Abstract

A seismic moment tensor is a 3 x 3 symmetric ma-
trix that provides a compact representation of seis-
mic events within Earth’s crust. We develop an al-
gorithm to estimate moment tensors and their un-
certainties from observed seismic data. For a given
event, the algorithm performs a grid search over the
six-dimensional space of moment tensors by gener-
ating synthetic waveforms at each grid point and then
evaluating a misfit function between the observed and
synthetic waveforms. ‘The’ moment tensor M for the
event is then the moment tensor with minimum mis-
fit. To describe the uncertainty associated with M,
we first convert the misfit function to a probability
function. The uncertainty, or rather the confidence,
is then given by the ‘confidence curve’ P(V'), where
P(V) is the probability that the true moment tensor
for the event lies within the neighborhood of M that
has fractional volume V. The area under the con-
fidence curve provides a single, abbreviated ‘confi-
dence parameter’ for M. We apply the method to
data from events in different regions and tectonic set-
tings: small (M, < 2.5) events at Uturuncu volcano in
Bolivia, moderate (M, > 4) earthquakes in the south-
ern Alaska subduction zone, and natural and man-
made events at the Nevada Test Site. Moment tensor
uncertainties allow us to better discriminate among
moment tensor source types and to assign physical
processes to the events.

Method

The seismic moment tensor
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e 3 X 3 symmetric matrix

e M: moment tensor

e UU: Orientation matrix

e A: moment tensor eigenvalues
o\ > M\ > A3

e Red: compression (motions out)
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Estimation of full moment tensors, including uncertainties, for earthquakes,
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Moment tensor parameterization
M(’Y, 57 K, 6)7 O-) — [A(,y? 5)][7(/@67@

e Eigenvalues organized on a section of a lune

e Two parameters describe location on the lune: ~, 9
e Three parameters describe the orientation: «, o, 8
e Magnitude search ||A|| o« Mw

Four regimes for moment tensors
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All motions out A3 > 0 |All motionsin A\ <0
White caps A\ > 0> A3 Redcaps \{ > 0> X\

Applications
e Nevada Test Site (Western U.S.)
e Alaska
e Uturuncu volcano, Bolivia

Nuclear explosions at the Nevada Test
Site, USA

Event HOYA, M 4.40

Lon -116.4280, Lat 37.2260 (d) ISO

Dep 0.0 km (inversion 1 km)

Best source type y0°, 5 66° /TN
/TN
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Earthquakes in south-central Alaska,
USA

3 Event 20090407201255351 Model scak Depth 39
’f FM 21249 -87 Mw 4.50y 6 6 -10 rms 7.236e-01 VR 47.6
X x /. Filter periods (seconds): Body:1.50-4.00. Surf:16.00-40.00

g\ ,X/:“ #norm L1 # Pwin 15 Swin 120 # N 21 Np 31 Ns 51

-
a3

PV

YV.BIGB.
15 km -0.36
-0.0s 88
345° 6.61
1.21 .
AT.PMR. W
36 km -0.88 -0.
-0.0s 63
64° 1.86
0.31
YV.KASH.
49 km
-0.0s
338°

YV.TUPA.
78 km
-0.0s
157°

YV.LSUM.
88 km
-0.0s
170°

YV.MPEN.
89 km
-0.0s
206°

YV.DEVL.
101 km
-0.0s
175°

YV.BLAK.
104 km
-0.0s
136°

YV.LSKI.
115 km
-0.0s
200°

YV.NSKI.
121 km
-0.0s
223°

YV.AVAL.
122 km
-0.0s
169°

YV.PERI.
127 km
-0.0s
129°

YV.SOLD.
132 km
-0.0s
213°

AV.SPBG.
142 km
-0.0s
262°

AK.SWD.
151 km
-0.0s
173°

YV.HEAD.
162 km
-0.0s
173°

AK.DIV.
215 km
-0.0s
97°

AK.TRF.
224 km

-0.0s
353°

AK.EYAK.
238 km
-0.0s 16 25 89

113° 2.31 2.25 1.54
0.09 0.46 0.64
AK.PAX.
279 km 3.76
-0.0s 95
50° 0.39
0.20
AK.BMR.
281 km 7.28
-0.0s 91

98° 0.81

Event 20090407201255351, M 4.50
Lon -149.7428, Lat 61.4542

Dep 39.0 km (inversion 39 km)

Best source type y5°, 6 -13°
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Volcanic events at Uturuncu volcano,
Bolivia

‘, /x/*_\ Event 20100516063454464 Model utuhalf Depth 4
/ , FM14575-75Mw 2.80y 98 -10 rms 4.404e-01 VR 80.6

eﬁv v Filter periods (seconds): Body:0.10-0.50. Surf:2.00-4.00
#normL1 #Pwin 1.5Swin60 #N 11 Np 22 Ns 33

XP.PLMK.
11 km
0.1s

85°
1(0.41)
XP.PLLO.
13 km
-0.1s
126°
1(0.07)
XP.PLQU.
17 km
-03s
295°
-1(-0.37) 0.
XP.PLLL.
18 km
0.1s
168°

-0.2s
327°
-1(-0.03) 2.
XP.PLLA.
20 km
-05s
253°
-1(-0.25) -0.
XP.PLTM.
21 km
-0.2s

5o
1(0.45)
XP.PLRR.
31 km
-04s

90° 226 3.09 2.56 2.86
1013 082 -0. 0.48 0.46 1.69
XPPLAR. o Aoae— —“‘WWWJ@"“’W‘— —W—% —~4\#\ﬁ]ﬂvu\fw\f\f\~—
33 km 0.05 . 254 254 222
-05s 77 55 64 35
139° 1.06 0.04 1.21 1.36 1.66
1(002) 232 0.36 0.48 0.90 2.09
XP.PLO3. w%wouwi
36 km 0.04 0.04 3.45 345 0.59
-08s 85 71 48 27 18
42° 162 0.60 172 213 1.97
1(048) 021 -1.89 -0.31 0.43 2.10
XP.PLSQ. AL —*"Wﬁﬂq%‘\ﬁﬂ“-
49 km 0.05 0.05 228 2.28 3.48
-13s 27 35 20 54 28
249° 0.61 0.06 225 1.82 1.60
-1(-0.01) 1.19 -1.01 -0.21 0.15 1.44
Event 20100516063454464, M 2.80
Lon -671856, Lat -22.2600 (d) (131?)
L]

Dep -0.6 km (inversion 4 km)
Best source type y9°,6-10°
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Moment tensor catalogs
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Summary

Methodological development
e Efficient full moment tensor estimation

e Uncertainties for full moment tensors
e Confidence parameter
e Probabillity for source types

Applications
e Nuclear explosions (Alvizuri et al., 2017)

e Earthquakes (Alvizuri et al., 2017)
e \olcanic events (Alvizuri and Tape, 2016)

Future work

e Analyze non-DC mechanisms in deep events

e Model physical mechanisms for non-DC events
e Estimate moment tensors for 3D structure
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