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Supplementary Text

S1: Stage drop-out test at PNR-1z

Here, we perform a perturbation analysis to better understand how the EW-test responds
to poorly-resolved cases. To do so, we start with the PNR-1z dataset and perform the EW-test
using data from all the stages as a single cluster. We then omit the first stage from the cluster of
earthquakes and then perform the EW-test again. This drop-out process is sequentially repeated
until only the last stage is left. This perturbation is the same as those already presented in this
manuscript, and similar to those from prior studies (Schultz et al., 2025).

We plot a smoothed version of this analysis (Figure S16). This analysis indicates that the
best resolved cluster is (unsurprisingly) the one that includes all stage information, with a best-fit
n-exponent of ~1.6. As initial stages sequentially drop-out, the confidence in the cluster being
bound generally decreases and the n-exponent also decreases. Eventually enough data is removed
such that we fall below the thresholds for statistical confidence and an n-exponent of 0.5 is
approached.

Generally, this observation supports our interpretation of bound-fractures and unbound-
faults (Figure 13). In this drop-out analysis, omitting earlier stages would be expected to
increasingly ignore the initial creation of the fracture network. In this sense, drop-out
progressively emulates stimulation into a large pre-existing fracture network. Thus, an unbound
response is expected in the limit of only considering the last stage — since there is already a large
and extensive pre-existing fracture network for Mrr events to grow into uninhibited. If enough
drop-out stages are reincorporated back into the cluster, the response starts appearing tectonic-like
(or X-like), since the (apparent) unbound growth eventually encounters an abrupt upper limit (and
this limit is not well-resolved enough to sense its change with time). Next, an intermediate amount
of drop-out would encounter this abrupt upper limit, and start to sense its change with time, but
not well enough to accurately constrain the n-exponent. In the final limit, our data is well-resolved
enough to accurately constrain the true n-exponent.

This highlights the importance of capturing the initial MiLrc events for accurate EW-test
results for cases with volume-based Mmax. Conversely, this also highlights a potential
observational bias within the EW-test, regarding the accuracy of the n-exponent. Because of this,

we favour the observational bias as the most likely explanation of the X-like n-exponent (Figure
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15). We note that this observational bias will likely be relevant in realistic settings — such as for

hydraulic fracturing stimulations starting in a perforated well. Potentially, this bias could be

accounted for by including a y-intercept term to volume-based Mmax relationships.
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Supplementary Figures
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Figure S1. Using the EW-test to discern between Mvax models for HF1 at the Aspé HRL. In
the top panel, the catalogue of earthquake magnitudes (red circles) and the observed Mrirg
sequence (red lines & circles), and expected Mrrg at the 10/50/90 percentiles (red dashed lines)
are tested using three Mmax assumptions (blue lines). In the bottom panel, AIC/BIC-based
ensemble model weights (blue bars) using all data prior to each new Mirg value are shown.
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Figure S2. Using the EW-test to discern between Mvax models for HF6 at the Aspé HRL. In
the top panel, the catalogue of earthquake magnitudes (red circles), the observed Mrrg sequence
(red lines & circles), and expected Mrrg at the 10/50/90 percentiles (red dashed lines) are tested
using three Mmax assumptions (blue lines). In the bottom panel, AIC/BIC-based ensemble model
weights (coloured bars) using all data prior to each new event are shown.
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Figure S3. Using the EW-test to discern between Mvax models for HF3 at the Aspé HRL. In
the top panel, the catalogue of earthquake magnitudes (red circles), the observed Mrrg sequence
(red lines & circles), and expected Mrrg at the 10/50/90 percentiles (red dashed lines) are tested
using three Mmax assumptions (blue lines). In the bottom panel, AIC/BIC-based ensemble model
weights (coloured bars) using all data prior to each new event are shown.
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Figure S4. Using the EW-test to

discern between Mmax models for N142 at SURF

Experiment #1. In the top panel, the catalogue of earthquake magnitudes (red circles), the

observed Mrrg sequence (red lines & ¢

ircles), and expected Mrrg at the 10/50/90 percentiles (red

dashed lines) are tested using three Mmax assumptions (blue lines). In the bottom panel, AIC/BIC-
based ensemble model weights (coloured bars) using all data prior to each new event are shown.

Page 7



103

104
105

106
107
108
109
110
111
112

-1.6 - -
| M, 1, McGarr SURF Expenmenyt',"#_l,—r'“
) MMAXGalls N128 o
M)yax Tectonic e - - - — — — — === —
292 M, ax Unbound - - -
3 ——— - P
Q 24 >
S 2.6 - e ®
] 2 °
= o8l =/ o
- / L P °
83— — = — -
— ®
. e - PY ® [ ] * L
-32 - . .
c . e o o P e %
BAr = . e | e *, o o -.. o.cf
10° 10'
Chronological Event Number
1
Unbound
0.8 - _
2 .
So06 Tectonic i
()]
=
©
B 0.4 _
=
0.2 _
0 I ——*
10° 10’

Chronological Event Number

Figure S5. Using the EW-test to discern between Mwmax models for N128 at SURF
Experiment #1. In the top panel, the catalogue of earthquake magnitudes (red circles), the
observed MLrc sequence (red lines & circles), and expected Mrrg at the 10/50/90 percentiles (red
dashed lines) are tested using three Mmax assumptions (blue lines). In the bottom panel, AIC/BIC-
based ensemble model weights (coloured bars) using all data prior to each new event are shown.
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Figure S6. Using the EW-test to discern between Mmax models for HF2 at the GTS. In the
top panel, the catalogue of earthquake magnitudes (red circles), the observed Mrrc sequence (red
lines & circles), and expected MLrg at the 10/50/90 percentiles (red dashed lines) are tested using

three Mmax assumptions (blue lines).

