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The Interpretation Limits of Seismological Exploration and
the Possibility of Water Existence in the Earth’s Interior
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Nobuaki FUJI'?

For decades, studies in seismology and petrology have reported the presence of water (hydrogen) within the Earth’s
mantle. This presence is often marked by abrupt changes in seismic velocity or high seismic attenuation. Interpreting
seismic tomography results to determine specific geological and chemical parameters, such as water content, requires
ameticulous approach and an understanding of its interpretation limitations. This article focuses on the inverse problem,
primarily from a seismological perspective, shedding light on the challenges associated with translating seismic
parameters into meaningful geological and chemical insights.
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Fig. 1. One way of plausible water transportation manners in the Earth’s mantle as a “geopoem”. Water is entrained during the
subduction, experiencing dehydration, entering the “colossal pool” of mantle transition zone. At the 410-km (and 660-km)
discontinuity(ies), water (blue zig-zags) continues to descend till the base of the mantle with the subducting slabs (LLSVP can be
wet). Here I show also the iron (gray zig-zags) circulation starting from LLSVP that can be entrained with plumes. Note that seismic
observation, being a snapshot of today’s Earth, cannot (at all) image the direction of movements of water, iron, nor plates and
plumes.
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Fig. 2. Travel time sensitivity kernels for transverse-component direct S (left) and SS (right) waves, reverberating at the surface
on its midway, with respect to S-wave velocity computed for a source of 11 km depth with Mtp = 1, with a station with 0° azimuth
and an epicentral distances of 70°, using DSM Kernel Suite (https://github.com/IPGP/DSM-Kernel). The kernels were calculated
for PREM and 0.3 Hz. Three types of kernels are shown in a volumetric representation with the same color bar (the darkest blue
and red represent + and - 5.0x10° s km™, respectively). Within the ray theory that ignores the finite frequency effects of seismic
wave propagation, these phases are interpreted as infinitely tiny simple curves. However, the sensitivity kernels clearly show their
complex and volumetric features.
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HRTORGHEEHET D, ZIUTHER D RER LIZRFEOESIETH D720, 7 —% OFRNERTH 5
2%, Tk, Fr— hoEB G ENP BT/ TV o 7 [61-63],

3.5 REDRELY

NETT T4 —RWEA = 5 Vo T HIERINER CO MR DO 3K E 2 FEICRB N T, £
DETNLVOEEREZFEmT 572012, LIFLIET —#d=F)IZE TN ) 55O 20T 5
ZERDHD, LInL2BD, A2 —=Ta 20 b DIk IR ERN G EN LT, BFEMREED
FHEINEETH D, > TRES T 7 4 —DRERISGRENPHFRLIND Z L DIFI W TH D, ZDROVIZ,
Fxy =R — 7T A M EITREBINDHEmT A MEATW, T3 ) X LOMGBERLER TE DO
EREEAT) ZENZVN, BRI INODT A MNBHEVAERTIEHRNI ENHMLATND [64], =
D X5 TG 35 K OGAZEORHE % & &NAT 9 A DO & D & LT Subtractive Optimally Localized Averages
(SOLA 7% [65]) MBI N TWDH A, PLFICIRR2 X 9 il O ARG R 72 B ORI ZIZE - T /s
U,

3.6 |EMEMTIO—F

MR B FIZ BT DU REE X, RQ)VEMOENDOFIETHS 2L THD, ZOHE, HonlHEts
AP RIERE FIC G ENBIEOEN (EFADWLNE, F—X DAIEDER, NHETL)
DI TLE D, HRHICEMRET VERINT D &) Z L1, BBEOFN & IR ORI T, HHi
THEEETANOEET -2 2HESE)LTH, ThABNEET —Hul 2T ER LRI EE2E®RT S
[66], HEIEDMMNMEHRE FBL L2 WEA I, WRBENICROTZET VOIS L2 58ER RO LD,
2L E < MV FERCOIRARIAIRA T T OME LR S BT H Z LIk, BITERRNICHEEDp %
RELTEES@®ZulfdbE T &0 ) PIEEICL > TREBENKEICL L D [67], BT, Kz
Wl LT NRT A—2ZB L COEBNRRZOFMAMAEIND, LLRRDL, ZOFETH, b
HAL—BMITEATE T, £z, FENFHMEEZ T 52 LIXRETH D,

4. WRZPINGA—BDER: NFA—FEBBECY HBEEALIME) HDLIC), (FERMEL, SHES)

AR DOET L (BAWEL U — =B, A7V T 4 7)) ZHETFIICHEDICEE LT, AN R
oY, TOFHMILREETH D Z LT RICREER Lz, TORDEREE LT, MESET IV E KSR
BEXE T 720 DNRT A= HEHIZONTIRRD, FERED 2 WVILEHE—FHEGHE COMMEREO B S 0 Tk
IZOWTIXEE OFTIZRVD, FOBETFMONTEY 7 U TIZMAZ ENTENITAETH D, K
0T, EBRETOEAY T OMBERHFEENEEZ 3 RCHEBREIFEIC L > THEEZITToTWHDT, =
AU HUER IR & EER S B OB O BRI 22T BIC R B RN b DN EHIF LTV 5 [68], ¥ hLNTHE
EIHE N T DA, BELKLZORNERY 5D, LLRNRDL, KOFGIFEEDOZN & HART
Wb T/hEL, EREO LS RIBESGNRKE AT 28k CIHEVITe 5720 [69], 7o T, FERHMN
FOMBER BTV [701& W o T RT A= DA BLENNLE L 10D, FEB, ~ v hvi FEogk
Bk ORECIE, FEMMBERE SIWHED 2 3T XA —2 %, WELEHRD 2T A —F|IEHT HYaL
T EFHETE DI, ERICIE—RICBONMEZFTHTH I LN TEZ [20], #-T, KIZBLTYH,
HORERBEYNE I 2=2T 4 L LTAETETCWD LI RRT A—FEHEE (JEH - RE - BE W
P« GUKSRHIERRGHE - BVE - BR) BMELND Z EEMIFFLZV,

