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BRIEZR A HER [2RF-2202]
1. WFFERR

1. 1. WEEE

NYBEDFENP R050FEH—Ry=a—bF0 ((N)] BEE2ZT. BHVEICBVTEHKRELSDER
2 7B M AMNILEIL L TV 5, TRV F—FASIROM LI L ZBENRT ADFHEHEIBILZ 5 Uk
B MAD—IRZMN, —HTHESETHOINDER (EEHHEY D) XA SHDOFIETEZEMNIZC0.%2 X
KNSR - BT T2 ENNEL RS, C0,DMAITEIIINDERIZET /2% —F 7 ) 0T —E0N, KHE
REMIZY > TIIHENZEMDOBEANS TR HEIERET LI Z RO NE, TITEEINT
WEDNEHAEBIZES005ETHD, TRAIIKIGENE ., Ca*oMg/e K DRIEIENM 2 RB I KT 2
UBRDHF AV 22 LI N6, EAINSC0 % REEEN & U THRUMNOZLIEETSI I Bk
YIEE) NEFEI NS (HlxiEMatter et al., 2016),

—H. BAECRARELEREENEEE T, TOLDEMEENDEEME +2 IR B I TRy,
ZDXS kR, HEESIIHABREEN SALEBEIIHN I TELD/FTE 7V —r 37 (BEERKE) BIC
EBUE, ZV—=ra 7% BXZ20005FERT~15005FEICHARBOTE - IERIZHE> THBEICELE L -5
JKETH Y, BEEBIZBEWTIEIHABAREN SALHEEIZN T T, B2 805 L BRBETOBE TIZEIA
{BHT 5, BEDOIYIIFEENIIVEUCLZ2BKOEENS, TOEZLINEEEAEH-TEY., KRR
DU e GO -ORBEETAILERIBBHETS, 7V -2 7%, LZEHRHEBRIZIES DX NDH
550N, —HMIFLEREENSZINEEDHEKEZE L, HEHZDlaMgEEET 5, I6IZERIKETDH
57-DBERIBENFN ENSIFEEL UTERICEERRE R, FE, 7)) —VvZ 70—EHHIRIZGH
DEFBEL > TV, HEESIL. 2010ENS2013FEIINT. TOES5BTATTIZEDIVT, (0, 2DK
JGERERIZE DK 7Y =V B 7EERDCSYIBEERT VY vy VO 2 EEL /-, DTV -2 7E8A
PRAVWERBOME, SABICLIVIGEERT VY Y IINRAXLEDE I, =D ) -V R 7I3ERE
BT 21RE (TERRE) DCGEERT VY Yy VaeFE O I LB U /- (Takaya et al., 2015),
UL, V=V R 7EREREBEDREIZL > THERNIAI KBRS0, ZORIGREIZH2IZIHS
M7 > TR, FIHURIZE 1T 5 00 ErE D AFFEEEICH T Tk, SVREENICT Y -V 2 7E8ER
BEEL., TOEAZENRSHEEEZASMMNITIELEII. RIGERICE D RIGEMHTE2ED TV %
EhH D,

S RSCER

Matter, J.M., Stute, M., Snaebjornsdottir, S.0., Oelkers, E.H. et al., 2016. Rapid carbon
mineralization for permanent disposal of anthropogenic carbon dioxide emissions. Science
352(6291), 1312-1314. DOI : 10.1126/science.aad8132

Takaya, Y., Nakamura, K., Kato, Y., 2015. Dissolution of altered tuffaceous rocks under
conditions relevant for CO, storage. Applied Geochemistry 58, 78-87. DOI:
10.1016/j. apgeochem. 2015. 03. 002