In the bottom panel, AIC/BIC-based ensemble model

weights (coloured bars) using all data prior to each new event are shown.
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Figure S7. Using the EW-test to discern between Mmax models for HSS at the GTS. In the
top panel, the catalogue of earthquake magnitudes (red circles), the observed Mrrc sequence (red
lines & circles), and expected MLrg at the 10/50/90 percentiles (red dashed lines) are tested using

three Mmax assumptions (blue lines).

In the bottom panel, AIC/BIC-based ensemble model

weights (coloured bars) using all data prior to each new event are shown.
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Figure S8. Using the EW-test to discern between Mmax models for HS8 at the GTS. In the
top panel, the catalogue of earthquake magnitudes (red circles), the observed Mrrc sequence (red
lines & circles), and expected Mrrg at the 10/50/90 percentiles (red dashed lines) are tested using
three Mmax assumptions (blue lines). In the bottom panel, AIC/BIC-based ensemble model
weights (coloured bars) using all data prior to each new event are shown.
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Figure S9. Using the EW-test to discern between Mmax models for HF8 at the GTS. In the
top panel, the catalogue of earthquake magnitudes (red circles), the observed Mrrc sequence (red
lines & circles), and expected MLrg at the 10/50/90 percentiles (red dashed lines) are tested using

three Mmax assumptions (blue lines).

In the bottom panel,

AIC/BIC-based ensemble model

weights (coloured bars) using all data prior to each new event are shown.
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Figure S10. Using the EW-test to discern between Mmax models for HF3 at the GTS. In the
top panel, the catalogue of earthquake magnitudes (red circles), the observed Mrrc sequence (red
lines & circles), and expected MLrg at the 10/50/90 percentiles (red dashed lines) are tested using
In the bottom panel, AIC/BIC-based ensemble model

three Mmax assumptions (blue lines).
weights (coloured bars) using all data prior to each new event are shown.
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Figure S11. Using the EW-test to discern between Mmax models for HS3 at the GTS. In the
top panel, the catalogue of earthquake magnitudes (red circles), the observed Mrrc sequence (red
lines & circles), and expected MLrg at the 10/50/90 percentiles (red dashed lines) are tested using

three Mmax assumptions (blue lines).

In the bottom panel, AIC/BIC-based ensemble model

weights (coloured bars) using all data prior to each new event are shown.
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Figure S12. Using the EW-test to discern between Mmax models for HS1 at the GTS In the
top panel, the catalogue of earthquake magnitudes (red circles), the observed Mrrc sequence (red
lines & circles), and expected Mrrg at the 10/50/90 percentiles (red dashed lines) are tested using

three Mmax assumptions (blue lines).
weights (coloured bars) using all data prior to each new event are shown.

In the bottom panel, AIC/BIC-based ensemble model
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Figure S13. Using the EW-test to discern between Mmyax models for HS2 at the GTS. In the
top panel, the catalogue of earthquake magnitudes (red circles), the observed Mrrc sequence (red
lines & circles), and expected Mrrg at the 10/50/90 percentiles (red dashed lines) are tested using
In the bottom panel, AIC/BIC-based ensemble model

three Mmax assumptions (blue lines).
weights (coloured bars) using all data prior to each new event are shown.
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Figure S14. Using the EW-test to discern between Myax models for HF5 at the GTS. In the
top panel, the catalogue of earthquake magnitudes (red circles), the observed Mrrc sequence (red
lines & circles), and expected Mrrg at the 10/50/90 percentiles (red dashed lines) are tested using
three Mmax assumptions (blue lines). In the bottom panel, AIC/BIC-based ensemble model

weights (coloured bars) using all data prior to each new event are shown.
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Figure S15. Using the EW-test to discern between Mmax models for HF6 at the GTS. In the
top panel, the catalogue of earthquake magnitudes (red circles), the observed Mrrc sequence (red
lines & circles), and expected Mrrg at the 10/50/90 percentiles (red dashed lines) are tested using

three Mmax assumptions (blue lines).
weights (coloured bars) using all data prior to each new event are shown.

In the bottom panel, AIC/BIC-based ensemble model
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Figure S16. Drop-out test applied to the PNR-1z data. The EW-test is repeated, with initial
stages being sequentially omitted. Odds ratios of drop-out clusters (solid lines; relative to the
unbound null hypothesis) are plotted alongside statistical confidence thresholds (horizontal dotte
lines). The trend of relative odds ratio maxima, as a function of drop-out stages, is also highlighted
(dashed black line). Note that relative odds ratios are capped at 10* to facilitate an easier
comparison via plotting. See also Figure 14b.
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