% applied sciences

Article

Simulation Study on the Influence of Reactions Between Granitic
Hot Dry Rock Minerals and Water on Rock Non-Closed Crack
Compressive Shear Initiation

Ou Jiang !, Xiuhua Zheng *, Hongyan Liu !, Wenxi Zhu 2 and Haidong Wu 3

check for
updates
Academic Editor: Nikolaos

Koukouzas

Received: 10 August 2025
Revised: 28 August 2025
Accepted: 1 September 2025
Published: 3 September 2025

Citation: Jiang, O.; Zheng, X; Liu, H.;

Zhu, W.; Wu, H. Simulation Study on
the Influence of Reactions Between
Granitic Hot Dry Rock Minerals and
Water on Rock Non-Closed Crack
Compressive Shear Initiation. Appl.
Sci. 2025, 15,9695. https://doi.org/
10.3390/app15179695

Copyright: © 2025 by the authors.
Licensee MDP], Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license

(https:/ / creativecommons.org/
licenses /by /4.0/).

School of Engineering and Technology, China University of Geosciences (Beijing), Beijing 100083, China;
3002220034@email.cugb.edu.cn (O.].); hy1204@cugb.edu.cn (H.L.)

School of Civil Engineering and Architecture, Henan University, Kaifeng 475004, China;
zhuwenxihenu@163.com

Center for Hydrogeology and Environmental Geology Survey, China Geological Survey,

Tianjin 300309, China; wuhaidong@mail.cgs.gov.cn

*  Correspondence: xiuvhuazh@cugb.edu.cn; Tel.: +86-159-1106-2856

Abstract

The development of hot dry rock needs working fluids, and mineral reactions happen
due to contact between hot dry rock minerals and fluids. Mineral reactions influence
hot dry rock reservoir characteristics, whereas their impacts on hot dry rock mechanical
properties lack understanding. In this study, a simulation study on the influence of reactions
between granitic hot dry rock minerals and water on rock non-closed crack compressive
shear initiation was conducted. High temperature (180 °C) and high pressure (24 MPa)
mineral reaction experiments were performed to obtain reaction kinetics parameters. A
model of non-closed crack compressive shear initiation induced by mineral reactions was
established. Based on the model, the influences of mineral reactions on the compressive
shear initiation of non-closed cracks were analyzed. Results show that the mineral reactions
primarily contain feldspar dissolution and quartz precipitation, and their overall effect is
crack enlargement. The crack enlargement reduces crack initiation potential for a crack
inclination angle of « = 0°, while it increases crack initiation potential for # = 45° and
90°. The difference in crack initiation potential under various « values is attributed to the
relative position of the crack to the maximum principal stress direction. This work reveals
the influences of mineral reactions on hot dry rock reservoir crack initiation, contributing
to achieving sustainable hot dry rock exploitation.

Keywords: simulation; mineral reactions; hot dry rock (HDR); non-closed crack; stress
intensity factor (SIF); crack initiation

1. Introduction

Water—rock interactions are a common phenomenon due to contacts between fluids
and rocks, with one of the major manifestations being mineral reactions [1]. Mineral
reactions lead to changes in the types and abundance of minerals in rocks, influencing
rock porosity, and subsequently, reservoir permeability and productivity [2,3]. Hot dry
rock (HDR) is one typical type of geothermal reservoir, which has a stable energy output,
high energy utilization coefficient, and large reserves [4]. The exploitation of HDR has
been under investigation since 1974. An HDR reservoir is composed of a volume of rock
that contains an interconnected crack network between the injection and production wells.
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Various fluids can be injected into the crack network to extract heat from the HDR reservoir.
The contacts between the HDR and fluids subsequently induce mineral reactions [5,6]. The
successful exploitation of an HDR geothermal reservoir relies on the understanding of
water-rock interactions between the HDR, which is typically granitic, and the fluids in
contact with the HDR. This provides a method to obtain the physical characteristics of
the reservoirs, contributing to a long-term and stable exploitation of HDR [7]. Therefore,
investigating the influences of mineral reactions on HDR is of crucial importance.

