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A new computer search for the Apollo lunar seismic events revealed that about 609% of
the identified and catalogued events are deep moonquakes (Nakamura, 2003). This makes
the number of identified deep moonquakes 7245 from previous 1360 out of all identified 12558
events. In order to confirm monthly periodicity of deep moonquake occurrences, an analysis
using the method of Poincare mapping is made on the new catalog. The analysis reveals (1)
most of the groups show the monthly periodicity but the fluctuation of the periodicity is
unexpectedly large, (2) most of the groups show successive activities within a few days, (3)
some show the semi-monthly periodicity about 14 days, (4) some show multiple activities
spread out over a month, (5) some show nearly random occurrences and (6) these periodicities
are found not only for the groups of deep moonquakes previously identified but also for the
newly identified groups. The mechanism of these periodic/aperiodic activities of deep
moonquakes is considered in relation to the chaotic behavior excited by the external tidal
forces.
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1969 £ 5 197TT ED S ERICH A 5T Ru AMBBE TIX, AE LICEREI N 4 >OEA
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—EZWLEERETZ2I0TH S, BHIEEBOMEBEN L WZ L5, R—aBEE S AN
ICERABFREL T3 EE2 s/ (Lammlein, 1977), il Wi ¥ o 7 CTlRERM LN T
RERABOIIL—7 (A0LH 5 ALl4) 277 7 N—7ICERE I Nz, 512, EEOBHE
TEEFINL DT TLEH L 7 N—7"%, A201 225 A288 88 7 n—"7, REI NIz, 2
65D 165 T N—7o bREREEEN TV D 4 HL oy 5,825 == FH"RAEL TW
5, BYIIERBABRTH 50, BREREDTFIP ) G NIX2 }ThHB,
HOERLEHLPRLBRREABANCBEESREL TWw3 X P55 6N
Tv7z (Nakamura, 1978), S5 L FNB &, REAH = X LB OMMIC >N TEL
LTWwaZ bz, UL, A1 2 A33 0L 5 i B I IEREICHE T, 13LAFRL
BN TRELTWE I N—Tbho7ep b, A3 o (HIEROBW AL ) r—& LTE
ALTwB W EZbH-7, L7 -1, ERREABRNREEICIE, WH-MEkEICIZZS
< #IWH1iz & 5 (Nakamura, 1978 ; Koyama and Nakamura, 1980), B)F 7 F = Z /i
Hhp )= L TlE7z 5 < (Toksoz et al., 1977), © QEB®DPWH DA H =X L HH b
(Araki, 2001) £ ¥ 2FEZ 05 72, ZNLDEERICEDICIE, ERNRIZHHZ~> FEER
LBABH 7Ol EC BN T3, 40, ILWABY v /2 R5 LREE Nz
P ERERNCEZ T, 4F THRINEL AL R TOREABD I N —71C L RER
O L ENHBZ E0bh 720, 2003). ZZCREILWABA I u/icikoE, =X
FHOBELRELLBBABO I N—TI2D0WT, FORERNOBRPELERAET 5. 2L T,
BREABDA DXL %EZ LI EIZTS,

II. R®ERABROEBMERENR

BRABNFEITIZ, FD- JERAMNEE RS H 5 (ML, 2002, 2003), Zh bR
FIOWE % —xiicEBILT 372002, KD k& 5 e Poincare B %% 2 5, & 5 EBDOEIxH°
DB LENTH Y L E2 ., 20EFBH I+ 1IHEHOUE»ERS T

2k +1)=f(xAk))

EERDLEIND LT, THRBERLCESHOB L v (H)x(k+1)FE L GAHZERE) DS0EE Y
TERTBLDOTH S, 4xl)2 i IN—TDRBEABDk & k—1FBHD I~ | ORERH D
EETH, AR x b+ )3 A+1 Lk BHOBMZETH S, 20L& T xdb)xlk+1)EETH A
D E it Lorentz B8 (Turcotte, 1997) & IRT N, EHRDOBRRFENICE(FEHND.

