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Abstract

Satsuma Iwo-Jima Island (SIJ) is a small volcanic island located on the north-westernmost margin of
the Kikai caldera. The acidic mineral-rich hot springs cause various tonal changes of seawater in and
around of this island. The red sea water depended on high density of Fe?* (191ppm) can be seen at
Nagahama Port on a large scale. At this port, microbes which metabolize Fe?*, make microbial mats and
typical terrace-like sediment (bio-terrace). Extra cellular substance secreted by microbes adhere sand
grains, and after that this bio-terrace is formed by cementation. The build-up of bio-terrace is very fast
and piled up over 1 meter in just 3 months. SIJ is a good example where we can research the developing
process of ancient stromatolite.

Key words: Microbes, sand grains, adhension, cementation, bio-terrace, hot springs, Fe?*.

1. @Loic N, Y7 /N7 TN THESHUT HMEWE

ZHHEIRE T 2D AR, 7T AR, vy var—

HERDAKBE D BH 50 2 BEHICIBEDHES ARFOHEFEELBEL 1Y, HELERS

L, B2 HBEEOBECEMRL T3, 20 h2o2HBAbuvwhIf LT, B —X
REWLZODICA PO I T4 v 3DH5B, &b FSVT, NARA) T LDHDOHBHISNT WD,
7Y 7HRCABBICER S WX bav b I 4 —F, HERBLTR, &L TRROBHT 2

20014 (FRk134E) 1 A25H%A, 20014 (FR13%E) 3 AISHRE



B40%& FE 45 (2001

BT, Abu~v 74 MEERYBEESINT
U‘E}S’4).

AR BN, P LD BEHT 246K T
HonsBERERERREECEWT, BEX |k
Ov kT4 PEDBVIRENS T T T ADEEH
AOoNIOTHET 5. BIfE, EEREERE
HENIZ 2 7 FTDNA X+ T 5 ADEERBHER ST
WBIR, ZDNAF T T ADEREETHE L,
kBt &b 3 » A THE12 m X 81715 m
XBE1ImZETERELTWS, —hH, "AV YV
TF—IVDAra~v b7 A ~OFHEEIZ0.5 mm
/ year LiEWRTH 29, kB, KFETCRIEER
BIZAOND 2 7 FIDNA X T 7 AH, Z¥EID
IO WCEMME TR RS L, T ARBET S
DhEBET LIz, ZORR, MEVDFEEIRL
DBFERIEHEL TW 3 2 L RO E T M
BRSSO MR > DTIRE T 5.

2. EEWMEBRE TS5 AHMEM AN

TEEERR B 13 b 2 9B O dtimic fiE 3 % K
WETHY, RAHILVT I OItlERHICEL, B
Wi HNLT FEEMNES (Figl ffR). ENOF
WE, FNEIERAE A VT I ohRkOED—>D
LEND, WEEZEAES RE877 CO KLY A
ZEH L T 258, FAE B G 241k L
TWwb, ZOBEDOEF)»S% L ORRBEBEHT %
B, WNTIREONNTREIZARE SRR BY,
ANT TRERICIZKIUA ABKAKEREL, SO
DOBA A VB L 7R RSB L Tn 5,
BB, BEEOEOE EMZES, TOMIHEET
F T BIKAREE» S5 27, 2 RERUOYE
BCIREE T 2 MR L HAORS I X D IBEY
B4, 2OMEICEY, GBI 3RELE
WAMBILEBICRoh 3?, B, BAfE—
OWEREFETH Y, ZOWiE, HEE»SOBET
KINK B % D2RER Y » o fitiash 37, E
EHEN I SR OWERE CO,, Fe?t, HfA 4 >
WE DB OBSRKBPEREL, Z0Fe?t 44
OB X AR RBOCEALTY S
(Fig.2 A). ZOZEMEHEAOHWEINIGL T, BEL
REFAE b ONL A<y PRI TV S50,
T PERR 8 S D AR 131997 4E, 1998 4, 1999 D

A HMRAES B RORL DB HE 230

wFhd 6 BICERL ., N4 AT 7 A RREHE
s ONEIO b o (Fig2B, UTFIHT 7 A &

EIR] s 7
Southern : i
[/ Kyusyu Heikeno jo
ISatsuma- (Kitabirashita
lvo Jim
'tl-q‘ /j 130750 €
x:

. .
Akayu Higashi

Satsuma-lwo Jima Island
0 L

Nagahama

Erabu-Saki

Fig.1 Location map of Satsuma Iwo-Jima Island,
Japan.
= = = = Kikai caldera rim.
% Sampling point.