The alterations in rock mechanical characteristics due to mineral reactions have been
extensively studied. Mineral reactions change the contents and structures of rocks, thereby
leading to significant variations in rock stress state and mechanical properties [8]. The rock
surfaces can be altered by mineral reactions, such as mineral dissolution and precipita-
tion [9-11]. This morphological alteration further affects the fracture mechanical properties
of fractured rocks. The dissolution of minerals at a crack tip leads to crack growth, which
could increase stress intensity factors (SIFs) at the crack tip and then induce crack initiation.
This is not conducive to the stability of rocks [12]. However, compared to HDR reservoir
exploitation, most current studies on the changes of rock fracture mechanical properties
induced by mineral reactions have focused on addressing the relatively shallow geolog-
ical engineering problems, such as rock slop stability and underground oil-gas storage
reservoirs with lower temperatures and pressures [13,14]. HDR reservoirs have a high
temperature and high pressure, which enhances mineral reactions between rocks and
fluids [15-17]. In addition, the exploitation of HDR is a long-term project that lasts for
decades [1], further increasing the enhancing effect. This enhancement can intensify the
influences of mineral reactions on the fracture mechanical properties of rocks, posing a
bigger challenge on the sustainable exploitation of HDR reservoirs.

The objective of this paper is to study the influence of reactions between granitic hot
dry rock (HDR) minerals and water on rock non-closed crack compressive shear initiation
through simulations. First, determination of the HDR mineral characteristics, as well
as high-temperature and high-pressure (HTHP) mineral reaction experiments between
the HDR and deionized water were carried out to obtain the mineral reaction kinetics
parameters. Then, based on rock mechanics, the compression-shear initiation criterion for
rock cracks under water pressure [18-20], and the model of surface thickness change due
to mineral reactions [21], a model of rock non-closed crack compressive shear initiation
induced by mineral reactions was established. Finally, the influences of mineral reactions
on rock non-closed crack compressive shear initiation were accessed through simulations.

2. Materials and Methods
2.1. Materials

The granitic cuttings were recovered from a geothermal well at a depth of 2350 m
in Gonghe Basin, Qinghai Province, where a typical HDR project in China is located [22].
Cuttings with a size of 5 mesh were picked out, followed by cleaning with deionized water
and drying under 105 °C for 24 h [23]. Furthermore, deionized water with a pH value of 7
and a density of 1 kg/m3 was utilized as the reactive solution to react with the cuttings, as
water is a commonly utilized working fluid for HDR exploitation.

2.2. Tests and Experiments
2.2.1. Determination of the HDR Mineral Characteristics

Thin sections of the HDR were observed using a BX51 polarizing microscope from
Olympus Co. Ltd., Tokyo, Japan, to identify the rock minerals. Further, X-ray diffraction
(XRD) test was performed on the cuttings to determine the mineral contents using the
D/Max-RC type diffractometer from Rigaku Co. Ltd., Tokyo, Japan. In terms of XRD,
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four samples were utilized for parallel mineral content determination. The cuttings were
ground into powders with a size smaller than 300 mesh to guarantee the test accuracy.

2.2.2. HTHP Mineral Reaction Experiments

HTHP mineral reaction experiments were conducted using an HTHP flow reactor,
and the details of the reactor are provided in reference [23]. Cuttings with a mass of
33.3439 g were utilized for HTHP mineral reactions. The reaction temperature was set as
180 °C [15,22]; meanwhile, the pressure Ap was determined as follows:

Ap = pw — pr= 10" pygh — py (1)

where py, is the static fluid column pressure (MPa), p; is the formation pressure (MPa),
which is the pressure of formation water in a reservoir, p,, is the density of deionized
water (kg/m3), ¢ is the gravitational acceleration (10 N/kg), and # is the static column
depth of drilling fluid (m), which is equivalent to the sampling depth (2350 m) of the HDR.
As a limited amount of fluid exists in HDR reservoirs [22], p; is assumed as 0, and Ap is
calculated to be 24 MPa. The volume flow rate Q (mL-min~!) was determined as follows:

