately 6%, indicating limited variability among specimens, and
failure surfaces commonly showing fragmented particles and powder accumulation. Despite the shear failure,
partial interlocking between fragments remains, indicating residual load‐bearing capacity. A minority of speci-
mens exhibit mixed shear‐tensile failure, likely due to heterogeneity in the initial microcrack distribution within
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the rock matrix. Near the specimen ends, cracks tend to propagate parallel to the loading axis, reflecting localized
stress perturbations caused by boundary constraints, a typical end effect. In the DW group, microstructural
disturbances may have arisen from deionized‐water saturation followed by scCO2 displacement, yet the overall
stress‐strain behavior and failure mode are similar to the UT group, with shear failure still dominant. The elastic
phase appears slightly shortened and crack initiation occurs marginally earlier, suggesting a modest reduction in
local stiffness while overall structural integrity remains largely intact.

In contrast, SP specimens affected by salt precipitation exhibit distinct mechanical responses and failure modes.
Their stress‐strain curves shift downward and to the right, indicating reduced peak strength and increased peak
strain. The pre‐peak slope diminishes markedly, and the compaction phase extends over a larger strain interval.
Together, these features imply a higher proportion of compressible constituents, such as microcracks and loosely
bonded salt crystals, which necessitate prolonged compaction before the elastic regime and yield a lower initial
stiffness. The failure morphology is consistent with these mechanical signatures. Upon reaching the UCS, most
SP specimens develop a dominant axial tensile failure, indicating a transition from shear‐to tensile‐dominated
failure. In some cases, a combined failure mode is observed in which the primary axial failure is accompanied by a
secondary oblique failure, and fragment spalling frequently occurs near crack tips. This sequence‐extended
compaction, reduced mechanical competence, and tensile failure dominance‐reflects stress redistribution
driven by pore‐scale weakening and culminates in further degradation of structural stability.

Across treatments, mechanical parameters degrade systematically from UT to DW to SP, with detailed me-
chanical data shown in Table 1. Compared with the UT group, DW specimens show a slight reduction in UCS and
elastic modulus, along with a small increase in peak strain, indicating minor stiffness loss while overall structural
integrity is largely preserved. In contrast, SP specimens exhibit pronounced weakening. The average UCS

Figure 3. Experimental results showing the mechanical behavior and failure characteristics of the tested samples.
(a) Schematic diagram of rock failure modes under uniaxial compression. (b) Representative stress‐strain curves and failure
modes for each sample group. (c) Mechanical parameters (uniaxial compressive strength, σp, and E) with their averages and
trends.
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decreases from 21.805 to 14.392 MPa (a 34.00% reduction), accompanied by an approximately 51.64% increase
in the corresponding peak strain. The elastic modulus decreases from an average of 3.371–1.846 GPa, corre-
sponding to an average reduction of about 45.25%. These shifts align with a transition in failure mode from shear‐
dominated (UT/DW) to tensile‐dominated behavior in SP, often with compound cracking and spalling. Mech-
anistically, salt precipitation introduces compressible features and weakly bonded NaCl‐quartz interfaces that
produce elastic modulus mismatches and discontinuous stress‐transmission paths. These heterogeneities
concentrate stress, promote preferential crack growth and propagation, and direct crack development toward an
axial‐splitting path, thereby lowering stiffness and strength despite any localized densification or wave velocity
increases. Consequently, salt‐induced microstructural damage governs the observed transition of the rock failure
mode from shear‐dominated to tensile‐dominated behavior.

3.3. Microstructural Analysis of the Salt‐Crystallization‐Induced Failure Transition

Analysis of the macroscopic response shows that salt‐crystal nucleation and growth markedly degrade rock
mechanical properties and result in a transition in failure mode from shear‐to tensile‐dominated. To elucidate the
microscopic origins of this transition, we employ multiscale microscopic characterization to interrogate internal
structure and damage, focusing on how salt‐induced local stress fields at the grain scale govern crack initiation,
propagation, and ultimately macroscopic failure behavior.

To capture failure morphology, we reconstructed 3D geometries of failed specimens using CT. Figure 4 shows
untreated samples with through‐going shear failures inclined to the loading axis (consistent with 2D views),
though some may be underestimated due to post‐failure contact that suppresses openings. By contrast, SP
specimens exhibit dominant axial (tensile) failures with secondary cracks, confirming a shift from shear‐to
tensile‐dominated behavior. Failures were extracted with identical segmentation parameters and thresholds to
ensure comparability. The fracture volume fraction within the failure zone was calculated to quantify crack
development. Shear‐failed specimens cluster near 1.3% with oscillating dispersion. SP specimens average 1.2%
and display larger spatial variability, indicating more heterogeneous, tension‐driven multi‐crack systems.