Fig.2 View of Nagahama Port.
A :The hot spring water in and around Na-
gahama Port reacts with seawater to pro-
duce ferric deposit, which causes reddish
brown turbidity. The arrows from A to B,

C show the location of bio-terrace.

B :Occurrence of old bio-terrace developing
inside the breakwaters. Now this bio-ter-
race was disappeared by dredge.

C :Occurrence of new bio-terrace developing
after dredge of sandy beach. The arrow
from C to D shows sampling point of boring
core.

:Boring point on the bio-terrace.
:Sampling point of boring core.
:Hot spring water exudes from the crack of
this sediment.
=» :Biomats and layered structure are observ-
ed on the surface of bio-terrace.
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Fig.3 Schematic diagram of new and old bio-terraces

at Nagahama Port.

©:Sampling point of boring core.

O~@:Measuring points of water chemistry
around new bio-terrace in June 1999.

®~@:Measuring points of water chemistry
around old bio-terrace in June 1997.

Source I, II: The sampling points of hot spring
water.

Table1 Physical characteristic sea water around new
and old bio-terraces at Nagahama Port.
Low Eh around bio-terrace suggest forma-
tion of reducing condition inside bio-terrace.

74 > 54 « I

pH | ECmS/cm) | Eh(mV) | wt (°C)
Nagahama |5.5 15.6 69.0 | 58.0
Source |
Nagahama | 5.3 3.7 172.0 | 35.7
Sourcell
Sea water around new bio-terrace
@ 6.0 44.0 6.0 | 28.5
@ 6.5 43.0 14.0 | 27.9
® 6.6 43.0 20.0 | 27.1
@ 6.4 42.0 23.0 | 27.0
Sea water around old bio-terrace
® 7.0 48.4 —54.0
® 7.0 48.6 —45.0
@ 7.1 48.6 -51.0
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43#fret (ICP-MS: Hewlett Packard #4500 series)
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Texd4x < b (Figd A) 2DOWT, EHE0LE-
WA TFHEMSE (= 2> 8, OPTIPHOT/
LABOPHOT-2: % 5t 2 E EFD-3 8 L '3
BRI TBERE NTF-2A) »HOTEERT
> Jz. B2 O K DAPI (4, 6-diamidino-2-
phenlindole) ¥ %2{Tvy, 7 4% — (UV-1A)
PHELTEEL (HEVMOEFEELERLL. &5
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EFEME (TEM:HAE TS, JSM-2000EX)
PHOWTIEREBRE 200kV THRETL LD,
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Fig.4 The boring core sampled from new bio-terrace
in Fig.3. The boring core (55 cm in length)
was piled up in about 3 months. The layered
structure is observed on the upper part of the
boring core. The under part of this boring
core containing coarse pebble indicates rapid
sedimentation of this part.

A :The most surface of bio-terrace. Biomats
are observed.

B, C, D:Cemented parts and the points of
making thin section.

E :On the bottom of the boring core, none
cemented sand grains are observed. This
sand grains shows the development of bio
terrace on the sand beach.

WMAEMHMEHE S 2 WKL DB 232

BT RREHT CHEYRE ONEYDRE 217> 7z,
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FAREL, EAEMETHEMSE SEM  HAET
&1 JSM-5200LV) % v, H#HERE 15KV T
WROBERELBE L., s EESBAOE
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BE2ITo, S5 TEMBE2To1K&, £
D=4 z7uz)y K% SEM ORE&EICEL, 71—
Rra—7 4 7%, EDX e {To7z.
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FBEBEOWFRB L U7 7 A L0 A8l E 5
% Table 11z, F7-8&% O{bE4HRK % Table 2 (2
AT, JERO pH 135.3~5.5%2RT DXL,
7 ATI6.0~6.6, [H7 7 ATIR7.0%7R7.
EC IR TiE 4 ~16 mS/cm 1L, ¥HTF 5
A Tl342~43mS/cm, Z L TIHT Z A TiE& 5
WZEVW48~49mS/cm 2729 . %7z, EhfHiZ,
7 7 A IR RRHEAKICEERTE L BV E%
KL, 77 ANEICB W GEITR R BESR X
NTWBEZERRLTWS, FREDKEIZ36°C~
58°CERK,.TZ7ABAATRETL, FiX27~28
‘CxRLTWw3% (Tablel), ICP-MS 4347 D&
R, REEFR AKX TREE DO Al, Si,
Mn, Fef 4 v %2&teZ L #/”T (Table2),
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4.2. R=1)>7a7