Q — Vsol _ F
1440 At pgol

)

where V) is the volume of the solution, and At is the elapsed reaction time, which is 7d,
Psol is the density of the solution, which is 1000 kg:m~3, and F is the solution mass flow rate.
The solution volume is 500 mL (Water/Rock 15:1), which is limited by the solution container
and guarantees a sufficient amount of water for water-rock interactions [24]. Therefore, Q
is 0.05 mL-min~!, and F is 0.072 kg-d~!. The cuttings were placed in the HTHP vessel of
the HTHP flow reactor to react with deionized water. During reactions, water samples were
obtained at days 1, 3, 5, and 7 to determine their solution element concentrations using
the ICAP 7200 Duo inductively coupled plasma optical emission spectrometer (ICP-OES)
from Thermo Fisher Scientific Co. Ltd., Waltham, MA, USA, and their pH values using
the PHS-3C pH meter from Shanghai INESA Scientific Instrument Co. Ltd., Shanghai,
China. Considering the mineral element contents, sodium (Na), potassium (K), silica (Si),
and alumina (Al) content in the solutions were obtained; meanwhile, their detection limits
were 0.20 mg/L, 0.35 mg/L, 0.20 mg/L, and 0.05 mg/L, respectively. Determination of the
solution element content concentrations and pH was performed under room temperature
and atmospheric pressure.

2.3. Model of Non-Closed Crack Compressive Shear Initiation Induced by Mineral Reactions
2.3.1. Determination of Mineral Reactions

Determination of mineral reactions was conducted through reaction equilibrium simu-
lations using Phreeqc Interactive 3.6.2-15100, which is a well-developed hydrogeochemical
simulation program. Reaction temperature and deionized water were defined in the SO-
LUTION module. The minerals were defined in the EQUILIBRIUM_PHASES module.
The output results contain the changed moles of minerals, indicating the mineral reac-
tions before reaching reaction equilibrium. The simulation program is provided in the
Supplementary Materials.

2.3.2. Non-Closed Crack Compressive Shear Initiation Induced by Mineral Reactions

Figure 1 presents a schematic diagram of a non-closed crack with an inclination angle
of « under a two-dimensional plane stress state of o and ko (where k is the lateral pressure
coefficient) and water pressure pyy.
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Figure 1. Non-closed crack with internal water pressure under initial ground stress [19].

The stress on the crack plane of the crack model is given as [19]:

on = o(cos?a + ksin?a) — py
or = o(sin®a + kcos?a) — pw 3)
=0(1 —k)sinacosw

where oy is the normal stress on the crack plane, ot is the transverse compressive stress

parallel to the crack plane, and 7 is the shear stress parallel to the crack plane. Further, the

SIFs at the tip of a non-closed crack are depicted as follows:

Ky = Kyny + Kiny = (01v/p/a — on)/ma @)
KH = —Ty/T7la

where p is the curvature radius at the crack tip, which is equal to a half of the crack aperture
(b) herein, and a is half of the crack length. Figure 2 shows the alterations in crack size
parameters of an equivalent crack induced by mineral reactions.

Mineral &p
: p reactions 1 !ﬂb i p(r)
; - I e
2b | L. _ 2b(1) ! B N
a a(r)

Figure 2. Schematic diagram of the alterations in crack size of an equivalent crack induced by

mineral reactions.

The rate that the surface changes in thickness due to mineral reactions of mineral i
(dX;/dt) can be determined as follows [21]:

dx;
dt

= Viki(1-5;) )
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where V; is the molar volume of mineral i, k; is the reaction rate constant of mineral i, and S;
is the saturation index of mineral i. As the elapsed time for mineral reactions is short-term
(only 7d), which is far from equilibrium, Equation (5) can be simplified as follows:

dx;
dt

= Vik; (6)

In a flow reactor, the release rate of | species 7] by reactions of mineral i, which are
primarily dissolutions of mineral i, is given as follows [25]:

