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O2.3–448Motivation: We would like to routinely and robustly differentiate among explosions,
earthquakes, collapses (+volcanic, landslides, meteors, induced, and any possible
seismic sources)

Figure from Sleuthing seismic signals (Walter, 2009, LLNL S&T Mag.)

(−1,−1,−1)

(0,−1,−1)

(2,−1,−1)

(1,0,0)

(1,1,1)

(1,1,0)

(1,1,−2)

(0,0,−1)

(3,1,1)

(−1,−1,−3)












































































































































































 
 

 

Explosions

Collapses

Earthquakes

The source-type lune (Tape & Tape, 2012). Different seismic
events separate into different parts on the lune
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O2.3–448Kiruna, northern Sweden Tennessee, USA Norpakh, Kola Peninsula, Russia

2020-05-18 01:11:56.20
Kiirunavaara iron mine,
underground
mb 4.7 (IDC, nsta 39)
Ms 3.9 (IDC, nsta 71)
253 geophones (not openly available)

80,000 aftershocks −3 < M < 2.0

The Kiruna seismic event: important insights from the
geotechnical model (Mawson et al., 2022)

2021-08-13 11:57:34.970
Crab Orchard Mine and Mill,
limestone, underground
mb 4.0 (IDC, nsta 2)
Ms N/A (IDC, nsta 0)
ML 3.7 (IDC, nsta 2)

www.crossvillenews1st.com
www.therobotreport.com/how-robots-helped-a-collapsed-

mine-get-back-in-operation/

2022-03-05 00:13:25
Apatite mine, open pit (?)
mb 4.0 (IDC, nsta 18)
Ms 3.6 (IDC, nsta 27)
Near nuclear test sites

5 March 2022 event

Nuclear tests (PNEs)
     1972 and 1984

Harris & Kvaerna (2010)
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O2.3–448Screening explosions at IDC using Event Screening Criteria

Not screened out if Score<0
(i.e. could be an explosion)

Event screening line

Ford & Walter (2014) (left: Selby et al., 2012)

mb − Ms + 1.96σM < 0.64∗

∗ Eq. 43, IDC/OPS/MAN/001/Rev.3, Sec. 7.3.2

WGB report, Session 34 of the Preparatory Commission,

CTBT/PC-34/WGB/1

Kiruna Event 18914909 (mb 4.7, Ms 3.0)
[NS] NOT SCREENED OUT. Score –2.03

Tennessee Event 20919773 (mb 4.0, Ms N/A)
[IS] INSUFFICIENT DATA. No Ms

NW Russia Event 21879684 (mb 4.0, Ms 3.6)
[SO] Screened out. Score 0.23
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O2.3–448Methodology

Moment tensor
estimation

Propose focal
mechanism
Compute synthetic
seismograms
Compare
observed:synthetic
Repeat 40M times
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O2.3–448Application to the 6 North Korea nuclear explosions
Full Moment Tensor Analysis of Nuclear Explosions in North Korea (Alvizuri & Tape, 2018a, SRL Special Issue)
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O2.3–448Kiruna event: Moment tensors and waveform fits
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Event 20200518011155328 Model crust1se Depth 1

FM 162 59 54 Mw 4.50 γ   5 δ -48 rms 3.150e-01 VR 90.1 pol_wt 999.00

Filter periods (seconds): Body:0.40-1.00. Surf:5.00-20.00 duration: 1.00/0.50 s

# norm L1    # Pwin 5 Swin 300    # N 116 Np 0 Ns 310
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O2.3–448Kiruna event: Moment tensor and source type analysis, IMS only
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O2.3–448Kiruna event: Moment tensor and source type analysis, IMS + open
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Event 20200518011155328 Model crust1se Depth 1