L Loy P AESICEMMIZEET UL, xd(D=xA+1)E 2 BH 5, £TOEMBIIAHE
M1l RICEPT L, ZHBTFF77—mEEN S, Fig LIZART A39 ZN—7DE#H 2
DOEEZRL T3, Mg 2N F0 27T BicEP Lz anES D 2 RHEE 5, ZoRHI
H-HERB OB ORI TH 5. RKICEPFL T 20 FM»# 14 BOEHDORIETH
5, ZOL)ICHELEROBBEIISEFTIIEA SR 572, 72770, Fig. 1 Tl3 (L
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Fig. 1. Lorentz plot of time lags of deep moonquake occurrences for category
A39. Time lags from each event to the first, second and third future events
are mapped against these to the first, second and third past events.
Monthly periodicity of about 27 days, semi-monthly periodicity of about 14
days, and successive activity in every semi-monthly and monthly per-
iodicities are plotted like as attractor points.
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Fig. 2. Lorentz plot for category A20, as in Fig.1. Nearly random nature of A20
events is found in this analysis.
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Fig. 3. Lorentz plot for category A0l. Large scattering of the periodicities is
found, though the plots are not like at random manner as in Fig.2.
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Fig. 4. Lorentz plot for new category A204. Periodic nature like A39 in Fig.1
is demonstrated.



HLWT R AR a7 LMLk » R RFEABOB I 363
L), FEZEZMSE520%30ETEZCWLEL, T F7 75 —&idxdl)xdk+1)EHET
BRI C DR LBN T3, F72, —A - RO THEOMIC 2 [ 3 0 & 5] k& FE
THIXVEDPHEIELbPDE, FNHERFN4, 0), (27, 0), (0, 14), (0, 2D4HkIC
Tay bE3Nb, FNLL EERUEBATSDRLIANS EF LTI EDELDER, B4R
HEOWL ETHE, FOKEZF2HVWLIHATHL I EXRTENG,

LLIANY PRI T AR EL T2 ETHUE, BEZEL S Faicie 526, xdk)
xlk+ 1) FERROEDHATIE—REIC % 57255, Fig. 2ic A0 I n—7 0Bl &Ry, I TRS
NE BB EDRIEDOD L ENREVD L FLIELICH/HT 2L IR 20T TR
T, FOEBIIRD Fig.3InT. BRABNDZINE ) L7 v S ALRERERIZEAEHL
N2 nT, RE-BOMHE» LEEN I N—7D 2 b 21T & SR BN
#EZTC, XU FOMHEER > TW 2 bi2eEZ L5,

Fig. 3l FEAIRL VAN I N—70EREZRT. 2ORTL— AR, ¥
AORSE HBO S LICEERIRAT RN, 2610, —AOHIZU A TRAET S~
I HRTENS, BHHOZNY M (0, 27) & (27, 0) ERERBHOMBEICREEL TNT
ABDRET 8P ONHD 1 BORMDO L TTN T B2 LG 5, ZOMThh 5
ZEiE, FNFNORPBESHERECERICKRELORLEFHLZLTHE, ZHUIZDTN—
TDIY FEIPMD T N— TR TERRIC 2 D b, T2, BEBOESY) L3007 —

KHRTKREVD L THAL ). LA L, Fig. 2 LB E, 0L EDREVIZLD DS T, x:{k)
xilk+1) DFARZER C— B DA 2 R L 2R 2380 L Tw 2 biF Tid %, ALz~
BT FACREEL TN TIEL W Edbh b,

ZZF TICRA Lz 72 R0 o 72 ARGk S h T RBARD IV —T7
2IED ) B 7 b o Tlid 7 <, Nakamura (2003) THZIC RWIZ SN BRREABD 7 —7"T
LFEETH S, Fig. 410 A204 DEERZRTH, 27— 713 A39 & FRECIEFICHIIE L v
—RAEERORMEERL TS, £72, Fig. 51RT A256 13 A200k Hic T v S aicitl
TLDOPRTENS L, Fig. 6 12RT A218 3 BAERLEICW S Evk& <, Fig.3lemlL 2
A0l DFEIEEPIL T b, Leh» T, 22 TR~ EERIE RS R A BB -
BN LHE TH L kw3 N5,
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Fig. 5. Lorentz plot for new category A256. Random nature like A20 in Fig.2

is found.
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Fig. 6. Lorentz plot for new category A218. Large scatterings of periodicities
like A01 in Fig.3 can be seen.
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Table 1. Characteristic periodicities of deep moonquake activities.
Modified from Nakamura(2004, unpublished data).

