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fig. S1. Plot of the Wellington CO2 Sequestration Monitoring network (ZA) 

earthquake catalog consisting of 1676 events ranging in M from 0.4 to 4.3 and depth 

from 1 to 11 km. Earthquakes are color-coded by time of occurrence. It can be seen that 

the recent events (blue color) are most common in the central and northeast region of the 

study area, which was not active in the earlier time periods. Each color represents 150 

days with a total of 161 earthquakes in red, 698 in green, 426 in yellow, and 391 in blue. 

  



 

fig. S2. Depth and magnitude distributions of the 150 earthquakes used in this 

study. Most common event depth is 5 km, which is the standard reported depth for very 

shallow earthquakes in the USGS earthquake catalog. A low magnitude cut off of 2.0 was 

used in the study. 

 

  



 

fig. S3. Plot of the minimization of the second eigenvalue (λ2) in ϕ and δt space from 

waveforms shown in fig. S4. Minimizing λ2 is the chosen mathematical way to return a 

covariance matrix that is closest to being singular. With no noise the covariance matrix 

will return λ1 as the only non-zero eigenvalue (31). The white marker (x) is the best 

solution and the white contour line is an estimate of the 95% confidence interval. Angles 

are from 0 to 180, where 0 is west and 180 is east. This solution of approximately 60 

is therefore 30 west of north or 330. 



 

fig. S4. Plot of raw channel data from station WK15 of an M 2.7 earthquake that 

occurred in July 2015. Red solid lines indicate the 2-second window seen in hodogram 

plots of fig. S6. Red dashed line separates the first 10 plots from the second 10 plots 

shown in fig. S6.  

 



 

fig. S5. Hodogram plots of 0.1-s increments corresponding to the 2-s time window 

identified in fig. S4. The time stamp is shown at the top of each hodogram panel. All 

plots are normalized to the same axis values, making the first arrival often the largest 

magnitude plot. The first arrival can be seen in hodograms from 0.6 s to 0.9 s of the 2 s 

window. It is identified by the elliptical motion as well as the magnitude of motion. The 

particle elliptical motion long axis shows a 90° offset from the regional maximum 

horizontal stress orientation (approximately 75°) marked by the red dashed lines. The 

first arrival was chosen based on time windows that exhibit the same direction of 

elliptical motion. 
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fig. S6. Hodogram plot of S-wave splitting that aligns with the maximum horizontal 

stress at approximately 75° (marked with red dashed lines). The first arrival can be 

seen from 2-3 s. This data corresponds to an Mw 2.7 earthquake in February 2012. Each 

hodogram displays a 0.25 second increment cross-plot. Cross-plot panels have a longer 

duration than fig. S5 because the sampling rate of the waveforms is lower. 
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