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This file supplements data associated with the publication: "Creep fronts and complexity in laboratory earthquakes sequences" Nature Geosciences
Authors: Sara Beth L. Cebry* (sbl84@cornell.edu), Chun-Yu Ke* (ck659@cornell.edu), Srisharan Shreedharan (sus519@psu.edu), Chris Marone (chris.marone@uniromal.it), David S. Kammer (dkammer@ethz.ch), Gregory C. McLaskey (gcm8@cornell.edu).
* coequal authors


Dataset Description:

These data are from Laboratory Earthquake Experiments from the Cornell 0.76 m apparatus in support of the following research: 

Earthquakes occur in clusters or sequences that arise from complex triggering mechanisms, but direct measurement of the slow subsurface slip responsible for delayed triggering is rarely possible. We investigate the origins of complexity and its relationship to heterogeneity using an experimental fault with two dominant seismic asperities. The fault is composed of quartz powder, a material common to natural faults, sandwiched between 760 mm long polymer blocks that deform the way 10 meters of rock would behave. We observe periodic repeating earthquakes that transition into aperiodic and complex sequences of fast and slow events. Neighboring earthquakes communicate via migrating slow slip, which resembles creep fronts observed in numerical simulations and on tectonic faults. Utilizing both local stress measurements and numerical simulations, we observe that the speed and strength of creep fronts are highly sensitive to fault stress levels left behind by previous earthquakes, and may serve as on-fault stress meters.

When utilizing this data, please cite as listed below, and provide reference to one or more of the following associated publications:

Dataset:
Cebry, S. B. L., Ke, C.-Y., Srisharan, S., Marone, C., Kammer, D. S., and McLaskey, G. C. (2022) Data from: Creep fronts and complexity in laboratory earthquake sequences illuminate delayed earthquake triggering [dataset]. Cornell University eCommons Repository. https://doi.org/10.7298/4rmf-w308

Publications:	
Cebry, S. B. L., Ke, C.-Y., Srisharan, S., Marone, C., Kammer, D. S., and McLaskey, G. C. (2022) Creep fronts and complexity in laboratory earthquake sequences illuminate delayed earthquake triggering, Nature Communications, in revision.


This work was sponsored by National Science Foundation grants EAR-1763499, EAR-1847139, and EAR-1763305, European Research Council Advance Grant 835012 (TECTONIC), and US Department of Energy grants DE- SC0020512 and DE-EE0008763.

These data are shared under a Creative Commons Universal Public Domain Dedication (CC0 1.0); the data will be openly available for re-use, modification and distribution; proper attribution to the original data creators is expected. See citation information above.


File labelling:

All .mat data files are zipped together and can be unpacked using any common decompression tools (eg. WinZip, 7-Zip, Archive Utility etc).

QS04_021

Experiments were conducted over the course of several hours and utilized two data acquisition systems. One system recorded at a low sampling rate for the duration of the experiment. This data set is labeled "QS04_021_full". The second system recorded at a higher sampling rate which required data to be saved in separate chunks. For catalog purposes, each chunk of data was labeled consecutively. For example "QS04_021_data3" denotes the third set of data in experiment QS04_021.

Each .mat file is a MATLAB structure with 3 fields: ‘t’, ‘startTime’ and ‘data’. 


QS04_021_full:

‘t’ is a time vector describing the time stamp of each data point found in ‘data’. All data were recorded at 100 Hz. Full data does not have any corresponding triggered data and therefore has a single structure with 'startTime' of 0 s. 

‘data’: Row 1 are data from the string potentiometer located at the forcing end of the sample to measure the cumulative slip at the forcing end. Data is in Volts where 1 V is 1.347 in. 

‘data’: Row 2 are data from the hydraulic pressure sensor in the shear loading cylinder (North side). Data is in Volts where 5 V is 10,000 psi. The conversion from Voltage to sample average shear stress is 4.7 MPa/V. 

‘data’: Row 3 are data from the hydraulic pressure sensor in the array of normal loading cylinder (East side). Data is in Volts where 5 V is 10,000 psi. The conversion from Voltage to sample average normal stress is 9.3 MPa/V.


QS04_021_data*

The first entry of the MATLAB structure is continuously recorded data while subsequent entries are blocks of triggered data. If there is only one entry in the structure, then triggered data was not recorded. Continuous data was recorded at various sampling rates, data 1-3 were recorded at 50 Hz. Data 4-7 and 10 were recorded at 50 kHz then averaged down to 5 kHz while saving. Data 8-9 was recorded and saved at 50 kHz. Triggered blocks are recorded in trigger mode at 1 kHz for data 1 and 10 kHz for data 7. Triggered blocks were not recorded for data 2-6 and 8-10.


‘t’ is a time vector describing the time stamp of each data point found in ‘data’. 

‘startTime’ indicates the time the trigger started relative to the start of the experiment. Continuous data has a ‘startTime’ of 0 s. 

‘data’: Rows 1-8 are data recorded from eddy current sensor channels E1 - E8, respectively. E1 is near the forcing end (North) and E8 is near the leading edge (South) of the sample. All data is in units of Volts and the conversion factor is 128 microns/V.

‘data’: Row 9 are data from the hydraulic pressure sensor in the shear loading cylinder (North side). Data is in Volts where 5 V is 10,000 psi. The conversion from Voltage to sample average shear stress is 4.7 MPa/V. 

‘data’: Row 10 are data from the hydraulic pressure sensor in the array of normal loading cylinder (East side). Data is in Volts where 5 V is 10,000 psi. The conversion from Voltage to sample average normal stress is 9.3 MPa/V.

