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Lat. (N) | Lon. (E)

S14 (Set by Apollo 14) | -3.64408| 342.52233
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Get Apollo(XA) waveforms
by Obspy(get_waveform)

—  Work flow

» Output

Interpolation for missing data
in the waveforms

| Resampling form original to 50 Hz I » | Digital Counts (DC) waveforms

| Remove instrument response | » | Velocity waveforms

Data cleaning
By Onodera(2024) Section 3.2.

» | Acceleration waveforms
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. Referenced to Onodera(2024)
Event name Start time HypoDis | HypoDis | HypoDis MO Ac Mw Accz Vel
(UTC) Y Mb (m/s?) (m/s)
min(km) | ave(km) | max(km) (N.m) (Mpa)

KO-SMQ-1_S15 1971-11-30T01:07:57 1333 1545 1757 2.1E+15 36.6 5.5 5.7 4.954E-05|  1.565E-07
KO-SMQ-2_S15 1972-01-05T22:42:33 1333 1545 1757 7E+13 9.8 4.7 5.0 1.561E-05|  3.982E-08
KO-SMQ-3_S15 1972-06-02T16:49:07 1515 1727 1939| 8.5E+14 20 5.3 5.5 2.853E-05|  7.563E-08
KO-SMQ-5_S15 1972-06-24T12:27:49 2243 2591 2939 1.4E+15 13 5.3 5.5 6.550E-05[  6.506E-08
KO-SMQ-8 S15 1973-05-09T11:02:13 1939 2227 2515 2.6E+14 6.2 4.8 5.1 7.805E-06[  1.164E-08
KO-SMQ-9_S15 1973-06-17T12:59:43 788 909 1030] 2.2E+14 6.2 4.8 5.1 1.746E-05|  5.687E-08
KO-SMQ-11_S15  [1973-08-24T04:07:35 697 818 939 1.7E+14 8.2 4.8 5.1 7.993E-05|  2.586E-07
KO-SMQ-12_S15  [1973-09-14T04:31:37 545 651 757  1.9E+14 3.4 4.7 5.0 1.271E-05|  3.262E-08
KO-SMQ-16_S15  [1973-12-12T08:39:31 2545 2969 3393 5.9E+14 28.3 5.3 5.5 1.452E-05|  2.811E-08
KO-SMQ-17_S15  [1973-12-26T07:37:04 969 1136 1303| 1.5E+14 2 4.5 49 8.058E-05  2.898E-07
KO-SMQ-19_S15 [1974-06-21T19:17:30 818 954 1090 1.4E+14 2.5 4.6 49 8.570E-06|  2.056E-08
KO-SMQ-21_S15 [1974-08-30T10:47:49 909 1061 1213 1.5E+14 4.4 4.7 5.0 1.250E-05|  2.894E-08
KO-SMQ-23_S15 [1974-12-04T03:43:17 1455 1667 1879 4.6E+14 4.1 4.9 5.2 2.242E-05|  6.763E-08
KO-SMQ-24_S15  [1975-01-29T09:57:38 1878 2151 2424 4E+14 5.1 4.9 5.2 1.755E-05  3.585E-08
KO-SMQ-25_S15  [1975-03-19T03:05:53 1273 1470 1667| 1.1E+15 13 52 5.5 1.037E-05|  3.534E-08
KO-SMQ-26_S15  [1975-03-23T21:10:13 1637 1879 2121 8.3E+14 14.5 5.2 5.5 1.432E-05|  3.316E-08
KO-SMQ-28 S15 [1975-10-31T04:03:28 2515 2954 3393 5.9E+14 7.6 5 5.3 1.076E-05|  2.860E-08
KO-SMQ-29 _S15 |1975-11-21T16:10:49 1606 1833 2060( 4.2E+14 7.4 5 5.3 1.434E-05|  2.895E-08
KO-SMQ-30_S15 [1976-01-02T12:28:19 1000 1167 1334| 4.2E+14 20.2 5.1 5.4 2.489E-05|  5.731E-08
KO-SMQ-31_S15  [1976-01-18T13:20:35 1030 1197 1364| 2.1E+14 3.7 4.7 5.0 1.322E-05(  3.983E-08
KO-SMQ-32_S15  [1976-02-13T20:44:14 788 909 1030| 3.4E+14 5.9 4.9 5.2 2.492E-04|  6.332E-07
KO-SMQ-35_S15  [1976-06-23T19:26:18 1090 1257 1424| 2.1E+14 6.2 4.8 5.1 1.060E-05|  2.132E-08
KO-SMQ-36_S15  [1976-07-24T17:24:10 1242 1439 1636| 4.3E+14 3.9 4.8 5.1 8.017E-06|  1.554E-08
KO-SMQ-37_S15  [1976-08-07T00:18:59 1060 1227 1394 1.7E+14 2.9 4.6 49 1.425E-05|  1.953E-08
KO-SMQ-38 S15 |1976-08-07T15:19:07 1848 2121 2394 2.8E+14 4.9 4.8 5.1 2.298E-05|  5.526E-08
KO-SMQ-43_S15 [1977-06-18T15:37:25 909 1045 1181 2E+14 6.2 4.8 5.1 1.265E-05  2.333E-08
KO-SMQ-44_S15  [1977-06-28T02:13:40 1151 1333 1515 1.9E+14 3.4 4.7 5.0 9.221E-06  2.904E-08
KO-SMQ-45_S15  [1977-07-02T02:01:29 1606 1848 2090 6.5E+14 11.4 5.1 5.4 1.571E-05|  7.566E-08
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KO-SMQ-1_515 - CWT power {morl) on COUNTS KO-SMQ-2_S15 - CWT power {morl) on COUNTS
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KO-SMQ-19_S15 - CWT power (morl) on COUNTS KO-5MQ-21_515 - CWT power (morl) on COUNTS
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Basic analysis of moonquake waveforms from the Apollo missions

Kenichi NAKANO

Seismic phenomena on the Moon, known as moonquakes, have been recorded by seismometers
deployed during NASA’s Apollo missions, and these data are now publicly available. While the long
duration and scattering-dominated nature of lunar seismic signals are well established, their
implications for structural engineering in future lunar development have not been systematically
assessed. In this study, we first review the acquisition and processing of Apollo seismic records and
then analyze their characteristics with a focus on engineering-relevant metrics. The results show
that shallow moonquakes exhibit dominant seismic energy in the 3—6 Hz band, consistent with earlier
seismological findings, and further demonstrate that the distance attenuation of peak ground velocity
(PGV) is broadly compatible with empirical attenuation relationships derived for terrestrial
earthquakes. This consistency suggests that PGV, a standard engineering intensity measure on
Earth, can also serve as a meaningful index for evaluating seismic demands on lunar structures.
Based on these findings, we discuss the potential impact of moonquakes on future lunar infrastructure
and highlight the need to integrate lunar seismology with earthquake engineering approaches.




