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Figure S1. a) Structural-tectonic map of the Polish part of the Baltic region including the
estimated area of resources of shale gas (yellow area) and shale oil (green area) in a model with
thickness at least of 15 m of shale formation with Total Organic Carbon (TOC) contents > 2 %
wt'. Fault structures (red lines) and the separation between the Caledonian collision zone and the
Baltic Basin (brown line) are shown'”. b) Zoom at the Wysin site showing the monitoring
system and faults structure. Pre-operational surveys based on seismic profiles’ revealed parallel
faults structure (red dashed lines) to the closest main fault (red line). The monitoring system
includes broad-band stations (green triangles), short-period stations (black triangles) and
borehole stations (red circles). Horizontal fracking wells (blue lines) are shown. Wellhead of the
Wysin site (blue dot) and Koscierzyna IG-1 research borehole (black dot) are also shown on both

figures.
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Figure S2. Comparison of local crustal model for the Wysin site according the high-resolution 3-
D seismic model for Poland at the location of the fracking site’ and the results from the
Koscierzyna 1G-1 research borehole located 8.25 km from the Wysin’s wellhead. Each layer is
identified with the name and the density value in g/cm’ (°). The thick black dashed lines indicate
the depth of the west and east horizontal fracking wells.
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Figure S3. a) Seismograms from the borehole station GWS1 (vertical component) for a whole
day (2016, June 11"™). Time increases from top to bottom and from left to right. Time marks are
at 1-min intervals, and each line is 15 min apart from the adjacent lines. Two frac stages are
identified in different times (06:42:18 - 08:21:13 and 14:40:40 - 16:19:29). b) Spectrogram over
3 h (with 1Is windows) for GWSI1 during the first frac stage in this day. ¢) and d) Magnitude
(absolute value) of the frequency spectrum over 10 min during the time intervals indicated in b).
Yellow bands and boxes show the main peak frequencies and their values.
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Figure S4. Total volume of injected fluid (cyan bars), SNAI duration (red dots) and maximum
pressure (black squares) for each frac stage (F1 to F11). The results are shown for each
horizontal HF drilling: Wysin-2H (left) and Wysin-3H (right).
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Figure S5. SNAI amplitudes in each borehole station for the different frac stages (F1 to F11)
during HF stimulations at: a) Wysin-2H and b) Wysin-3H. We show a reference baseline using
the average amplitudes during day hours between 6:00 and 18:00 h from a quiet period. Trend

lines and SNAI ratios (ksa) are estimated from the SNAI amplitudes in each borehole station
(Method M2).

le—6 Wysin-2H le—6 Wysin-3H
2.0 “\ --- A=al/r,a=5.4e - 07 2.0 “\ ---- A=a/r,a=4.9e - 07
! \\ m data ’ ‘\‘ m data
\ o model \ o model
1.5 \ 1.5 \
E \\ Q \\\
8 AN
E 1.0 AN g 1.0 1 N
< . < L}
SN A
0.51 o 0.51 T
T m T
0.0 " i T ; " i " 0.0 " r T ; " i T
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00

Distance (km) Distance (km)

Figure S6. SNAI amplitudes recorded in each borehole stations (black squares) are fitted
through a geometrical spreading law with attenuation constant, a (red dashed line). These
adjustments correspond with the SNAI locations shown in Fig. 3 (Method M3).
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¢) Array detection (PLAX)
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Figure S7. Examples of different kinds of detections (see top label for each box). Each trace
shows the recorded signal for each seismic station. Waveforms are band-pass filtered in the
frequency range 2—-15 Hz. The time (s) is shown on the x-axis, and the reference time is
displayed in the lower left corner of each box.
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Figure S8. Diurnal variation of the number of local detections in the PLAX array. The x-axis
shows the UTC hour (local time= UTC+2:00).
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Figure S9. Zoom in Fig. 5 around the HF stimulations at Wysin-2H (left) and Wysin-3H (right).
Each detection is identified by the time and the maximal coherence (A.f) obtained from Lassie
detector (Method M4). The dataset has been classified manually according different categories
(see legend in each box). Yellow bands indicate the SNAI duration associated to each frac stage

(F1 to F11). Time marks are at 6-hour intervals.
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Figure S10. Hypocentral location on 2016 August 31", 23:08:47 UTC time (Method M5). a)
Waveforms sorted by hypocentral distance. b) Characteristic function (normalized amplitude
envelopes) for each trace. These are used for travel-time stacking corrected with S-wave speed
(red lines). The markers indicate the (best fit) synthetic arrival time of the S-phase at each sensor.
c) Coherence (stack) map for the search region. Dark colors denote high coherence values. A
white star marks the location of the detected event. Sensor locations are shown with black
triangles. d) Global detector level function in a processing time window from -20 to 20 s around
the origin time of the detected event. The cutout time window used for the coherence map is
shown in gray color. White star indicates the detection exceeding a detector level threshold of
80.
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Figure S11. Waveforms sorted by hypocentral distance for the detected events on 2016 June 25™
(left) and August 31™ (right). Source-receiver distance in km and the seismic station name are
indicated in the label of each trace. Waveforms are band-pass filtered in the frequency range 2—