REBNDNNA 4T 5 X (Fig2C) K-V~
7L, ¥I55cm @ a 7 B3ERER& vz (Figd)., 2
7RSI RECZ DTy 7 (Fig2D: =)
BRERDSN, 77y 7 T SERKDBHHH
>3, 27 EFIBROKEEEE (Fig2D:
=, Fig4: %) BRI hTw3, K-V 7o
7DOTEIZZE L v F (Figd, BAE 7cm)
2EAH, LEHCHRTEBRAEFSEW E05,
7T I ATEHOHEREEE ZRBILEREETH - T
ZEERBLTWS, a7DEDWHRIIBEL T
B657 (FigdE), FiNA 4T 7 ABWED i
ERkaEhnlZ L E2RY.
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s NA KT T AREKRE

BB NA 4TS5 ADRRBOEMBERES
T USHER % Figh &md. A=V > 7a7o
B#EE (FigdA) i@ 44~y b BEREN
TBY, ZOMBEYE L VDRISHEE SR T,
5, 2D A~y b % DAPI $efutg, #HEHH
WETTEHELILEZS, HaE2E L DNA OF
EERLI:, 2, ZORENSYT /N7 TY
7(a), EED), BRE, BHEC), LRBEMOFD
Fowoht: (FighA-1). £/, Ths>OMEY
WITEMRC LV EHAEEET I DB R SN, 7
a7 4 vk ET S E%ERT (FighA-2), &
51z, A4 A=y O TEM 82 & EF KR
DFER, 2.5, 2.2, 1.7, 1L5ADARY v &5
BEOMBMAEARICIZ, 72911 K74 NOERK
DI 53 (Figh A-3). Zhik, Th oD
EYBBRRATO Fe*t 2R#I 28METH 2
ZEETRBLTWS, £, NMF=v D

9 o FEA -

EHIRANIL L

XRD M D#ER, 2.5 AfHiEic 70— KR4
BROON, 72V FF74 bBERINTY
5 Z %7 (Figh _A—4).~7‘J‘, BEE»S51 cm
OWHBMICRED SN ZEBICOVT, SiD
EPMA BESFAN» >, HEIERE L MEE
KSINDBEERAZBILTWEILBRDHN
7z (Fig.5 A-5: 2).

« N4 X T 5 AR

REHEHT 7 ADR—-Y 7 a7 (Figd4 B, C,
D) DOSEMREBIE B L UAMER % Figb oR7,
TIARNE TR T FARKBLE IR R IVETH
FLOBREVEA TV S, HEEMEE LR & SEM
B2, EPMA €& O E (Table 3), WHifE
DTSR SN 2 BAOKKYEIZ Al S,
P,Fe &» 5 ), ROHKEE (Fig6 B-2, C-
2,D-2 0@Q~@) ZxLTw3, FELAROED
BAES (C-2 @) i3S (C-2 @) ki, Fed
BEENEL, ZOMERY Fe DBEETEL
TWnwbZ %M T 5, £/ CaDEIHEL, Z
DEIDBENHIKEA v b T4 bZsoh
BEORRBAINY T ADEEICLZDDOTIRL
WZ %Y. Figb C-1, C-2 #45rdD SEM #HE
B LV EDX T OFER, ELOFREE 2RO
P8 (C-2 @) 1, Al & Si o i3 EREE
(C-2@) DEwHELTWS (Fig7A). Z
DBIREELS (Fig.7 A-1) I IZERERYE 28
BCRE S OB S B ICEEL, SMilictehr>T
BRELTWZ0RTH sz (Fig.7B). A-158
5D EDX MF 3BV /Ny 7 75 > R ERL,
DS BEBRINHTH LI L E2RET S, —
H, 2OLEIHH L TV 3ERKERS (A-2) 123,
Al Si Mz TFe DEWE =7 BT oh 3,
Fh, BONNv I I 8NE P,S O¥—7H

Table 2 Chemical characteristics of hot spring water and general sea water.

ppm
Al Si K Ca Mn Fe In
Nagahama 0.24 51.74 | 145.60 | 332.00 | 12.97 191.00 0.95
Source 2
Seawater at| 0.12 6.91 —_ —_ 0.52 2.57 0.12
Nagahama
General 0.01 3.00 | 380.00 | 400.00 0. 002 0.01 0. 001
sea water

¥ :general sea water (after Iwanami, 1998)
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Fig.5

Optical, fluorescence and TEM micrographs of the biomats forming on the surface of new bio-terrace at

Nagahama Port.