5. WRED Y IERE D EHIZ L SKEEDARHR (SeLFE TASIIR)
PIETRAMICELR LI X 512, KIROHMRMIIC X 5 HERNHIEHEE T, £ TR B
1139 2= 5 (FoEoS) (@) #RHT, ZOEFLOMENMIERED, =0 DUREOWS) 137
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Fig. 3. The “SeLFiE” way of unveiling the water transportation system within the Earth’s mantle. Firstly, we propose geodynamical
scenarios with various water transportation models, that we convert into physical properties with the aid of petrology. We then
propagate seismic wavefield through these models to find out synthetic waveforms’ characteristics that could distinguish the
proposed scenarios. After trained to understand the relation between the scenario and the seismic data statistics, we will look at the
real data in order to find the most plausible scenario.

%W@WWLHTTiLh&wI&Ti%OKOamﬁ\ﬁw&wjiDiV/FW%%F B DKRDOTF
AL VS, WhIE TR - —8M3C) , HDWERONTEOKBEROKK Ok FTclin
6w%ﬁﬁ@®w>@;5@Em§ﬁ®ﬁw%£:ow1 O L EFPWREE DT 2WEEIE, B,
Tbb NEREO#E | 2L > TEEMNREmN TE L LEZTITREL TWD, TORDDOER &K%
il L CARZ D,

AROBRDITIZ, THERERE) BRI TH LD BEEl~7z, Ziud, Blaid Fig. 1 O X5 akass 12
B LESAIE, TOEMESGE, b LIRS 22 8IC k- T, HERLOBRNAETe Z & 2 kL TV
B, TOXDRABROBRERIMERT Z LI2T 5, ZNCEH AT I/ AOBEMZO L0 (DTERT)
BEE LTS, T7abE, VAFAF I 7 ADKRNKOR~ v MAESR D, BBBIEEY ), H50E
E#~ > AT TOKBERINE VI ETNANRNTA=ZTHD, TN L > TIAZ AT I 7 ZADNAREE
HIDEMWT, BUEOEKRENMW =D@) % [N—F v /7] KREEHEET AMICHOWTEHAT S Z
EMTED, LendoT, X)L, UTORIZERTE 5,

find i such that d~d = F o E o § o C3, o D(i) %)

R, KERETNME AT T OERHIEHY L 2 b= a VEDITHAAL (DOR)) , /S—F ¥ LHIER
EFILCS, o DM H WV CHIE I B 4 1S 0 CF, 0o D(A) LT, ZDF — X JEEd L KIEET T AR D IEHRY
BB ERARD Z LT, BT —XdERAT OMEBIRTEXHZ L2 R LTS, ZoXROKFERE Z
AlE, BITRFEM e G KRS 2 RO T2V DT TlEe <, KFEROEXICOWTHEEEZZ2MV -0 EN)
EZAIIHD, Eko@EY), mORITCITKEDOLSE, wie SIZl_XTRIGIZ/NS <, VXA FI7 ADE
HDCHAEOHER A FEMICFHBL T E D AMREME IRV, o T, 74 V¥ —FOBY FREEEE 7> TL 5,
DFE V& OWHT —Z DRV FNE WD KV, BT — % OZEMBRFFEARFE Tm 2 5 < HRITE S
LR T N B =T ERMEE RS TL 5, 36mf¢«ti9 I, ZO%E TRE] OERFKITIAR
BEE T ORERDT-DICRHE LTV, 20X ) il sz — h BT 4 NE Y T EVW[TL,72], B
F=HEHANT [(R=F ¥ LHiEk] 2 TEHRY ] 0L HiC W?‘é?’_&) %341 SeLFiE (Seismic Low
Filtering of Earth’s models) & FEA T2, ET /13T A —=ZmORTTITIRND, BT T I R
BELIAHARETH D [73], W-T, BETIETNEZOT —FSEOBBRMEEZHMT D72, Bk
BHLZNNIROT~F 27 I L30T L 7 —4GbY T 4 AV A R) ZRALT, =
OMBEIZEY #iTe 7 v v =7 MR AE-> T 5 (Fig. 3),
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6. HEhHYIZ

ARTIE, —MEFELE L CEEDEERE LERT D EEZICERL TR ERLWEMEORZH -7, P L
FHIEME AT X2E G H D000 LARWAS, 20 SeLFiE 7 uy =7 MIVAEA F I 7 ADMEE-H L
ESizm TRILEE] CTHEA2L IR0V TEdIicED TE2bD0TH Y, ZDT=DIZEEMMEFITI R
BRNWZETH D, RITH LWIEFENFEO BRI RN Th 5,

#

R & FERL B L%KTE\é“LJ@V&ﬂjJ FIEW-ZZ LI LT, ZADOBAE B2, b, Z
DR A S ZFHE> TP W TR EETHICE T, ZO5A2EY ﬂéﬁ%é/w\/_\,,gm 3z
L72VN, 723, AFEIZ Institut universitaire de France @ MuseSeLFiE D X {E 42 T2 b D TH 5,
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