15 Hz.
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Figure S12. Zoom in Figure 8 around the HF stimulations at Wysin-2H (left) and Wysin-3H
(right). Correlation among fluid volumes injected, seismicity, air pollution and groundwater
conditions. Yellow bands indicate the SNAI duration associated to each frac stage (F1 to F11).
Time marks are at 6-hour intervals. (a) Fluid volumes injected in each frac stage and the
cumulative volume. (b) Distribution of local HF detections per hour. (¢c) Methane content (CHa)
in ppm. (d-h) Water levels, temperature and specific conductivity (black, gray and green line,
respectively) for each groundwater borehole. Note the same height is shown in y-axes for the
water levels (0.4 m), temperature (0.03°C) and specific conductivity (30 uS/cm).
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Figure S13. Zoom in Figure & during 6-day intervals around the largest seismic events recorded
after HF operations at the Wysin site: the M,, 1.0, 2016 June 25™ (left) and the M,, 0.5, 2016
August 31% (right). Correlation among fluid volumes injected, seismicity, air pollution and
groundwater. Time marks are at 6-hour intervals. (a) Cumulative volume injected. (b)
Distribution of local HF detections per day (left axis) and the located events with M,, (red stars,
right axis). (¢) Methane (CH4) in ppm. (d-h) Water levels, temperature and specific conductivity
(black, gray and green line, respectively) for each groundwater borehole. Note the same height is
shown in y-axes for the water levels (0.4 m), temperature (0.03°C) and specific conductivity (30
uS/cm). Vertical red dashed lines in c) to g) indicate the time of the largest seismic events
according the red stars in b).
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Figure S14. Total volume of injected fluid from the start of injection until the time of the largest
induced earthquake versus seismic moment (in N-m on left axis, equivalent moment magnitude
on the right axis). Observations of different induced seismicity cases®”’ including hydraulic
fracturing (blue color) and others (wastewater disposal, geothermal and scientific projects - gray
color). For completeness, we also include the maximum magnitude predicted by McGarr®
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volume from the stage prior to event occurrence (minimum) to the sum of volumes for all stages
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Depth (m) Chronostratlgraphy Main formations
from to Period Stage
0 158 Quaternary quartz sand, gravels, silts, clays
158 295 Neogen & quartz sandl, silts, geza, limestone,
Paleogen granite, boulder clay
225 293 Maastrichtian quartz sand, gravel, marls
293 501,5 Campanian | calcareous sandstone, marl, geza
501,5 607 Santonian quartz-glauconitic sandstones
Ao uartz-glauconitic sandstones, geza,
607 640 Cretaceous | Coniacian | 9 g mudstones g
640 792 Turonian gray mudstone
792 810 Cenomanian siltstone, quartz sandstone
810 838,5 Albian sand, sandstone, gravel, siltstone
838,5 875 Kimmeridgian siltstone
875 | 10275 Oxfordian oolitic Iim.estone, sandy limestone,
sandy siltstone, clay mudstones
1027,5| 1035 Jurassic Callovian clays, calcareous sandstones
1035 | 1047,5 Bajocian siltstones, sandstones
1047,5| 1051 Dogger siltstones, sandstones
1051 1089 Pliensbachian sandstone

Upper Main mudstones, anhydrite, dolomite, rock

1699 | 20953 Pe?r’rJlian annhydrite A3 salt, I¥mest0ne
20953 | 2173 Placé\llgi 5 claystone

2173 | 2560 Upper Siedlce claystone

2560 2745 Middle Siedice claystone, siltstone

2745 3360 Lower Siedlce claystone, siltstone

3360 | 3960 Silurian  |Upper Mielnik claystone, siltstone

3960 | 4205 Lower miernik claystone, siltstone

4205 | 43025 Upper Bielsk claystone
4302,5 | 4326,5 Lower Bielsk claystone

claystone, black tarry and bitumen

wp | AR LT ai7ery ghale, sandstong limestone

4398 | 4403 Katian — Aszgil claystone

4403 | 4418 Caradok claystone, bentonite, limestone

4418 | 4419,5 | Ordovician Landeil limestone
44195 | 44211 Landwirn limstone, claystone
4421,1| 4438,9 Arenig claystone, sandstone, siltstone
44389 | 4748 . nggrei);n siltstone, sandstone, claystone

Cambrian

4748 | 5026,7 Cla;r%ﬁ;n sandstone, siltstone, claystone
5026,7 | 5154,9 Proterazoic Ediacaran sandstone, enderbit
5154,9 | 5202 Precambrian enderbit, mylonite

Table S1. Lithology-stratigraphic profile for the Koscierzyna IG-1 research borehole located to
8.25 km from the Wysin’s wellhead'".
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