FM 162 59 54 Mw 4.50 γ   5 δ -48 rms 3.150e-01 VR 90.1 pol_wt 999.00

Filter periods (seconds): Body:0.40-1.00. Surf:5.00-20.00 duration: 1.00/0.50 s

# norm L1    # Pwin 5 Swin 300    # N 116 Np 0 Ns 310

Total stations: 116, 80–1439 km. Snippet 80–275 km

Event 20200518011155328, M 4.50
Lon   20.1931, Lat   67.7951
Dep 0.0 km (inversion 1 km)

(γ, δ)VR = (5”, -50”) (γ, δ)p = (22”, -55”)
max max

[No polarities]
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O2.3–448Tennessee event: Moment tensor and source type analysis, IMS + open
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Event 20210813115734970 Model crust1USTN Depth 1

FM 311 81 73 Mw 4.10 γ -14 δ -67 rms 3.388e-01 VR 88.5 pol_wt 999.00

Filter periods (seconds): Body:0.50-2.50. Surf:2.00-5.00 duration: 1.00/0.50 s

# norm L1    # Pwin 2 Swin 100    # N 42 Np 0 Ns 105

Total stations: 42, 89–677 km. Snippet: 89–136 km

Event 20210813115734970, M 4.10
Lon  -84.8530, Lat   35.9160
Dep 0.2 km (inversion 1 km)

(γ, δ)VR = (5”, -70”) (γ, δ)p = (-22”, -55”)
max max

[No polarities]
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O2.3–448NW Russia event: Moment tensor and source type analysis, IMS + open
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O2.3–448Consistent –ISO (collapse) mechanisms for the three events
Kiruna, Sweden
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Tennessee, USA
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NW Russia
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O2.3–448
+ISO

-ISO

CLVD CLVD

Explosions
Earthquakes
Collapses
Other Volc.

MAY

JUN

JUL

A progression of 54 M∼5 collapses in K̄ılauea
caldera, Hawaii (Alvizuri et al., 2021, EPSL)

Different seismic events separate into
different parts on the lune

⇒ Source screening with moment tensors

Explosions (top)
Nuclear tests at Nevada Test Site, North Korea

Earthquakes (center)
Bolivia, Alaska, Europe, Scandinavia, etc

Collapses (bottom)
Sweden, Russia, USA, Hawaii
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O2.3–448Conclusion

Three mining related events (M∼4) in
Sweden, USA, Russia
Inconsistent event screening at IDC
Kiruna collapse screened as explosive
Estimated moment tensors with waveforms from IMS + open
stations
Consistent collapse mechanisms (–ISO) for all events
Need to supplement IMS with open stations for event screening

Thank you for your attention!

+ISO

-ISO

CLVD CLVD

Explosions
Earthquakes
Volc.(Bolivia)
Collapse Misc
Coll. Kilauea
Coll. Mining

Screening with
moment tensors
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O2.3–448What is a good metric for source screening?
The eigenvalue lune as a window on moment tensors (Tape & Tape, 2019)

⇒ Angle or arc length as measure between any two mechanisms
β = ∠(ΛDC , ΛX ) = 90◦ ⇒ +ISO (explosion)
β = ∠(ΛDC , ΛX ) = 0◦ ⇒ DC (earthquake)
β = ∠(ΛDC , ΛX ) = −90◦ ⇒ –ISO (collapse)

*cf., Ford et al. (2020) δ = cos−1(xT µ̂) is the angle δ from a mean explosion population µ̂ to a newly estimated moment tensor x.
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O2.3–448Ever smaller events resolved with increasing sensor density
→ 253 geophones, 80,000 aftershocks −3 < M < 2.0

Source mechanisms of aftershocks, Kiruna north
section (Dineva et al., 2022)

+ISO

-ISO

CLVD CLVD

Explosions
Earthquakes
Volc.(Bolivia)
Collapse Misc
Coll. Kilauea
Coll. Mining
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O2.3–448

