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Siliceous protrusions in the Sagata Cave, Akune city, Kagoshima Prefecture
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Abstract: A preliminary report is presented on the occurrence and geochemical compositions of the siliceous
protrusions grown on the surface of the andesite in the Sagata cave, Akune city, Kagoshima prefecture. Rocks exposed
in the vicinity of Sagata are dominantly Neogene and younger volcanic rocks (mainly andesites). The cave,
investigated in this study, is formed within the andesite. The siliceous protrusions, ranging in size from 2 mm to 1.5
cm, have been grown on the andesite surface in random orientations. Microscopic observations of the protrusions
show concentric zones indicating their progressive growth or precipitation. X-Ray elemental mapping showed the
protrusions are characterized by Si and variable amounts of Fe. The structure of the protrusions resembles to those of
the stalactites/stalagmites generally found in limestone caves but their chemical composition is dominantly Si- and
Fe-rich without significant amount of Ca or Na that indicate non-involvement of saline water. Petrographic and
chemical analysis showed the presence of amorphous silica, cristobalite, hornblende along with some mixed peaks of
clay minerals suggesting their growth from the andesite through secondary alteration.
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1. FCHIC
BEREEMAERTHEHORAEMIZBICIE, CaSHDOMNA TBRE BLUBARLOM
MATEAE+H) #EBETIHBENSHLTHY, TOLICHE=ZLASEMIBOK
s & HBEBMARELTWS (Fig. 1). ZOKXNUBLAEIFBARETHL-IBERRL,
EBELFENTWNS. ZORICKUEEZEST-HA—FMLORENHY, HEBODR
Bl EMEERTLSA, BEROEON, ATHELONIBELHAIZESHATLVEL.
2017568, MAEMEISLR CEABRFHAREESGSEONREERE
Y, RAEZERROTABRXEMEBRENTRER LE-REMICOVWTHESEIKES
h, SHEAFERLEEANESNTE-. 2018448260 (K) IZHAETLEE
ZESEEFERVLBZOERAZEOEATHIZHN, EBRAESLUZOEID
MBEREFTL, AERNORLUES IVZFOREIEE L TWSEEMZHERRLT-.
KFTIXZDOEEBYDERRE LRI OVWTIHRET 5.

2. hEHRER

MARTIIERSRILFEMIMAEL, HMEFHICHBAMABEOZdDOMME (U
ASHEOBMRXFEE L UVARLEOOEA+F) Z&BLELTLS. MMEBEREICAEDZD
Dtz L, BAARISERLTOLS[1]. ChoDEREZBB > THEZLM S
BOEOXLE (BHIcRIE) LHEY GHRE - KBRHEEY) AL LTLS
(Fig. 1) .
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Fig. 1. Simplified geological map of the Akune area, Kagoshima prefecture (modified after Katsumura

& Yamamoto 2016 [1] and references therein).

FARTHHOBETIE, BR68 mOERE (FoFRA) OERENRSFEBAREH
L., ZOJL@IFFEICEALN /NS HREICHE>TWS. EBEOMBEIZDONT, =H(2]FE
BANZLEHAOLHIED - TEARGRUAEDEERP L UVRRAKE LHEL TS,
ZTORRAMEIZIZFFKEICHBLEBENAR LN, ERLAEEFEHONLL. EBED
SHANRLEHAZ EREEHMERGERESBITEHTHANLEEOANERILE LH
£INTWS. B[2]1F, FARBEICENZHE=LKNSFEMITICEH L KLUEE,
SHARRLEE MARAKNLUEBICHEL, MELLBERAMEEES ERELTLS.
ZD#%, Miyachi[4lIZoNar 74y a v by EREZREL, ERBEDERA, MAR
MABICHAT2aHARRILARE2]Z, BENNTEEICHHT 2EHARTILEED
BIEE (4.4+£0.7 Ma) KYBWVWI EAD, FRICHARARRLEELEBERLTI. 6=
0.5 Ma DAIEMEZER LTz. Miyachi[4]llX, EBENOANERLEZSHARNRTLEELL
THERITTRLTWSD, COARARRLUED LIV 74y ay by I ERAIEE
B BRAMFARTERICAAT SAARALEE @EERLUE) O2PILaYTay
DAV bSO ERIE1.320.7 Ma EHEL TS, ZOHEIZDONT, Hi&E - A+ (5]
LERBEDI-HIC, REMEIOHLICEORKREBORSS L VBREOEHICHET IAEZE
TH-oTULS.