1. 2. WEEN

Edo@y), 7)) =2 R 7IIERUBIRERIZL > TIEEWREREE 25 Z LIz, BEDRE
IZ& - TIRIEWVEIMRR 2 R, T2 T, fFE L) SRR 2 MEENICERL Zh s 2 ERICAVWS Z L
T, 1bZ - SRR S COEIE R T V¥ ¥ VR HETRERET NV E2BET S, e WUiTL T, C0HLH
BEERT VY ¥ I EWIIBENS T — 0 R THIBICE T 50T B REHDRE 2 A AD, 7 —r X 7H#l
BISIRREIE FONIDFET D720, TODHFBAIIIKAREMPILEMB LR ENSSBEET D, ZhoD
KIFRECOFAETRD 6 —EIEEEN THDMEEIZIENE 7Y — v R 7B e Ir gL 35, Jhik, FEUBRE -
HENDEEN SERIZE T 200,07 IIHEN TRV L2, BETIRERE ESICEET 2 HEYE
MC0JREZHEIT S “cap-rock” L UTCHERET A Z NI NE 6 TH S (Takaya et al., 2013),
AHEOBHINL, BAORIGHEIZER L, HEAXINECL,Z2HME U TEE - ZEWICEE TREL S % B
Biwmithe UTIRRTDIILTH D, (NDERIZHEDEM TH 50, AT D RREERIZAIT TRY R
HOEETYLHITEERIEEICEENIIFETI2LDTHE I N6, BEBEBERDIEDHAL 567 (00,%
BT 2RFBEESIIHUTHEEARBRE LD Z LR INS,

Z BTk

Takaya, Y., Nakamura, K., Kato, Y., 2013. Geological, geochemical and social-scientific
assessment of basaltic aquifers as potential storage sites for C0,. Geochemical Journal 47(4),
385-396. DOI: 10.2343/geochemj. 2. 0289
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ERAR 2 - EaAR DM S
FIIR YN Yo Tk =S

BRU BR8N, F14VYEVY R E=IZXDFy T RIZPVE LA, 20K, SAFREICAELED
HERXNDGEF. YV HELUOBIZETRBRELA, Fvo—EL, SEEHESHERICHVSERICIT UL
2o BEIZOWTIX, B9 2 KIGHRBEMEZESFAE L Uz,
ls==ayis

FERTERBLAEESETF Y FE. A THKERNTE3-125 pnE THREL. 63 il FTORFIZT & ) —)b
IZEVETHRWFRELUE, REBEO—E%2 X SIHFL., IhE AVTELEESIERE (XRF) 12X 5251k
ZoMrE K OKKREHT (XRD) 12 & 2iEEMRE (BRILMODERE) 21T- 7=
FEIK R E

BonAABDS AR LT, BAEORIEEEHL 2, 2SR
2DV, BERESemX & X 5emdD HARR DA & /Esk Ll IV 2, 3
ERIRIMMEE KA B DB AKGAERGE (JGS 0312) (ZHEU, AMEBEHRA ST
IZBWTERMU 7=,

EHAE 3 : BREERIGAER
EEEEERY AT ADHESE

BEEEAREZERTIIIHY, BREEERADVATLAEEEL -
(K2) KRVATAIF A—ZLSKRTFY ZHOBESYA 278D 7 7 2 —MMJEL
ER—2L LT, RISESREMES - WBEOFSONATTO1022 Nide) &
UCTHERLEEDTH S, AFIZ, BHDI =) 727 Z2—=MS100-(DRIGEE
ENATOAC2E UTERUZZEREHEL 2, WIhE KIDESROY A X
12100 mlTHY ., BESXA 270 7 I X —ITHEAELEE - EHH300T - 20
MPa, =V 727 & —MS100-CIdmAEERIRE - FES1H3200C - 5MPaTdH 5,
MR R & B 72 KISERER

Y L 7-63-125 unDREKB 2 HWT, RISEERE EH L /-, RISEEIXI50T,
CO.2E (£FF) & MPak U T, KicHIEIIRATLARE Uz, MEE AW
RIGERRIZ., FIZABRICB I KREDEWVEESNITEI L E2EHE L
o RIGEEBIZIZI =) 727 2—NS100-C% V7=, - -