Category Number (1) (2) (3) “) (5) Remarks
A01 320 27.264 2.673 3.487 0.41 0.23 Diagonal
A05 76 27.939 1.628 1.725 0.26 0.06
A06 132 27.636 2.739 4.120 0.33 0.23 Diagonal
A07 87 27.587 2.902 4.840 0.23 0.07 Scatter
A08 224 27.691 2.761 3.949 0.47 0.57 Random
A09 123 27.337 1.453 2.303 0.21 0.02
Al0 185 27.306 3.126 4311 0.45 0.43 Random
Al3 59 27.654 2111 2.559 0.13 0.20 Random ?
Al4 105 27.437 2.472 3.828 0.37 0.05 Scatter
Als 50 28.046 1.769 0.000 0.08 0.03
Al6 50 27.807 2.315 0.000 0.20 0.0
Al7 51 27.065 1.379 0.736 0.38 0.08 Semi
Al8 143 27.403 1.999 3.438 0.42 0.15 Diagonal
A20 136 27.481 2.831 3.225 0.36 0.98 Random
A21 69 27.394 1.802 3.897 0.26 0.06 Scatter
A23 79 27.273 0.888 0.000 0.24 0.01
A25 72 27.592 0.821 2.871 0.14 0.28 Diagonal
A26 61 27.339 3.735 3.922 0.39 0.48 Random
A33 60 27.793 1.990 1.859 0.14 0.12
A35 71 27.888 2.949 2.846 0.43 0.54 Random
A39 63 27.516 0.951 0.681 0.29 0.41 Semi
A42 50 27.346 0.734 3.273 0.11 0.16
A44 94 27.534 2.149 4.188 0.34 0.24 Diagonal
A51 50 27.238 2.502 4.341 0.25 0.07 Scatter
A75 49 27.144 1.927 2.231 0.31 0.14 Diagonal
Al04 52 27.318 2.316 3.253 0.17 0.13 Diagonal
A201 69 27.449 2.755 4.199 0.21 0.23
A204 88 27.579 2.838 0.880 0.43 0.02 Scatter
A218 74 27.418 2.361 3.476 0.32 0.26 Diagonal
A224 57 26.857 2.622 3.035 0.05 0.77 Diagonal
A256 57 27.771 2.563 3.306 0.68 0.51 Random

(1) Average value of monthly intervals(3/4 to 5/4 month), (2) standard deviation of (1), (3) standard deviation
of semi-monthly intervals(1/4 to 3/4 month), (4) ratio of the number of intervals shorter than 1/4 month
and (5) that in the semi-monthly intervals to the number of the monthly intervals. All units are in days.
Remarks describe the characteristic periodicity of each activity to be semi-monthly, spread over one-
month (diagonal), large scatterings and nearly random. Monthly periodicity can be found for almost all
and not indicated.

6)7 > FreFE

ZZTCH—ROBEEIZE, RAHEM (27.212221 B) XEHBER (27.554550 H) 555 5.
L LESEOW S E5RE VD L4EII ZOmMELZXFL LW TERETTH 5,

Table 1 iIcH L WAZES a0 7 TREEN IV PSSO ULNBREABD I N—TI2Dn
T, FRBXRZEAMEORHRZ LD URT., IN—7%, BELLZXV M, DiZ—HOF
BIEgtE, Qidz0BEREZ, GNIFA0BREMEOEERZ, ORFEMB»1/4HL )M %
Bs e BN Z AR /4526 3/4 ADHIMTH 2 % AR A —A 3/4255/4 B) TH
LB TE -2 2 RY., —ROBMIBIZLAEE T N—7THETH S, FAOEIML
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B 7N — 70213, Semi DHEEZFLA L, T Fa L HEENT 7 N—T1%, @) &Gt
By =~y P HATKRE (, DOR)IECIDFREEMBELRE Y, 2)LB)D/NEVHDITW L EHU)
B, WL —A AR ERT. R, G)DfELKE L, G)DEL/INE A 39 % KizH
Bk Ao B2 RT. A ORISR LT icm s L Tw/295, Table 1  Diagonal &
L7z—RI2U A5 TRKFET 2 7 0—7bF 2 T, ZoFA0RELREARC—RNICR
HMENZIENZITHLDThh o7z,

A08, A20, A26, A35 A2567% & T ZAaAMMERT I7IN—71345E S TRAEIN
7z. A08 Tit 224l FIE S NIz~ ML TEAEEC, TRBELDITNV—THRULHEHE
RLTWaes, 7y ALRERMNELZ R TREABRIFEAET 22 LIZWLH» TH 5.