(m],out - m],in)F

p— 7
T i A ( )
As the solution is deionized water at the inlet, that is, 1 i, = 0, Equation (7) is simplified
as follows: F
o m],out
=7 8)

where 11} oyt and m;j i, are the molar concentrations of species | at the outlet and inlet, and
A is the total surface area of the cuttings, which is given as follows:

A = Sggrmy )

where Sggr and m, are the BET specific surface area and mass of the cuttings. Assuming
the release of | species r; primarily results from the dissolution of mineral i, we have
the following:

=T (10)

where r, ; is the dissolution rate of mineral i. For dissolution at far-from-equilibrium
conditions, there is an additional equivalence [23]:

rei=ky, (11)

Combining Equations (8), (10) and (11) gives us the following;:

F
ko= ot (12)

As dissolution enlarges cracks and precipitation narrows cracks, we combine Equations (6),
(9) and (12), and give the following:

P q q
= Vik, ;— Vik_; Vim Vik_; 13
1; 1" 1221 it—i = [ ETmr Z Jout — g it — i ( )

where p and g are the type numbers of mineral i that result in the mineral dissolving and
precipitating, respectively. The boundary condition of Equation (13) is t = 0, X = X(¢) = 0.
Assuming the mineral reactions cause an even thickness change in a crack, we have
the following:

Ab(t) = Aa(t) = Ap(t) = X(t) (14)

Further:
b(f) =b+ Ab(t) = b+ X(t) (15)
a(t) =a+Aa(t) =a+ X(t) (16)

p(t) =p+ABp(t) = p+ X(t) (17)
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Combining Equations (16) and (17) with Equation (4) derives the influences of mineral
reactions on SIFs at the tip of a non-closed crack:

{ Ki(t) = (or/p(6)/a(t) - o ) v/7a(D) (18)
Ky(t) = —T\/W

The rock shear crack toughness under compression-shear conditions(Kryc) is as fol-
lows [20]:
M2K + |Kn| = Kne (19)

where Ap; is the compression-shear coefficient. And subsequently, Equation (20):
MoKy + ‘KII(t)‘ = Kuc (20)

Equation (20) shows that the initiation of non-closed cracks under water pressure is
attributed to the evolution of SIFs that results from crack size parameter alterations due to
mineral reactions. A schematic diagram of the research process is illustrated in Figure 3.

HDR: Mineral characteristics

HTHP (180°C, 24MPa) mineral reaction

e L L s

Temporal evolution of solution chemical contents

<

Rock non-closed crack compressive shear initiation influenced by mineral reactions

Figure 3. Schematic diagram of the research process.

3. Results
3.1. Mineral Characteristics of HDR

Figure 4 shows the mineral characteristics of HDR. Through thin section observations,
feldspar (Fsp), quartz (Qtz), and biotite (Bt) were identified, and the mineral grains are in
close contact with each other, indicating a tight rock matrix of the HDR. XRD results show
that the average mineral contents in the HDR include 23.75% Qtz, 43% albite (Ab), 28.5%
microcline (Mic), and 4.75% Bt. Ab and Mic belong to Fsp. Based on the mineral contents,
the rock is classified as biotite monzonitic granite [23].
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Figure 4. Mineral characteristics of HDR: (a) A picture of the thin section of the HDR; (b) Mineral
contents of the HDR.

