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structure of the caldera have provided some evidence of seismic activity in the system, but STEAD (Figure 2). STEAD chosen as best model. 1. % Al i — Pia |
results so far are only preliminary. This study presents observations made with data 3. EQCCT* New method developed at TexNet. Compared with . | | ’ W“ k
collected from Fairfield nodes loaned from the PASSCAL Instrument Center, installed in STA/LTA and EQT. g Y oA AR R A P [ o
the Valles Caldera in 2019 during the Summer of Applied Geophysical Experience (SAGE), _ ( i - | | J
which made measurements for four weeks. Data was processed with several different DEHEEHRN el | = I . | | . | | |
computational methods: Obspy’s STA/LTA coincidence trigger function, the Seisbench a.  Runall three. medels on geophone.data. [l -
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Figure 2: Comparison of retureed picks from the four different EQTransformer models tested - :

method. Our findings indicate that the Valles Caldera is still seismically active.
Furthermore, we show how to overcome false detections from machine learning detection
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Valles Caldera 2019 Seismic Study o A_II moqels had many false C:Ie_tectlons due to lightning (Figure 3). 7 ‘ - j]r o000 b be at least 95% correlated
o Lightning confirmed empirically from waveforms and radar @ e _— to be classified.
New Mexico Bureau of Geology and Mineral Broad Geologic Overview of .5 - | 0.030 il
Resources Full Geologic Overview of Valles Caldera Valles Caldera arCh Ive-. ‘{ 0025 1

All event origins estimated from station position and velocity estimates (P
~ 3 km/s, S ~ 5.5 km/s). Velocities estimated based on arrival times for -}

USGS-catangued ea rthquakes (Figure 7), and station position. e
Figure 5: Waveform of a possible local earthquake. Wave arrivals suggest very high hypocentral proximity.
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Figure 8: Cross-referencing the analysis from figure 6, events
. e - L' 8 Res u Its were appropriately classified. Results are confident that 92 of C I = d F t W k
e A T - PR the events are earthquakes and should be further studied. O n C u S I O n a n u u re O r
o T S R —— : : Another 122 events are still unclassified and can be evaluated
2011/20110002/GM-79_mapsheet.pdf Broad Geology Legend 15 confirmed earthq uakes (Flgure 7): Figure 7: Classification of all manually confirmed earthquakes. using more complex methods, if necessary. Given the limited recording time, only a few earthquakes were detected
Geologic Setti Station ID i inal Classification = . . .
;"W':;": ;M': 13;”2':“""5"‘2'""‘*‘"2°'2°2'2°3'2°"2°5'212'2‘3'2“'2"'2‘“'2*9'3°2'”"3“'”5'3“'”"”8"“"“ sg“foff'm :kfve"’ o 12 re_gmnal, uncatalogued Confirmed earthquake detections per day o _— in this region, and we can only confidently label one of these as a caldera
el o . o 2regional, catalogued on USGS — event. More data is being collected at the Valles Caldera and the next step
Lacustrine Deposits 107,108,119,121,122,1 41 201-219 . - . . . .
L AR o wooe DN o 1 caldera earthquake (Figure 5) ? : g°t5:GC:ta':"-: | is to start locating the local events relative to the complex internal structure
Landslides/Colluviumy/Alluvium | 201,406,407 & Andesite . . . . . n Catalog
e m Wave arrival times consistent with estimated of the caldera.
Stream Terrce 106,109,110,111,113,114,115,116,206,207,206,209,210,211,501 © W0 i " : BN Caldera event 5 % Another interesting implication was presented by the challenges in
Author: Luke Frazeur Serny wave velocities, radar, and time of day rule out _ _ g Imp P 20/ 12 g
Defa Soiaces; New M Tech, TR0S lightning strike S relying on machine learning for earthquake detection. We deduce that a lot
Figure 1: Map figure depicting geophone locations and geology of the region. The map on the left shows the detailed geologic m Only seen on ‘400’ stations; other stations saw 5% O_f our initial ehallenges HEE result of assuming r_naChme learning would
map developed by the NM Bureau of Geology and Mineral Resources. The map on the right is a simplified derivation developed too much noise/too low amplitudes 27 o yield the C_les“'ed r_eSU|tS_ without much need for adeJStment, e_md _CQnCWde
by the author. Geophones are mostly set in sedimentary rock which can account for slightly slower wave speeds, however the _ . _ - that machine learning still has progress to be made in event discrimination.
subsurface is still mostly igneous. Stations 401-410 are separated from the others by over 10 kilometers. m Estimated origin: Sulphur Springs hydrothermal = TR h @ @ wo 2 @ @ w0 |deally, future methods will be able to differentiate earthquakes from other
area £ Lightning: 93 Ambiguous: 122 events that excite seismic waves.
— st Our frequency domain analysis yields promise for the prospect of
Frequency analysis (Figure 8): A oozs — - | | improving machine learning for earthquake detection. We find that
Refe rences o Of 336 recordings, 207 are likely to be earthquakes, E analyzing the _frquency .content of waveforms can _help .differentiate an
107 are likely to originate from lightning strikes, and E oo L event _frofm a Ilghtnlng strike end an earthquake, a dlstlnctlon. that_can .be
1. Goff et al. “Geologic map of the Valles Caldera, Jemez Mountains, New Mexico.” 2011. 22 are random noise or ambiguous. §0.01o- Mg SZteedctlirc])n u’\[/lvjit[f] rzzg:::s Iiiz’:pl,:rr]ngerr]rt]sethﬁ‘]desir: I;:Jertzeern:;esec?)rﬁtgr:?toa:’:%ht’:;‘]lgﬁ
2. Mostafanejad et al: SAGE investigations of the \(alles Caldere [Da’Fa set]. 20”19. o Moment magnitudes from the Ilkely earthquakes, 2 | . ) q y . ’
3. Woollam et al. “SeisBench—A Toolbox for Machine Learning in Seismology.” 2022. _ _ _ comparison to earthquakes can open the doors to further improvements to
4. Saad et al. "EQCCT: A Production-Ready Earthquake Detection and Phase-Picking Method Using the Compact Convolutional usSing estimated varlables, ranged from M 0.68-2.40 : : : i earthauake detection alaorithms
Transformer." 2022. with a median of M 1.51 5 10 15 20 25 30 000 % p = % i s % % o 9 9 i
5.  NOAA National Weather Service (NWS) Radar Operations Center: NOAA Next Generation Radar (NEXRAD) Level 3 Products. T Day of the month (June 2019) Frequency (Hz) Frequency (Hz)

Accessed July 2023.

This material is based upon work supported by the National Science Foundation under Grant No. EAR-1852339. Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect the views of the National Science Foundation.