A-1: Optical microscopy on the biomats demonstrate microbial colonies involving cyanobacteria (a),
diatoms (b), bacilli and cocci (c), and filamentous bacteria (d). The surface of bio-terrace indicates
viscosity by the secretory of microbes.

2: Fluorescence microscopic observations confirmed the presence of cyanobacteria with chlorophyll.

-3: TEM image of a bacillus at oil slick floating above the terrace (A-3). Bacillus accumulating
granular particles identified to be ferrihydrite by electron diffraction of the material obtained the
spotsat 2.5,2.2,1.7and 1.5 A (inset).

A-4: The result of XRD analysis on bio-terrace, using Cr Ka radiation, detected amorphous materials with

broad 2.5 A spacing, suggesting the presence of ferrihydrite.

A -5: Elemental content map of Si showing the dissolution of diatoms at 1 cm under the surface.
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Table 3 Electron microprobe analyses of cementing
substance between sand gains. Sample No.
correspond with B-2, C-2, D-2 in Fig.6.

C. Middle part @ and @ : bright core struct-
ure and dark rim structure in Fig.6 C-2,

Wt. (%)
Sample . Upper part

Elemen ® @
Si0, 16.49 | 15.17 9. 69 17.45
Al0, 12.73 | 1214 | 8.56 | 11.34
Fe0 14.23 | 14.86 8.10 19.84
Mg0 0. 40 0.42 0.24 0.45
Mn0 0.16 0.18 0.14 0.1
Ca0 0.32 0.26 0.24 0.43
K0 0.09 0.08 0.04 0.17
Na,0 0.35 0.39 0.16 0.50
S0, 0.1 0.1 0.21 0.1
P05 1.77 1.78 1.21 2.08
Total 46. 6! 45. 39 28. 66 52. 48

Sample C. Middle part

E | emen ] ) ) @
Si0, 19.69 | 25.02 23.28 | 32.80
Al 0, 27.15 | 37.73 28.39 | 41.91
Fe0 18.05 11.29 18. 68 0.61
Mg0 0.15 0.18 0.19 0.20
Mn0 1.25 0.25 0.05 0.01
Ca0 0.39 0.51 0.22 0. 61
K0 0.06 0.06 0.04 0.09
Na,0 0.04 0.04 0.08 0.19
S0, 1.25 1.46 0.45 0.22
P05 0.07 0.16 0.19 0.36
Totsal I 68 )1?1 76.70 71.57 | 76.98

amp | e . Under_part
E | emen ) €] 4

Si0, 7.86 7.12 1.00 6.50
Al0, 8.49 9.14 10. 31 9.37
Fe0 33.62 | 34.40 36.70 | 36.63
Mg0 0.48 0.50 0.52 0.50
Nn0 0.36 0.17 0.09 0.36
Ca0 0.39 0.46 0.54 0.40
K0 0.00 0.04 0.10 0.02
Na,0 0.39 0.49 0.67 0.38
S0, 0. 36 0.50 0.52 0.48
P,0s 5.29 5.94 6.72 5.63
Total 67.24 | 58.76 | 63.17 | 60.27
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Fig.6 Optical micrographs (left side) and EPMA composition images (right side) of thin sections of sand grains
with microbes. B, C and D correspond with Fig.4.
O~@ : Quantitative analytical points by EPMA.
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Fig.7 Scanning electron micrographs and the energy dispersive X-ray spectra in Fig.6 C-2. The part of A-1is

mainly composed of Al and Si.  The grain structure is caught in layered structure. Spherical structure (A-
2) is rich in Fe to add to Al, Si.
Fluorescence microscopic observation of crushed spherical structure confirmed the presence of DNA

stained with DAPI dye, suggesting the flock of microbes (C).
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Fig.8 Transmission electron micrographs of bacillus in the crushed spherical structure (A, B). Energy dispersive
X-ray spectra of the material surround the cell wall (C-1, C-2) of bacillus. Cu peak is the reflection of

TEM micro grid.
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Sedimentation process Adhesion of sand grains
of bio-terrace by microbes

Sand grain

vvvvv

Iron bacteria yanobacteria

Hot springs
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Fig.9 Schematic diagrams of sedimentation (A, B) and cementation (C) processes of bio-terrace.
A, B: Adhesion of sand grains by microbes on the surface of bio-terrace under aerobic conditions.
C: Cementation of sand grains by microbes at the inside of bio-terrace under anaerobic conditions.
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