At the pore scale, microstructural damage arises from crystallization pressure generated during salt growth under
CO2 displacement. Supersaturation, pore geometry, and interfacial forces (e.g., disjoining pressure) govern the

Table 1
Petrophysical Properties and Mechanical Parameters Derived From Stress‐Strain Curves for Used Samples

Sample Porosity (%) Permeability (mD) σp (MPa) εp (10− 3) E (GPa)

UT‐1 23.95 671.12 20.489 8.542 3.280

UT‐2 23.29 701.54 20.296 8.184 3.581

UT‐3 23.74 713.62 24.67 9.185 3.367

UT‐4 23.55 645.86 20.263 7.905 3.507

UT‐5 24.07 756.23 23.307 9.455 3.125

DW‐1 23.12 692.52 19.746 9.255 3.002

DW‐2 23.68 620.14 18.823 10.466 3.141

DW‐3 23.97 667.59 20.057 9.953 2.965

DW‐4 23.45 782.32 19.442 9.756 2.886

DW‐5 23.6 680.57 19.729 10.785 2.874

SP‐1 23.74 714.16 12.582 13.205 1.371

SP‐2 24.01 772.01 11.171 13.421 1.290

SP‐3 23.94 786.23 16.878 11.968 2.199

SP‐4 23.46 668.00 15.050 13.121 2.127

SP‐5 23.52 697.46 16.453 12.988 2.236

SP‐6 24.08 803.48 13.058 12.791 2.364

SP‐7 23.63 756.35 15.404 11.043 1.865

SP‐8 23.41 724.88 14.543 14.481 1.713
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collapse of thin brine films and crystal‐wall contact. Porous and water‐wet salt crystals formed at gas‐liquid
interfaces sustain capillary backflow, fueling continued growth. Once crystallization pressure exceeds the
threshold disjoining pressure, crystals load the walls. The tensile strength of sandstone typically ranges from
0.9 to 1.1 MPa (Vogler et al., 2017). In contrast, the crystallization pressure generated by NaCl crystallization in
confined spaces is approximately 200 ± 55MPa (Desarnaud et al., 2016), sufficient to exceed the tensile strength
of sandstone and cause pore rupture, which links isolated voids, widens pre‐existing cracks, and reorients them
along tensile paths. CT image processing with a top‐hat filter and uniform threshold shows microcrack volume
rising from 0.47% in UT to 0.73% in SP. This increase indicates enhanced initiation and propagation of micro-
cracks. Under external loading, these flaws concentrate stress. Wing cracks initiate along the axial maximum
principal stress and then coalesce to produce macroscale tensile failure. SP shows more extensive coalescence
than UT, linking pore‐scale processes to the observed mode transition.

Under SEM‐EDS, salt crystals are embedded within pores without strong bonding to the quartz matrix, creating
weak interfaces that localize stress and foster crack initiation. Partially connected crystal aggregates in pore
throats suggest crystallization‐induced microcracks between adjacent pores, facilitating tensile cracking.

Figure 4. Microstructural analysis showing salt‐crystallization‐induced evolution of the internal pore structure in the samples. (a) CT‐based 3D reconstructed failure
modes of representative samples from the UT and SP groups with corresponding fracture volume fractions. (b) Schematic illustration of stress acting on pore throats
during salt crystallization. (c)–(f) scanning electron microscopy coupled with energy‐dispersive spectroscopy images showing intergranular failure along weak bonding
interfaces and crystallization‐induced microcrack propagation at pore throats. (g) CT slices along the sample axis before and after salt crystallization (top, scale
bar = 5 mm) and corresponding 4 × magnified views of selected regions (bottom), together illustrating microcrack propagation. (h) CT‐based analysis showing
increased microcrack volume fraction after salt crystallization.
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Pronounced crack propagation within the matrix indicates reactivation of defects by crystallization pressure. EDS
shows no significant geochemical alteration, implying a predominantly physical mechanism. Higher‐
magnification imaging of fracture‐rich regions shows salt concentrated within fracture networks, consistent
with crystallization pressure driving opening and connectivity. The quartz framework remains largely intact, with
damage concentrated along grain boundaries (intergranular failure) and cracks exhibiting tensile morphologies.
Collectively, these microstructural observations account for the macroscopic transition from shear‐dominated
failure in UT or DW to tensile‐dominated behavior in SP.

4. Conclusion
This study shows that salt precipitation substantially modifies the mechanical behavior of reservoir rocks relevant
to GCS. Salt crystallization occurs within pore spaces, occludes pore throats, and densifies the microstructure,
thereby increasing elastic wave velocity. At the specimen scale, however, it degrades mechanical performance by
reducing both strength and stiffness. Critically, 2D observations and 3D CT reconstructions reveal a transition in
failure mode from shear‐dominated (UT and DW) to tensile‐dominated (SP). Microscale analyses indicate that
salt primarily occupies pores without forming strong bonding with the quartz framework, establishing stress
concentration zones. Crystallization pressure further damages the matrix, links previously isolated micropores,
and drives microcrack nucleation and propagation. As a result, salt precipitation increases the microcrack volume
fraction and compromises structural integrity, even when final fracture volumes are comparable across groups.
SEM imaging shows that post‐precipitation failure is characterized by intergranular cracking, consistent with a
weak‐bonding mechanism. Overall, the findings delineate a coupled pathway connecting salt precipitation to
mechanical degradation and microstructural evolution, providing experimental evidence and mechanistic insights
into near‐wellbore alterations during GCS. The results also offer a solid rock‐mechanical basis to support the
investigation and evaluation of microseismic triggering mechanisms.
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