3.2. Temporal Evolution of the Solution Element Contents and pH

Figure 5 shows the temporal evolution of the solution element contents and pH under
a temperature of 180 °C and a pressure of 24 MPa. As seen in Figure 5a,b,e, Na, K, and
pH initially experience an increase and then a decrease at around day 3. The temporal
evolution is similar to the results reported by reference [24]. From Figure 5c¢, Si generally
increases within the experiment duration. The equilibrium concentration of Si due to
quartz dissolution at 180 °C is about 3.31 mmol/L [21], which indicates that the equilibrium
solubility of quartz at 180 °C is about 3.31 mmol/L, and the Si concentration can increase up
to a maximum of 3.31 mmol/L. Therefore, Si keeps a gradual increase as the Si concentration
is less than the maximum Si concentration. Compared to the quartz dissolution, the Si
is primarily released by feldspar dissolution, which contributes to the precipitation of
quartz [23]. From Figure 5d, Al experiences a sudden rise at around day 1 and subsequently
declines at around day 3. The rise of Na, K, Si, Al, and pH is primarily attributed to
element leaching and dissolution of Fsp. The time for the decline in Na, K, and pH
corresponds to Al, which could result from the generation of secondary Fsp precipitations
that consume Na, K, Al, and OH™ [26]. For dilute solutions, molar concentrations (mol/L)
are approximately equal to molal concentrations (mol/kg). Moreover, Figure 5 reveals that
the mineral reactions are far from equilibrium, as the calculated reaction quotients of quartz
and feldspar are significantly smaller than their reaction equilibrium constants [21,27].

3.3. Simulation Results of Non-Closed Crack Compressive Shear Initiation Induced by
Mineral Reactions

3.3.1. Simulation Results of Reaction Equilibrium
Based on the database of Phreeqc, Mic is defined as K-feldspar (Kfs), and Bt is defined
as K-mica during simulations. The simulation conditions are consistent with the experiment

conditions, including a temperature of 180 °C, as well as water with a pH of 7 and a mass
of 0.5 kg. Simulation parameters of the rock minerals are given in Table 1.

Table 1. Simulation parameters of rock minerals.

Minerals Chemical Formulas Cuttings Mass Molar Mass Mineral Moles in the Cuttings
(g (g/mol) (mol)
Ab NaAlSizOg 262 5.472 x 1072
Kfs KAISi3Og 278 3.418 x 1072
. . 33.3439 3
K-mica KA13SI3010(OH)2 398 3.979 x 10
Qtz SiO, 60 1.320 x 1071
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Figure 5. Temporal evolution of the solution element contents under a temperature of 180 °C and a
pressure of 24 MPa: (a) Na; (b) K; (c) Si; (d) AL (e) pH.

Figure 6 demonstrates the simulation results of mineral reaction equilibrium. Upon
reaching equilibrium, the changes in mineral moles of Ab and Kfs are negative, indicating
the dissolution of Ab and Kfs; meanwhile, those of K-mica and Qtz are positive, indicat-
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ing the precipitation of K-mica and Qtz. The dissolution of Ab and Kfs, as well as the
precipitation of K-mica and Qtz, are depicted as follows [27-29]:

NaAlSi3Og(Ab) + 2H,0 — Nat + AIP* + 40H™ + 35i0; ) (21)
KAISi30g(Kfs) +2H,0 — K* + A" +40H™ 4 35i0, 5 (22)

K+ + 3APY 43510y ,) + 100H™ — KAI3SisO10(OH), (K-mica) + 4H,0  (23)
SiOZ(aq) — SiO, (QtZ) (24)

0.025
0.020 ¢

Precipitation

0.015
0.010
0.005
0.000

mineral moles (mol)

0.005

n

-0.010

anges

=-0.015 |

C

-0.020 + Dissolution

-0.025 L L L .
Ab Kfs K-mica Qtz

Minerals

Figure 6. Simulation results of the changes in mineral moles in the mineral assemblage.

Equations (21) and (22) demonstrate that the dissolution rates of Ab and Mic can
be represented by the release rate of Na* and K*, respectively. As the formation of Bt
requires a much more reactive environment [30] compared to the experiment conditions,
the dissolution of Fsp and the precipitation of Qtz are considered as the primary mineral
reactions for crack size parameter alterations herein.

3.3.2. Simulation Results of the Non-Closed Crack Compressive Shear Initiation

Figure 7 shows the non-closed crack model for simulation calculations. A signal non-
closed crack with a length of 1 m, an aperture of 0.55 mm, and an inclination angle « was
considered. Besides, « is set to be 0°, 45°, and 90°. The direction of the maximum principal
stress is vertical. Therefore, the crack is perpendicular to ¢ for « = 0° and is parallel to o for
« =90°. The water pressure within the crack is designed as the experiment pressure, which
is 24 MPa. Detailed simulation parameters are provided in Table 2.

a

=
?I!ITlTTllffft E
>

=
Q

Tl‘ll!fi!f'll!!