‘data’: Row 11 (not recorded for data 1 and 2) are data recorded from eddy current sensor located on the low friction interface of the apparatus where normal stress is applied. All data is in units of Volts and the conversion factor is 128 microns/V.

‘data’: Rows 12-15 (Rows 11-14 data 1 and 2) are the output from sensors PZ1-PZ4 recorded with a digitization range of -100 mV to 100 mV.

‘data’: Rows 16-19 (Rows 15-18 data 1 and 2) are the output from sensors PZ1-PZ4 recorded with a digitization range of -2.5 V to 2.5 V.
 
Sensor Setup: Below are the coordinates of the eddy displacement sensors E1-E8. The origin of the coordinate system is the top NE corner of the stationary block. 

Sensor	X(m)	Y(m)	Z(m)
E1		0.03	0	0
E2		0.13	0	0
E3		0.23	0	0
E4		0.33	0	0
E5		0.43	0	0
E6		0.53	0	0
E7		0.63	0	0
E8		0.73	0	0

PZ sensor locations: Below are the coordinates of the piezoelectric sensors PZ1-PZ8. The origin of the coordinate system is the top NE corner of the stationary block.

Sensor	X (m)		Y(m)		Z(m)
PZ1     	0.152		0.038		0
PZ2  		0.304		0.038		0
PZ3		0.456		0.038		0
PZ4		0.608		0.038		0


QS04_023

File labelling:
Experiments were conducted over the course of several hours and utilized two data acquisition systems. One system recorded data from a string potentiometer, hydraulic pressure sensors (shear loading cylinders), and 7 strain gauge pairs. Data from this system will be labeled "QS04_023_data*_Elsys1". The second system recorded data from 9 eddy current displacement sensors, 2 hydraulic pressure sensors (shear and normal loading cylinders), and 4 piezoelectric sensors. Data from this system will be labeled "QS04_023_data*_Elsys2". 

For this experiment, both systems recorded at a higher sampling rate which required data to be saved in separate chunks. For catalog purposes, each chunk of data was labeled consecutively. For example "QS04_023_data3" denotes the third set of data in experiment QS04_023.

Each .mat file is a MATLAB structure with 3 fields: ‘t’, ‘startTime’ and ‘data’. ‘t’ is a time vector describing the time stamp of each data point found in ‘data’. ‘startTime’ indicates the time the trigger started relative to the start of the experiment. Continuous data has a ‘startTime’ of 0 s. 

Continuous data was recorded at various sampling rates. Data 1-3 were recorded at 50 Hz. Data 4-10 were recorded at 50 kHz then averaged down to 5 kHz while saving. 


QS04_023_data*_Elsys1

‘data’: Row 1 are data from the hydraulic pressure sensor in the shear loading cylinder (North side). Data is in Volts where 5 V is 10,000 psi. The conversion from Voltage to sample average shear stress is 4.7 MPa/V. 

‘data’: Row 2 are data from the string potentiometer located at the forcing end of the sample to measure the cumulative slip at the forcing end. Data is in Volts where 1 V is 1.347 in. 

‘data’: Rows 3-9 are data recorded from strain gauge pairs located 5 mm from the gouge filled fault, channels S1 - S8 (excluding S5), respectively. S1 is near the forcing end (North) and S8 is near the leading edge (South) of the sample. All data is in units of Volts and the conversion factor is 748 MPa/V for stress and 0.374 / V for strain.

Sensor	X(m)	Y(m)	Z(m)
S1		0.03	0	0
S2		0.13	0	0
S3		0.23	0	0
S4		0.33	0	0
S6		0.53	0	0
S7		0.63	0	0
S8		0.73	0	0


QS04_023_data*_Elsys2
‘data’: Rows 1-8 are data recorded from eddy current sensor channels E1 - E8, respectively. E1 is near the forcing end (North) and E8 is near the leading edge (South) of the sample. All data is in units of Volts and the conversion factor is 128 microns/V.

‘data’: Row 9 are data from the hydraulic pressure sensor in the shear loading cylinder (North side). Data is in Volts where 5 V is 10,000 psi. The conversion from Voltage to sample average shear stress is 4.7 MPa/V. 

‘data’: Row 10 are data from the hydraulic pressure sensor in the array of normal loading cylinder (East side). Data is in Volts where 5 V is 10,000 psi. The conversion from Voltage to sample average normal stress is 9.3 MPa/V.

‘data’: Row 11 are data recorded from eddy current sensor located on the low friction interface of the apparatus where normal stress is applied. All data is in units of Volts and the conversion factor is 128 microns/V.

‘data’: Rows 13-16 are the output from sensors PZ1-PZ4 recorded with a digitization range of -250 mV to 250 mV.

Sensor Setup: Below are the approximate coordinates of the eddy displacement sensors E1-E8. The origin of the coordinate system is the top NE corner of the stationary block. 

Sensor	X(m)	Y(m)	Z(m)
E1		0.03	0	0
E2		0.13	0	0
E3		0.23	0	0
E4		0.33	0	0
E5		0.43	0	0
E6		0.53	0	0
E7		0.63	0	0
E8		0.73	0	0

PZ sensor locations: Below are the coordinates of the piezoelectric sensors PZ1-PZ8. The origin of the coordinate system is the top NE corner of the stationary block.

Sensor	X (m)		Y(m)		Z(m)
PZ1     	0.152		0.038		0
PZ2  		0.304		0.038		0
PZ3		0.456		0.038		0
PZ4		0.608		0.038		0


