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Supplementary Figures [image: ]
Supplementary Figure 1-Experimental configuration. Confining stress is applied by pump A, shear stress in applied by pump B, and upstream pore pressure is applied by pump C. Shear displacement is measured by a linear variable differential transformers (LVDT) mounted against the shear loading piston. Normal displacement is monitored by strain gauge (b) Schist sample with detailed dimensional information. (c) Sample with strain gauge assembled.
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Supplementary Figure 2 - Typical experimental curves under two boundary conditions. Data for one complete experiment show the evolution of shear stress (blue), pore pressure (red), and slip distance (black) as a function of time under different boundary conditions: (a) constant shear stress and (b) zero displacement condition. Stage I shows that shear is initiated by a constant loading rate of 10µ/s, passing peak strength (τp) until reaching steady state(τss). Stage II represents shear stress is then decreased to a primed stress (τ0), and last for~220s for Fig.b, and ~230s for Fig.b. ,In Stage III, fractures are reactivated by elevating pore pressure systematically. The black dot shows the pore pressure when fault is reactivated.
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Supplementary Figure 3-The stiffness of fracture. a. Normal stress (black) and aperture change (red) with time during confining. b. Normal stress vs. aperture change with a slope that equal to stiffness of fractures.
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Normalizing seismic moment of laboratory and natural faults.
The maximum seismic moment induced by fluid pressure under laboratory conditions can be estimated based on the following assumptions:
(1). The stiffness of the experimental system is determined by the elastic interaction between the specimen and testing machine, and therefore is assumed to be constant.
(2). The laboratory fault is fully saturated before fluid injection. 
(3). During the experiments, de-aired water is sequentially injected into the fully saturated fault at 0.1 MPa/min to elevate the fluid pressure, and this is sufficiently slow to allow fluid pressure to be uniform at each pressure step. We observe that fluid pressures reach equilibrium rapidly with injection, indicating that the laboratory fault is uniformly pressurized along its full length. 
(4). Based on (2) and (3), the pressurized area and laboratory fault slip area are equivalent. Therefore, the induced ruptures are always confined within the pressurized zone. There is no situation where ruptures extend beyond the pressurized region in our experiments.
The total moment magnitude resulting from the reactivation of the laboratory fault is defined as   (1)
where  is the cumulative moment magnitude,  is the area of the laboratory fault,  is the modulus of rigidity,  is the total shear slip displacement of laboratory fault, and this can be estimated by the shear stiffness of the experimental system.
  (2) 
where  is the shear force that is provided by the axial load from pump B.  is the shear stress change resulting from the shear displacement.
According to the effective stress law (Biot coefficient of 1) with consideration of all possible initial stress states (c varies from 0 to 1), an increase in pore pressure ∆P is sufficient to cause fault failure and rupture as
   (3) 
Combining equations (1), (2), and (3) gives the relation between seismic moment with increased pore pressure
  (4)
Based on assumption (1), the total injected fluid volume is primarily accommodated by fault dilation, defined as
  (5)
where  is change in the aperture of the two fractures in the double-direct-shear sample core, and can be calculated by fracture normal stiffness () given by the change in pore pressure.
  (6)
where  is the effective normal stress and is normal displacement. As normal stress () is controlled by the constant confining pressure, eqn (6) can be simplified as
  (7)
The increased pore pressure can be related to the total injection volume by combing equations (5) and (7)
  (8)
If we substitute equation (8) into (4), we obtain a relationship between seismic moment vs total injection volume based on our laboratory conditions as (J.-P. Ampuero, Pers. Comm.),
  (9)
If the earthquake magnitude-frequency relation follows the Gutenberg-Richter distribution, with coefficient of friction assumed as~0.6 and the b-value set as 1, the maximum anticipated moment magnitude from the laboratory observations is equivalent to  , with a detailed derivation found though eqn (7) to eqn(13) 17.
 (10)
[bookmark: _Hlk50925818]where the rigid-body translations around the laboratory faults are linked to an equivalent modulus via fracture and system stiffnesses. Since the laboratory and natural faults are at different scales and under various constraints, the seismic moment estimated under laboratory conditions must be scaled to the seismic moment under field conditions. Comparing  to the maximum moment magnitude induced by a natural fault in an homogeneously deforming elastic medium (i.e., McGarr, 2014) as
 (11)
requires the application of a scale factor defined as . Thus, the normalized maximum seismic moment for our laboratory slip events are defined as
 (12)