Homogeneous distributions on the Hudson and Lune diagrams.
Figure from The eigenvalue lune as a window on moment tensors (Tape & Tape, 2019)
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O2.3–448NW Russia event: Moment tensor and source type analysis, IMS + open
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Event 20220305001326100 Model crust1nwrussia Depth 1

FM 348 36 7 Mw 4.20 γ   4 δ -62 rms 3.238e-01 VR 89.5 pol_wt 999.00

Filter periods (seconds): Body:0.40-1.00. Surf:14.29-33.33 duration: 3.00/1.50 s

# norm L1    # Pwin 0.1 Swin 400    # N 73 Np 0 Ns 219
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Event 20220305001326100 Model crust1nwrussia Depth 1

FM 348 36 7 Mw 4.20 γ   4 δ -62 rms 3.238e-01 VR 89.5 pol_wt 999.00

Filter periods (seconds): Body:0.40-1.00. Surf:14.29-33.33 duration: 3.00/1.50 s

# norm L1    # Pwin 0.1 Swin 400    # N 73 Np 0 Ns 219

Total stations: 73, 40–1902 km. Snippet: 40–406 km
CTBT Science & Technology Conference 2023 (SnT2023) Seismic source characterization and screening Celso Alvizuri, T. Kvaerna, B. Dando – NORSAR 20



O2.3–448Tennessee event: Moment tensor and source type analysis, IMS + open
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Event 20210813115734970 Model crust1USTN Depth 1

FM 311 81 73 Mw 4.10 γ -14 δ -67 rms 3.388e-01 VR 88.5 pol_wt 999.00

Filter periods (seconds): Body:0.50-2.50. Surf:2.00-5.00 duration: 1.00/0.50 s

# norm L1    # Pwin 2 Swin 100    # N 42 Np 0 Ns 105
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11.25

71

0.60

-0.42

11.25

76

0.44

-0.23

8.55

34

0.35

0.40

Surf V Surf R Surf T

15.00

15

0.99

-1.27

15.00

15

0.76

-1.28

0.05

38

0.24

-0.40

Surf V Surf R Surf T

14.50

19

0.87

-0.71

14.50

20

0.67

-0.67

0.20

43

0.25

-0.46

Surf V Surf R Surf T

13.10

29

1.06

-0.24

13.10

26

0.84

-0.16

0.40

26

0.19

-0.37

Surf V Surf R Surf T

13.60

57

0.75

-0.53

13.60

46

0.78

-0.18

Surf V Surf R Surf T

12.00

20

0.86

-1.83

12.00

18

0.68

-1.81

Surf V Surf R Surf T

11.75

56

0.62

-0.83

11.75

52

0.49

-0.84

Surf V Surf R Surf T

12.90

18

0.80

-2.11

12.90

17

0.62

-2.11

Surf V Surf R Surf T

11.95

26

0.77

-1.04

11.95

34

0.58

-1.12

Surf V Surf R Surf T

14.40

47

0.61

-1.18

14.40

43

0.48

-1.14

Surf V Surf R Surf T

Event 20210813115734970 Model crust1USTN Depth 1

FM 311 81 73 Mw 4.10 γ -14 δ -67 rms 3.388e-01 VR 88.5 pol_wt 999.00

Filter periods (seconds): Body:0.50-2.50. Surf:2.00-5.00 duration: 1.00/0.50 s

# norm L1    # Pwin 2 Swin 100    # N 42 Np 0 Ns 105

Total stations: 42, 89–677 km. Snippet: 89–136 km
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O2.3–448Perspectives
+ISO

-ISO

CLVD CLVD

Explosions
Earthquakes
Volc.(Bolivia)
Collapse Misc
Coll. Kilauea
Coll. Mining

Routine ✓ robust ✓ estimation
Next: real-time screening with
moment tensors
Next: real-time screening and
characterization with AI/ML

→ 253 geophones, 80,000 aftershocks −3 < M < 2.0
Source mechanisms of aftershocks, Kiruna north
section (Dineva et al., 2022)
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