RIGHIRIRES, RENBE0EETRHALTOSHEL, KISEReER K2 8EY170Y

Utzo RISEIZOWTIIpHOBIE % EREL 72, BEEAE L BdRREHE LNy 77 2 MBS
BEIZ X O DEEL ., WIRERHE X 5120.45 mmD 7 4 NV E—=IZXk>TA8EL.,

PNIHEIRZBEERES T A FAEOHEE (ICP-0ES) 2LV BRETREELREL 2, £/2. —HDFEHC
DWTIR0. 1 MHCHIZ X ATEEEZIZ XV EREEA 4 VIBEZBIE U /2, BEEREEHZ DWW TIL, 60°CTEZEE,
SELTLEREE (TC: Total Carbon) ZEIE L=, /-, XRDOMIZ &V EMHHDEL 2 TN/
F o — TR R BV KIGEER

RICHMEDORELRNE Z L2z, SAEOYEHRMEE, BEARIZILEKBEDEWIZ X > TRIGETT
BENEOREZTEINEHONITEED, Fa—TRB2AVARKIGRBEERL -, KRBT, 3
HARBUZ R Z B O DRER X N-288 SK:RNBZV—v &7, [0: EEILFEESZ ) —2&7) 1220
Tl enADF 2 —TRIINT U CRIGRERZ EHL -, ARBRIZIIEES A 70 ) 727 X —MWIB 2 EH L.
RISZE2EAEEDENRR T RE LD, KINREIX200TC, (0.0F (£F) 134.8 MPak U7z, F/-.
KIGEIEIZI4H & U 7=,

RIGORI#E T, X-(TIZ L2 ERAMHEOTHEILEZ B IRV, SARENS LEOBRE X TRIGHETL TS
MERIEU~, X512, RISBOF a—THEHIOWTIL. YE 28R L. EFREBET T KIGDER
DIEEEMFLL 7=,

1. 4. 2. MABRKUOEE
iER L ERQO | S EAR ORI
ERABORNE B L UBARRII T OIS TER L 7z, HANEEHICHIMFEEEOY VT
ZZR A D

@ SK: ZRAIE (ALHmERTEBRFE) )
@ KN : FlilERE (ALiBERaiARE SHET)

® KT : B/ V8 (FKEERHEAMAET)

@ 16 : /g CHrisREREREER)
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® 10: EELIRE (ZLEEET)
® UK: 408 (SREHET)

ERFNTNRE S =Y E7BTH Y, EER 5 B E TORCATHEGE 28R & 5 ICHEHRI 2 3
Bleo UDL. O@DEGETIE. EBOBBASEROPEIC LA HETETHTIED L Z->THY, I
MBI e,

ZNENONEEEEBIRT.

ST s

e

X3 FEGANONEEE

OSK, @KN, GKT, @16, IOV TOKTE R TRTOEGHEMIKEEZFTTNDH, ABHI LT
ZDERAIIRLZTH S, FICQRNIDWTIHEREZ RTDIIHL, @ICTIXHAIWHEZEEZET S, OSK
BLUOIDY Y TN DN TIREEEREEZE L, OSKEEHZIZAW Yy FARBTEER I N, NEE
BN, —OIZV—VEA7EERLEE>TE., (LEHEMK - SEWHERNEL BT LW HERTE S,