Supplementary Table
	Seismic Moments and Total Injected Volumes Sequence 

	Event 
	ΔV(m3)
	M0(max)
	Type
	Location
	Reference
	Reference

	SJ
	6.50E+04
	8.91E+15
	frack
	Fort St. John ,Canada
	Mahani et al. (2017)
	1

	POH
	1.28E+04
	2.00E+17
	egs
	Pohang (PX-2),South Korea
	Grigoli et al. (2018),
 Kim et al. (2018)
	2,3

	SG
	7.00E+02
	1.00E+14
	egs
	St. Gallen, Switzerland
	Diehl et al. (2017)
	4

	GSF
	1.31E+00
	6.21E+10
	scientific
	southeast France 
	Guglielmi et al., ( 2015)
	5

	
	2.80E+07
	1.12E+15
	wd
	Venus, Texas
	Scales et al. (2017)
	6

	
	1.45E+07
	1.58E+15
	wd
	Dagger Draw, New Mexico
	Sanford et al. (2006)
	7

	
	1.80E+06
	8.91E+15
	wd
	Tejon, Central Valley (WWF), 
Kern County, California
	Goebel et al. (2016)
	8

	
	6.25E+05
	2.11E+16
	wd
	Rocky Mountain 
Arsenal (Denver), Colorado
	Healy et al. (1968)
	9

	
	4.90E+06
	1.00E+17
	wd
	Raton Basin, 
Colorado and New Mexico
	Rubenstein et al. (2014)
	10

	
	2.00E+02
	5.62E+05
	frack
	Western Canada
	Maxwell et al. (2009)
	11

	
	1.10E+03
	5.62E+08
	frack
	Cotton Valley, Texas
	Urbancic et al. (1999)
	12

	
	9.42E+04
	2.24E+12
	frack
	Ryser well, 
Harrison County, Ohio
	Friberg et al. (2014)
	13

	
	3.02E+05
	1.26E+13
	frack
	Fox Creek (Well Pad 4)
	Bao and Eaton (2016)
	14

	
	1.26E+05
	2.51E+13
	frack
	Fox Creek (Well Pad 2)
	Bao and Eaton (2016)
	14

	
	4.03E+04
	2.51E+13
	frack
	Fox Creek (Well Pad 5)
	Bao and Eaton (2016)
	14

	
	3.74E+04
	3.55E+13
	frack
	Fox Creek (Well Pad 6)
	Bao and Eaton (2016)
	14

	
	2.68E+04
	3.98E+14
	frack
	Fox Creek (Well Pad 3)
	Bao and Eaton (2016)
	14

	
	6.11E+04
	7.94E+14
	frack
	Fox Creek (Well Pad 1)
	Bao and Eaton (2016)
	14

	
	1.30E+04
	3.55E+07
	egs
	Groẞ-Schönebeck,Germany
	Zang et al. (2014)
	15

	
	5.60E+03
	5.62E+11
	egs
	Bad Urach,Germany
	Evans et al. (2012)
	16

	
	1.01E+04
	1.12E+12
	egs
	Ogachi (OGC-1),Japan
	Kaieda et al. (2010)
	17

	
	4.13E+04
	4.32E+12
	egs
	Newberry,US
	Breede et al. (2013)
	18

	 
	3.10E+03
	6.31E+12
	egs
	Well Paralana 2,Australia
	Albaric et al. (2014)
	19
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