PERDIENT TR OB FRC RNy P2 AE L 7 v—TICREZEE N Tk b, Fl
2, MOEBN L TN—7"TH5H A0l DEFEBTY, ZOKRE SN EL2 1 kmBEDLELY T
» b E# 2 Twiz (Nakamura, 1978). HILWHEN Z 0/ T, RN L I N—TTh5b &
ZZLNTWIEREABDIN—TDLUHPITL 3N DT N—TTNrDITN—7"LRHL T
LI EFHLPICENT, LD 5T, BanZN—TDOREBDIENY bIEEEZ LT
RYDENRBPICEL, FRERLIN—7DIRy | TLREOMHEBREIC K E LR ) HF
HbZEDLLHEID LN TS (Nakamura, 2003). 2 THS DT % - 2 BFEH B B LM
ICKRELZWSL E0H 5 2 ERBRIZ—ADHEIMEIED ) TRV WA LRGS0
I3, BREAEORKML - ZHNSEEETRLTWL £ LD, HEROKE T3 AL 28
&R IEEAH 5 (Ito, 1984). 45 ISE—KIBH Loy < 0 R UBIECHU MBSO & % 2
LHTwa, REABZBLHIROMEBLE L BML IO TR LW &07hh» 5.

IV. ROFBERRARES

BRERABOWEENCIE, T F CIEL CRBXZEAENII I, BYEDOBGERIKEHIES)
TR 207 HRAMTELT 2 0ICKET 2 WHE, 72, Ad o RAGHIRMEI W 6 £ TEHT
DI ET DEEP M SN T35 (Lammlein, 1977 ; /L, 2002).

BT —ENHERE THE LAY LHIRDE N 2+ 77 —E&T 55 6, A-HKOEHE
Hul % ¥ 4s HE_E TorE (subearth point) 25 EH M ZEAL T 2 (BREFEN). F72, AN#E
WOMHSE L HEMOMEIZ L), BEFEICLELT 2 BEMS)., 2 AN TELSLS, =
6B GTNDREZITHS (K&, 1994). ZOZEBENC & ) IR AIC B LIZTEBIENH»ET
5, TOEBOREIZI T bLTHT, 2o iZh 10PafEd 5. 22 TRET, Hakiagit
9 % #ERFFE) % Chapront and Chapront (1983) (2 & 2 R@EHrE (ELP 2000-82) # AW TEHET
5, KF -2 HERBBIIH 6 FORPTAMET) Vo2 —HEH<. 6 FOFMMIIRAAL
#127.21221 H L5 AR 27.55455 HOE WAL 5 4 T, RERSENIILSA BT, &
ERSZSARNCERST 2720 TH 5,

Fig. 7icit S N WIRFEBIDMES 55 L, Al LICH (. ERAE N T2 BREAE 109 7
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Libration 1970 Libration 1971

Fig. 7. Subearth point on the moon, which is the footprint on the lunar surface
connecting the mass centers of the earth and the moon. Longitudinal and
latitudinal libration angles are enlarged five times for the convenience of
plotting. Epicenters of active groups of deep moonquakes of each year are
plotted on the equal area projection of the whole surface of the moon.
Circles indicate the epicenters(Nakamura et al., 1982) for groups with large
scatters. Diamonds for random nature, squares for periodic nature.
There are two groups, where two hypocenters for one group identified to be
the same now. They are plotted by gray symbols. Year of 1969 was
omitted since the observation period was very short.
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N—T D5 552 T N—7DEFMEHIFEES N T 5 (Nakamura et al., 1982). HERFEHH MK
I ZDEBPERTH - LHRHORFEHABOBRYEHLC7 0y | L7z, 1969 Fi3 B BRI 8
WO TEA LV, 1970 SE 3R A 6 A0 NS KRR Y I R s AR LER) L 72, 1971 i3
KR D i, 1973 4Ric %0 5 & AL & B 5 b SO EH ] 0 I fEAEEEy L 72, 1974 41
FEORRETE D 22 b L, 1976 FFic e 2 & 1970 FOEFHCL E > T b I b b,
REABREHTRS &, HIRFFR)ER - LRSI EB)§ 5 HIRHIT R - LR A0 RIRLs
EFC, MBI LR - Mo FIc LT 5 & 20 dlE - RGO BRISERIC T - 72
$OKRZ2%, ROBEEFAICREABDOEE L LD ERE-> Tl vk s, BEoskmizt
ST TIEH L. BREAREHNZ 0L ) RIERIZZ 2 THO TIERHEINLEET, HlREE
ENTBRBABD I N—7DOHRICIE45 T THMLN T > AOBEFERIZERE2H23 00 H
rpbmnt, ThpLDMEIEETH .,