R ERQ | ERABOIMO T

ERSABOLERE R

BELL 258BHIDWT, BRF Y 7O H U 2170
X SICEMRBE ST 2, ZORR. KTIZOWTIRZY K1 A ARHETHLAK
— VR T I BRI NI EENERTE T, Y —

- ° [wi%] SK KN 0 TG

VR TEERLRET S EAHRAD > DSED e
DEFIZOVTIE, BRIBRIZKRFOHEERL. (LZEHE Ao, 14.10 16.03 11.10 13.29
KEEIEL -, DFEEZRIIRT, JV—VE7EHRER  FO 8.99 8.39 2.53 1.89
IZDVTU, Si0DEEAISKD52. 3% 2 5100080.2 %ET oo S S
IEWEFIZ AR L THEY . AR CEIKEDILZEERKRZEL o 14.33 3.69 L11 241
WELERINT VBRI N9 MNDE, RIZIFTCOEE R @O 2.60 325 1.53 Lot
+ K0 131 1.96 227 3.26
° P,0; 0.11 0.16 0.01 0.01
Iz, BEROIRDSHFER 2 K4AIZRT, Total 9884 9934 9959 _ 98.65
Lol 12.73 2.11 2.55 733

Total Carbon (TC) 1584 004178 003063 0.01147
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X4 7'V —2 & 73R DR ks R

HARHIZTNZTNER WK E R U, Hl2IE SKIFRIEA (Plagioclase: NaAlSis0s - CaAlsSiz0p) 2
Vo za7y (Cl 1noch ore: (Mg, Fe)sAl(SisA1)0,0(0H)s). FHZE (Quartz: 3102) REDWRER XN, REE
DEABETITEEER (Augite: (Ca,Na) (Mg, Fe, AL, Ti) (Si, Al):05) MESERICHER X NA=M, Zhixh
fifrg (Calcite: CaC03) DE—Z LER->TWBLEZOND, KNRTUIIFEEIME LTN—IFa 54
h (Vermiculite: (Mg, Fe?,Fe®);[(Al, Si)405](0H),-4H:0) 2V 2717, EATFF 4+ (Mordenite:
(Nag, Ca, K2)4(AlsSis0) 005 28H:0). 78—+ b (Glauconite: (K,Na)(Fe,Al,Mg)2(Si,Al)4010(0H); ) % &
DR LI RBE NS SHERI N, —H T, [0ZEBBORENTH L, HELEZEIY C— 7 ISR I N
MNo7,

fh%‘fﬂﬁi-r 2B ORERET —ENSREL 72, BRI OIYIHKETEMEE R2UIRT, FEIZLIY —
BIZEESBWVMEIZOWTIE, BEFTEBEINAEEBIUONIILIY—VHEEL2SEIILE, /2. &
EEMEOR LT A, XRIZBWVWT =3B I NEVEDIZDOWVWTIRE L HTERE
(Glass/Poorly crystalline clay) UZ, 8. HI7ADHENRHEATHS-H,. AEDEFEIZOVTIX
IREIZEVBENRE S ETT50, BT 200 MERRT VY ¥ VOEMRIZIIHEL E X RN\ -0,

9
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I TIRERONEZ L LW,

SKIZEEEAOREAE2 S &R BMHEE» S ECLEERT VY Y IDRENI EWEEI NS, B8
SEME LT, 2V 27ua72800, FOEIES wite TEEGPRERICN L ThINEETH S,
B S A/fEEMERE LTI Ca®NgiRT L A DB I NV, THIZR LT, [00ERABIMEAREER
DEEIFEETEWMEETH S, PHELZLEIMIIEZTNR, HI7 A/ ERMEREEFI2IE0aNa, KDk
MOMNDEINDS, T6E, BEIZIVELAEEEBZONDZBAO—TETHIENTFA MeLlEdA I
ZAhBDIZO—aFA NeED, AREE H T A/SEREMER T FIZCaNNg, Na, KOKIBLINEEND, F
2. KNIZRIEAZI18 wBEED IS, BVWKRMENFEINE, —FH T, ABRAERIIED CERkE %
BLTEY., ZhEEMITIZLDIZZV 707N —=3IFa571 MNeEM20 wikbl E&EF N5,

