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Abstract: Altered minerals introduced by water-rock reactions during geothermal energy recovery may

play a role in the frictional properties of fault gouges, perhaps inducing earthquakes. Based on the
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geological conditions of potential geothermal reservoirs in northeastern Shenzhen, this paper considers
the critical pore pressure (about 50 MPa) and critical effective normal stress (about 20 MPa) , which
may lead to reactivation of the Henggang-Luohu fault zone due to fluid injection into a potential
geothermal reservoir at a buried depth of about 2.5 km with the temperature of 150 °C. Under such
hydrothermal conditions (50 MPa fluid pressure and 150 °C), thermodynamic calculations suggest that
the reaction of Yanshanian granular granite and water, at equilibrium, can produce silica, kaolinite,
and chlorite at a mass ratio of 16: 7: 2. Here we report 19 direct shear experiments performed on
simulated fault gouges consisting of the binary mixture of silica + granite, kaolinite + granite, and
chlorite + granite, and the multivariate mixture of silica + kaolinite + chlorite + granite, to investigate
the effects of altered minerals on frictional properties of simulated granite fault gouges. Velocity
stepping experiments were conducted on the wet samples with 10% water content at an initial normal
stress of 20 MPa under drained conditions at room temperature. On this basis and together with acoustic
emission observation and microstructural analysis, we discussed the likely mechanism responsible for
the observed behavior. The results show that, for the presence of a single altered mineral, silica has
little effect on the friction coefficient, though it contributes to velocity weakening and even stick-slip
events. Whereas, clay minerals can significantly decrease the friction coefficient, though they have a
contribution to velocity strengthening. For the presence of a mixture of silica + kaolinite + chlorite,
clay minerals play a dominant role in controlling frictional properties of the simulated fault gouges:
altered minerals can also significantly decrease the friction coefficient and contribute to velocity
strengthening. Development of R1 shear planes was observed using microstructural analysis for the
simulated granite fault gouges consisting of 0% or 33% of the altered minerals, while the R1 shear
plane cannot be observed anymore in the sample consisting of 67% of the altered minerals. The number
of acoustic emission events decreases significantly when the content of the altered minerals is 33%-~
67%. This may indicate a transition in the deformation mechanism from brittle to semi-plastic. Our
study suggests that if geothermal energy recovery is carried out in northeastern Shenzhen, the fluid
injection pressure should be controlled to avoid the slip of the fault.
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Fig. 1 The relationship between normal stress

on fault with buried depth
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Table 1 Mineral composition of fault gouges and experimental results
w/% (a-b)"
bE N x| RS u N
Sil  Kln Chl Gr 1~3 3~10 10~30 30~100

Kin-80 0 80 0 20 0.2838 0.00187 0.00120 0.00121 0.001 98 398

Kin-60 0 60 0 40 0.330 0.00139 0.00130 0.00115 0.00205 683
Kin-40 0 40 0 60 0.403 0.00073  0.00071 0.00036  0.001 46 2123
Kin-30 0 30 0 70  0.464 -0.00009 0.00017  0.00023 -0.00045 3773
g Kin-20 0 20 0 80 0.520 -0.00046 —0.00060 —0.00036 —0.000 52 3742

R Chl-80 0 0 80 20 0.299 0.00134 0.00254 0.00517  0.006 44 326
M Chl-60 0 0 60 40 0.334 0.00082 0.00215  0.00313  0.00536 1 406
Chl-40 0 0 40 60 0.397 -0.00257 -0.00043 0.00063  0.00320 1475
Chl-20 0 0 20 80 0.511 -0.00214 -0.0019 —0.00147 0.000 11 2521
Sil-33 33 0 0 67 0.647 0.00059 -0.00014 -0.00131 -0.00207 5408
Sil-67 67 0 0 33 0.629 -0.00191 -0.00772 -0.00273 -0.00241 11 484
W-33  21.1 9.2 2.7 67 0.556 -0.00139 -0.00143 -0.00182 -0.00091 7974
/;ﬁiiﬂ W-50 32.0 14.0 4.0 50 0.524 -0.00033 -0.00217 -0.00160 —0.000 55 2 549
;@TL%}’FZ; W-67 42.9 18.7 5.4 33 0.471 0.00020 0.00048  0.00124  0.00133 1721

W-100 64.0 28.0 8.0 0 0.318 0.00106 0.00192  0.00322  0.003 10 685
Sil-100 100 0 0 0 0.639 -0.00728 -0.00233 -0.00382 —0.00349 2 664

] Kln-100 0 100 0 0 0.245 0.00246  0.00256  0.00231 0.001 34 871

Z 4l Chl-100 0 0 100 0 0.210 0.00364  0.008 01 0.01070  0.008 70 146
Gr-100 0 0 0 100 0.642 -0.00059 -0.00179 -0.00226 —0.000 79 14 236

1) (a=b) 53R BE 1~3 .3~10.10~30 F130~100 pm/s | 93 BEAK #PE S50
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Fig. 5 Friction coefficient of all samples plotted against shear displacement
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Fig. 7 Effect of single altered mineral kaolinite content on granite fault gouges
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