AMETHRET HEMITEREQOIAIME, ER 12mHEICHFEET SERRETHD
(Fig. 2). [RBEREHA—FILOEMAHY, RABIVEERORILAEDREIZ 2mmiE
EDOHLIEZHAT, ARTREEEYMLERELTWS (Fig. 2a-c). REDEIZE, =
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YL, T153TEM] EFEABNSZEEZTHZENTWVS (Fig. 2b). AREDMDAYOTIX
BINEABHLTHEY, RUEDLICBRARESRERRTES Fig 2d).
MARTOLEEELDELEND, BFE~ORMEE (154 34) &Y 6EFIM
AEANERSOUEE 1= ENEZDN, RILEALA, A5V FANERETV L E
BETA0TIEENS A4S B ot Ef, —HMOXHICIE, EBOREOEDAE -
TWROIBIFBRESICERS A SEABRE] EENNTEY, NEBOERC
[EEOESHY - -1, FARESHIC VNBER) £HY, ZOBSICEHCHMSNTI:
A, ZRLRIOEBOREICET 2 EX R EEIER

Fig. 2. Photographs shwoing the occurecne of siliceous protrusions grwon above the andesite in the Sagata cave. (a)
Inside view of the cave showing siliceous protrusions above the andesite. Note a dark layer of clay on the andesite.
(b) Another view of the inside of the cave showing siliceous protrusions. A rectangular box at the top left corner
shows the engraved text [1537EM]. (c) View of the andesite, along a vertical wall inside the cave, a brownish to
dark color clayey layer and siliceous protrusions above. (d) A view of the andesite and breccia tuff exposed at the
entrance of the Sagata cave. Black stars with sample number shows the location of representative samples and white

arrows point towards the protrusions.

3. RAE

ERRAEAY O EREM (1@ Sg-01) , REAMER/HN, ThoITFLTULV:
EEMB L UVRAICEEHME LTTETLSHE (9fE: Sg-02~10) DFH10EDEH % RE
Lt=. ZhZIhOHHOBHREERL, EKICEEMAODVTVEHBEZEESL K VFETIC
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U L-EZEZNRISERZER L. HIER, SREALFEMBETCTHREL, s0aEMEE£
UREHMORATRY Y EL T XERSITEMEE XGT-5000) ZAWNT, Tof=. Ff=, R
BEREVMICESENIE L QUYL FERZEZHASND-OICLEEOHBEZEAL, EESH
ZiTot=. HMEHFIKVOEE, IMADERE LU0y DXCTETRHREIYVELT, 104D
EEFHTEEAMZIT o= BIE LI=HRIESi, Al, Ti, Mg, Fe, Mn, Ca, Na, K, P, ClI,
Cr, Ni, SB&XUZrTH5. HMDOFME S USRI REICENRS.

4. #R
4.1. ZEEVHLUVEARFAHOARE

BHEBNTIHEBEEIBLICANGRILAET, EBREOAYOSLIUVUREHERILEHIE
BTES (Fig 2a-d) . RIWBEFFHASHAOARBEZEREA, NUH S A OMBOR
RA, AEOLLTERIEMI LGS (Fig. 3a). RUEORAICEWEEODREIN-E (K2
mmDFE L) LA TEREMHAEE L TLVS.

RRFSRTIE, RUBEPR~HROEEBOANA, REORRELEEDAENLCR
bnd (Fig 3a). £, RUEDRAZE > TOPLEADOHLTEFOLIZRADARDEEZE
TIEEMHAHEZETES(Fig. 3b-c, Fig. 5a). RIDAKRDOEREEZRTEEYVEEEICY -
FETHEHD & S BEENERLTHEY, PLHSADEELIERTES (Fig. 5b) .

MR TIE, RUAICANA, fRE AEOFAEHEYNIKNLASAOBEIZRTE
9% (Fig. 4a). Figure dblERDAKDEEZTRL, FBREZETIHIENDLFelTEL L
Nhhd, BEYDFZFEAEND AT, —HOKLEPOAEEELEZEEFEFALTNS
(Fig. 4c). £z, ZEMERILEDOHICA/LEINBEMBERCHIETES (Fig. 4d).