V. A1 REABDAHZX L

EHERLTEES R L2 AL BREABROBRD L WEIRIEL TWE Iy FEHDEZ
b Tw7z (Toksoz et al., 1977 ; Nakamura, 1978). Z 5 # Inverted events & FFA TiE
BLTw/-25, Invertedevents (3 A0l 72 Tid % ¢, A0SR A20 TLROP > T3, 4,
Inverted events iZ 2N 6D 7 N—7WR LT, BEABC L E—BWICRHBEINEZ 25D
r o7z (Nakamura (2003, #15)). BEENKET 20, BRABZEI TIEI»RET
205 TH5B, Toksozetal (1977) 5Fz 72k 912, T7 b= 7 HIGHTEB M) 7r—&
L7 0&, REABIRETIEEZ L, L2 EEWIENL 2ORMER L, 1052 5 104
PatBE T/ waT, P)—L L THHMPEI 2L EL L, ZREHIEHnEEi N <{,
EHEDTFE 22 52 Lidew, P A—®T VTR, KRICBNLT Y S L BFEABRNRE
DAL S EHET 5 2 &KL v,

HIRFFEDEF) 0] & BESAOBERICH -7k iz, BWIGHhZznbnk ), #0EbizEE
BABEDEENEREL T b EHZTAHD, Fig SICHIRBHO 1 Bh7) DE{LE L Z D&
2T, BMOBAIIHIERFEEA T 0.6/ HTh ), T2 TIEEDMIMEIZEZE Tld 2o\, Ml
X3 & R D 12 5T - 7o BRI B O EB F RO A B2 Kb T, #id —z 56 +2 Th 555,
ZNEROEEROMARIZ G L Twa, iz A0l BEHEFREL 283 2 = oz
BlcofiE cERTRLR,

ek fENT (Nakamura, 1978) 12 % L 9 iz, Inverted events &> 5 T3, 4 THEBET
WIEOMBEAREL T3 blF Tl kv, Bz /A XTHBPFHRTEZwHAbH 5L,
BB BRI NS WEELH S, CNHERBABZRAESEBEHOME D, Bz BomE
s EEL7zmE (Inverted events) &S BMLbOTIEITWIZ E2FKRL T2 (Koyama
and Nakamura, 1980). FEEE{EZUCRAL ¢, FTILVWABA 0 /D A0l 2> }F TLEEED =
EHE 2 % (Nakamura, 2003 fA15).
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Fig. 8. Phase diagram of libration rate and its phase angle for each year from

1970 to 1977.

The rate is time derivative of absolute values of libration

angles and the phase is its direction measured counter-clockwise from the

east.

Occurrences of A0l deep moonquakes are plotted on their corre-

sponding position in the phase diagram. Black, blue, green and brown
symbols indicate normal polarities at all observations, normal but not all,
inverted polarities at some observations and inverted polarities at all

observations.
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ZZCiE, Fig. 8 TR - F - & - 0B ERABSIE OB 58> (Inverted events)

MBI > T B I ERRLTWwD, BERENZINLTNTOBME, TNUkS TCIEDEE,
FILEITANEETH B, 1970 F% Ro & A0 B3R A BT - B Mz MERFEE HZE{t )
KIT % BREICFE AL T 5. B -ALPEHAICRAIC % 6 & &3 Inverted events 2554 L T %
Z &b B, 1973 I3 LI - BT A IS R EVE LA BRI 7 AT Inverted events 564 L C
W3, 1971 #13 Inverted events XM EN T L nwd, TR L2002, WL Ty
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