—HEDBER NS, ZEOEBEIZIINRETFL. KNI NIZHEL ., (NOZEDEBEIZEWV, £778E
ADNBREL TS, Tk, SEORBOFTEIFEIZHMULVWEEE2ZIITEY., KA ICHENIZEET S
FEE B DA EUNER X R,

#2  HRUB OHEWAE R E

[wt %] SK KN TG 10

Quartz 10.0 30.0 50.0 60.0

Augite 249 - - -
Plagioclase 143 17.9 - 3.0

Biotite 5.0 - - 1.7
Clinochlore 3.5 6.5 - -

Calcite 3.6 -

Pyrite 2.0 -
Magnetite - - - 1.0
Mordenite - - 17.1 -
Glauconite - - 2.0
Vermiculite - 14.1 - -

Glass / Poorly Crystalline Clay 36.6 314 30.9 343

AARADZEKRBUAIE
SK. 10, TG, KNDFHFAHIN T & FZKBBORARORF 2RIIRT, /. HERERERITIRT,

ERDHRKEE
RME SR

(/HRi%)

X5 FEKGRERIE FHERDBRF

10



BETSRAHER [2RF-2202]
#3 70— 2 THRBOBEEE S X OB KRR

Bulk wet density Hydraulic conductivity

Ssmple 3
[Mg/m”] [m/s]
SK 2.266 1.11x10™M
KN 2.366 1.01x10™"
TG 1.740 4.82x10™"!
IO 2.494 1.91x107"?

FKBREINTHEFER IR, I1X107" n/s~5X 107" m/sTEEDEZE - 7, KK T0I3E EKEREL
ERUTEY,. ZNIEAEETORIGETHED TES 25 a2 RL TV,

FEREEFEEQ : RKIGABRDIER
MERFE & f:ﬁﬁﬁ%ﬁ%ﬁ@%ﬁ%

MERBR 2 AV AERGRBRICB TS, RIGEERS L OCBEHEMFORBRERUITT, /2, pHIZO2WTIES
- BERICHEIEL TWS /20, HIEINAZZELREENS150C, (0,9 E3MPanSM%KE L, HiFkit
LT 72— RTHSPHREEQC (Parkhurst and Appelo, 1999) 2k VEEELZ kD=, FEEIZ, HE—
ARE 2 IRERIESE & U C HRA (calcite) Z5BEL. TORMIEHEEEL -,

Re RISEBRS & ORISR ERAR OB ED R
. . TC of the
Reaction oH oH HCO, Concentration [mmol/L] Saturation reacted rock
Sample time [days] (measured) (calculated) [mmol/L] Index of sample
Si Na Al Mg Ca Ti Mn Fe Calcite [%]
SK 3 6.06 5.50 232 3.03 1.32 0.13 0.39 11.68 b.d.l 0.05 b.d.l 1.11 1.808
SK 7 5.97 5.45 26.7 1.37 2.59 b.d.l 0.10 9.42 b.d.l 0.05 0.09 0.95 1.428
SK 14 6.13 5.51 26.9 242 3.35 b.d.l. 0.20 10.88 b.d.l. 0.01 b.d.l. 1.10 1.888
KN 3 7.14 4.74 1.7 2.09 2.34 b.d.l 0.17 0.27 b.d.l 0 b.d.l -1.69 0.031
KN 7 5.75 4.96 8.4 325 3.55 b.d.lL 0.44 0.84 b.d.L 0.02 b.d.lL -0.83 0.024
TG 3 5.23 4.69 34 7.92 1.73 0.11 0.17 0.42 b.d.l b.d.l b.d.l -1.59 0.035
TG 7 5.82 4.82 5.0 7.55 1.90 0.02 0.28 0.77 b.d.l 0.00 b.d.l -1.11 0.035
10 3 5.71 5.17 15.0 2.49 1.69 b.d.l 0.04 4.01 b.d.l 0.14 b.d.l 0.17 0.081
10 7 5.58 5.11 28.3 3.18 229 b.d.l 0.02 297 b.d.l 0.10 b.d.l -0.06 0.085
10 14 5.59 4.93 10.2 4.78 2.58 b.d.L b.d.L 1.32 b.d.L 0.00 b.d.L -0.69 0.097