4.2. EENE L UVERRAHMOILEHRK

ERAECTERLEEEYS LUVRUEDKES L UVEERNEEATRIVE VT %
Figure 58 & UFigure 6I12Rd. MiRE & £Si, FeDEEMNT, Ca, Na, ClEREXIFEA
EEFENTULAL. RODAIRIZS, FeDBAMNEHRMICHELI-EEZEZAONS. TEAMIREE
BEUXGTHHM D, FEREDOLUH, HEREDV IR MNASA MO HEYGE ENERT
5. FEREOV) HOEEYIEKBEDTRE P AL (ChileDEl Tatio ;BRI [6])
PoEHREINTHEY, MEYOREETHELTWSEERINATILNSD, EHBRAEDRERE
MIEMEMRFEDIIIIFHER TSN o1,

HEDZDM®D (El TatiozE L) KILUMH (Soufriere Hills volcano, Montserrat,
Caribbean ; Yel lowstone, USA ; Merapi, Indonesia; &, BAX) mhoEHL I JUX MNTA b,
FREDOVYHELUMHLEY (hAVFA b, 45408 NA—HYA bk, RAVAAL T
E) MHEFELTHEY, BKOEEZTHERINSERESNTINS[6-12]. ERRAE SR
LE=ZEMEI VR MNTA FEFERBEDD ) AOMLIUYNAEFL TSI EMBEKD
EELEZTDBRDERTORIENEZ TSI ENEZOND.
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(a) Sg-01

Fig. 3. Photographs of selected rock samples collected at the Sagata cave, Akune city. (a) A hand specimen of hornblende-
andesite. (b-c) Hand specimen of hornblende-andesite showing the growth of siliceous protrusions above the clayey layer.

Note, numerous cracks developed on the clayey layer after getting dried.

¢ (b) Sg-03a_spike

r*" = .

(c) Sg-03a_spike y (d) Sg-03a_contact of spike & clay layer i

Fig. 4. Photomicrographs of representative rock sample and siliceous protrusions, collected from the Sagata
cave, Akune area. (a) Photomicrograph of hornblende-andesite displaying hornblende (Hbl), ilmenite (ilm),
plagioclase (Pl) and quartz (Qtz) in a fine-grained glassy matrix. (b) Concentric zones of the Fe-rich siliceous
protrusions. (c) Enlarged part of the protrusion displaying amorphous silica and voids/pores. (d) Weathered
surface of clay layer at the bottom of the siliceous protrusion (above portion) containing amorphous silica and

fine-grained matrix.
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(a) Sg-04
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Fig. 5. (a) Photograph from a cut section of andesite and siliceous protrusions grown above (sample Sg-04). Note a
dark brown clayey layer between andesite and protrusion. (b) Transverse section of the siliceous protrusion (sample
Sg-0) displaying concentric growth or precipitated zone. (c-h) X-Ray elemental mapping (Si, Fe, Ca, S, Cl, and Na) of

the siliceous protrusion enclosed in a square box in ‘b’. Scale bar is 3.3 mm long.

(b) SEM

L 49 m

" 5

— om0 = wom

1004
cos

4.9 nm

0

Fig. 6. (a) Scanned image of a thin section (shown in Fig. 4a; sample Sg-04) displaying textural features
of andesite and the siliceous protrusion above the andesite. (b) Secondary electron image of the thin
section which was analyzed for elemental mapping using the XGT. (c-f) X-Ray elemental mapping (Si,

Fe, Al, and Ca) of the siliceous protrusion and andesite. Scale bar is 4.9 mm long.
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6. F&OH

AMETIE, BEREEMABRTOERRIIHIERRAENICHEET 2ZEMDEHE, LF
AT ETL, BEYVWOBRREIZCOVWTER L. AR L VEMRSRRTE, ZEYTA
RARILEDREICKRELTHY, BDODARKOHEZRL, EHRNLTERENTEINS. b
PREMIERZED N, DIURMNSA CHIERBFELTEY, T ZEWEIFe NEET
HBEEMND, BKDEELZZTT, —HITRALEZTRETS. 512, THRIVEVITMDS
EZEMIENa, Cl, BEUCaRDEFIFEAEEFTFHVWI ENLBKISEEFZT-LIEE
ZIZ<LY. LWL, EEYHNRABEDORFLENSKEHDIWIEEICEKEL TS Z EIZE
LTIEHBATET, SEROPEZEFLTNEE S

HEE

WFIEDBEE 2 W T2 72D T BT AR T RS LBUDLER - ERREEaR M s Al fr 2R o/ NREE K (Blbhik
MEITE) , BHOREE CHEEZIE0 > TR WIZB AR E Z B2 AEFH B SUER O E B K
R XV EH AR L B ET.
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