Figure 7. Schematic diagram of the non-closed crack model for simulation calculation.
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Table 2. Simulation parameters of the non-closed crack compressive shear initiation model.

Parameters Units Values References
Maximum principal stress gradient MPa-m~! 0.0186 [31]
Minimum principal stress gradient MPa-m~! 0.0071 [31]
Crack depth m 2350
Lateral pressure coefficient, k 0.38
Crack aperture, 2b m 550 x 10~4 [32]
Curvature radius at the crack tip, p m 2.75 x 107*
Crack length, 2a m 1
Crack inclination angle © 0, 45,90
Water pressure, py MPa 24
Shear compression coefficient, A1p 1 [19]
Specific surface area of the cuttings, SpgT m2/ kg 99.4 [23]
Solution mass flow rate, F 1<g~d*1 0.072
Temperature, T K 453.15
Molar volume of Ab, V ap, m3.mol ! 1.00 x 1074 [3]
Molar volume of Mic, Ve m3-mol~! 1.09 x 1074 [3]
Molar volume of Qtz, Vy, m3-mol~! 227 x 107> [3]
Precipitation rate constant, k_ o, mol-m~2.d~1 3.63 x 1077 [21]

Figure 8 shows the temporal evolution of thickness changes on crack surfaces due
to various mineral reactions. The dissolution of Fsp enlarges cracks; meanwhile, Qtz
precipitation narrows cracks. The enlargement due to Fsp dissolution is significantly
larger than Qtz precipitation, and hence, the overall result is the enlargement of the crack
(e.g., [12]). The influence of mineral reactions on the temporal evolution of thickness
changes on a crack surface, in descending order, is Ab dissolution, Mic dissolution, and

Qtz precipitation.
&0 107" -
__/"' Los1ot =
- ’,// T
.00 107" s -
z ’ g -
:; 4.0%10° Zsoa0” p
= = ;
Va — Ab dizsolution / — Mic dissalution
20x10°F V4 /!
0.0 <
IEIRS
L L L | " L .
2 4 ] i 2 4 f 8
Elapsed time {d) Elapsed time (d)
(a) (b)
1 10
00
-2 4
E = Sl T
= —4.0= 10 ' Mineral reactions
(hz precipitation
0.0 F
=0 10!
\ L . | L L
2 4 & 1) 2 4 i3 &
Elapsed time (d) Elapsed time (dy
() (d)

Figure 8. Temporal evolution of thickness changes on crack surface due to various mineral reactions:

(a) Ab dissolution; (b) Mic dissolution; (¢) Qtz precipitation; (d) Combined mineral reactions.
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Figure 9 shows the temporal evolution of SIFs of a crack with various inclination
angles due to mineral reactions. Generally, the changed values of SIFs are small, as the
mineral reactions are short-term. When a = 0°, type I SIF decreases over time. When
« =45°, type I SIF increases, and type II SIF decreases with time. When « = 90°, type 1 SIF
increases over time. Further, the crack initiation potential is represented by A1,Kj+ 1Ky I,
as illustrated in Figure 10. As « increases from 0° to 90°, the initial value of Ao Kj+ | Ky |
experiences a decline and then increases (e.g., [33,34]). For a = 0°, the crack enlargement
induced by mineral reactions reduces A1,Kj+ | Ky |, inhibiting crack initiation potential. In
contrast, for &« = 45° and 90°, the crack enlargement increases A1,Kj+ 1 Kyy I, intensifying
crack initiation potential.

a—={K’ =00
1822415 183150 +
o
-
182,34 10 F - e
= . -
= K = 183,145 o
& Ky = pd
= 1R23405 | = - K,
] £ / i
K,=0
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182,340 | _/-/
1823393 - L 183135 L 1 L
il 2 4 & 8 2 4 [
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4737 =16 98250
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™, K, -
e 1=16.98255
4TAT3 e
- N
£ S
= ra = 1698260 =
= 47374 + N
o K,
/ 1_16.98265
/
473715 | /
. . — 1698270
0 2 4 6 2