pHEHE(EIZ, SKEXNE L UABAICIIE5. BB TEE L THB L -, SEOHALE T, BHEMIZCaE
ENE<3HDREATII mol/LEBX5EE2RL -, Mgldlal BT 5 LIRWVEE TH - 7205, &mAT0.4
mmol/LIEEDIEZRL /=, BEREEA A VIEBEIIZE L T2 mol/LEEDEEZRL TS, ZHIZX LT, KN
WS T OPHCRIGHHEIT U, CaPMgDBEE THE TZENZN0. 84 mmol /L., 0.44 mmol/LE{E\VMEZ R U 7=,
T6%E FAWAEREBRTIIREEOPHEZ R L, HEETIZL T-4.8DEZR U=, SINBHEIISRBB TR SV
— 5T, CaPMgIBE IMEL . THETZENZN0. 77 mmol/L. 0. 28 mmol/LTdh - /=, BiREE A A4 VIEE S5 mmol/L
CIEVEZRU -, 102 AW -RER Tl pHIZMERS. 0FRE 2R T, M Rd L KIGFHBRIHENS14H
DT TREONIIET 5, CalEEIX3HEDM. 01 mmol/LEHREEL. FDEL.32mol/LEFTIET TS, E
IREEA A4 VIBE L, PHREEQCIZ L BEHEME LV EBWVHREEZ R UM, 4BIZIF10 mmol/LETIET U /=,
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[Abstract]

In this study, potential sites for geological CO, storage in Japan were evaluated, with a specific focus
on the Green Tuff region. Green Tuff refers to tuffaceous rocks formed through submarine hydrothermal
activity during the formation of the Japan Sea, characterized by their green coloration resulting from
hydrothermal alteration. Some of these rocks exhibit basaltic or andesitic compositions and are enriched
in calcium and magnesium, making them favorable candidates for mineral carbonation via reactions with
injected CO, to form stable carbonate minerals.

However, Green Tuff encompasses a broad range of lithologies that vary significantly in chemical and
mineralogical composition depending on their age and the extent of alteration. Therefore, it is essential
to elucidate how such compositional differences influence the CO, mineral trapping potential. To address
this, Green Tuff rocks with diverse chemical and mineralogical characteristics were collected from several
regions and subjected to CO,-water-rock interaction experiments to identify the primary factors
controlling their capacity for CO, mineral trapping.

Field investigations and sampling were conducted, followed by detailed petrographic and geochemical
analyses. CO,—water-rock reaction experiments were performed using both powdered and cube-shaped
samples to assess parameters such as CO, fixation rates. The experimental results demonstrated that
hydrothermal alteration, which defines “Green Tuff", significantly reduces its capacity for mineral trapping
of CO.. Specifically, a lower degree of alteration and the preservation of primary rock-forming minerals
such as plagioclase and pyroxene were found to be critical for CO, mineral fixation. In contrast, alteration

minerals such as clay minerals and zeolites contributed minimally to CO, fixation.
1
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Based on these findings, andesitic rock formations with low degrees of hydrothermal alteration—such
as those found in the Shikaribetsugawa Formation in western Hokkaido and the Ushikiri and J6zgji
formations on the Shimane Peninsula—are identified as promising candidates for CO, storage sites within
the Green Tuff region.

Reference: Yutato Takaya, Wako Kobayashi, Mitsuki Ogasawara, The effect of hydrothermal alteration of
tuffaceous rock on CO, mineral trapping potential. Applied Geochemistry. (submitted)

This research was performed by the Environment Research and Technology Development Fund
(JPMEERF20222R02) of the Environmental Restoration and Conservation Agency provided by Ministry
of the Environment of Japan.
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