Figure 9. Temporal evolution of SIFs of a crack with various inclination angles due to mineral

reactions: (a) 0°; (b) 45°; (c) 90°.
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Figure 10. Simulation results of the influence of mineral reactions on the compressive shear initiation
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of a non-closed crack under various inclination angles.
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4. Discussions

Mineral reactions pose challenges to the development of HDR, such as scaling due
to the temperature dependent dissolution-precipitation of silica [35]. In this paper, alter-
ations in crack size parameters due to mineral reactions were determined. Subsequently,
simulations of non-closed crack compressive shear initiation under water pressure were
carried out. From the simulation results, the variations in non-closed crack size parameters
exert different influences on the crack compressive shear initiation between a crack that
is perpendicular to the maximum principal stress ¢ and a crack that is parallel to ¢. For a
crack that is perpendicular to o, that is, « = 0°, the stress concentration at the crack tip is
reduced, inhibiting the crack initiation, and the influence of crack length on fractured rock
strength is weakened [36]. Therefore, the decrease in non-closed crack initiation potential is
attributed to the blunting of the crack tip, which results from the increased crack tip curva-
ture radius due to mineral reactions. When a = 45° and 90°, the influence of crack length on
the fractured rock strength is significant, and the fractured rock maximum strength reduces
as crack length increases [33,36], which indicates an enhanced crack initiation potential.
When t = 0, the ApKj+ | Ky | for a crack with o = 45° is less than that for a crack with
« = 90°, demonstrating that the crack with a = 45° is relatively hard to initiate compared to
the crack with a = 90° at the very beginning. However, the variations in crack initiation
potential within the « range from 0° to 90° cannot be revealed in this paper and need
further investigation.

5. Conclusions
The main conclusions are as follows:

1.  The primary mineral reactions between granitic HDR minerals and water contain Ab
and Mic (Fsp) dissolution, which enlarges cracks, as well as Qtz precipitation, which
narrows cracks. The crack enlargement due to Fsp dissolution is significantly larger
than the crack narrowing due to Qtz precipitation.

2. The mineral reactions between granitic HDR minerals and water influence the rock
non-closed crack compressive shear initiation by enlarging the length and aperture of
a crack.

3. For cracks with an inclination angle « of 0°, the crack tip blunting due to mineral
reactions reduces the crack initiation potential, as the enlarged crack length is oriented
vertically to the maximum principal stress direction, which inhibits stress concen-
tration at the crack tip. For cracks with « of 45° and 90°, the crack length increase
promotes the crack initiation potential.

4. In this paper, feldspar dissolution and quartz precipitation were considered, whereas
the formation of clay minerals and zeolite due to short-term HTHP mineral reactions is
also possible [22]. As the mechanical properties of clay minerals and zeolite are distinct
from the minerals in the granitic HDR, studying the variations in mineral compositions
after HTHP mineral reactions is of crucial importance to further comprehend the
influence of mineral reactions on rock non-closed crack compressive shear initiation.

5. This paper elucidates the influences of mineral reactions on rock non-closed crack
compressive shear initiation with consideration for HDR exploitation, which provides
insights into HDR reservoir damages induced by working fluids. In future works,
compressive shear cracking experiments on rock specimens with non-closed cracks
before and after HTHP mineral reactions will be conducted to further investigate
the influencing mechanisms of mineral reactions on non-closed crack compressive
shear initiation.
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The following abbreviations are used in this manuscript:

HDR Hot dry rock

HTHP High temperature and high pressure
XRD X-ray diffraction

ICP-OES  Inductively coupled plasma optical emission spectrometer
SIF Stress intensity factor

Fsp Feldspar

Qtz Quartz

Bt Biotite

Ab Albite

Mic Microcline

Kfs K-feldspar
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