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Formation of Nodules at Paddy Fields in Kanazawa, Ishikawa, Japan

TAZAKI, K., AKAGI, S., TAKAMURA, Y. and SHIKAURA, H.

Abstract: Hundreds of nodule with diverse size and shape are found at paddy fields in Kanazawa, Ishikawa,
Japan, which are considered to have been transferred from the Pleistocene Utatsuyama Formation. They
consist of external iron crust and internal unconsolidated white sandstone composed of feldspars, quartz
and goethite. Based on observation of cross sections with optical and electron microscopy and analyses
by X-ray diffraction pattern and FT-IR, both inorganic factor and coccus-typed iron bacteria are suggested
to have contributed to the nodule formation. A laboratory simulation experiment shows participation of
microorganisms in Fe precipitation in fresh water, supporting the suggestion. It is a possibility that the
various-shaped nodules are originally organism associated with microorganism, such as iron bacteria whereas

the tear drop typed shape. These shapes are also probably trace fossil of puparium cases of insects.

Key Words; paddy field, nodules, iron crust, coccus-typed iron bacteria, trace fossil.
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Fig.1. Maps showing the nodule sampling points and
study area in Kanazawa, Ishikawa, Japan.
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Fig. 2. Field views of paddy field at Nakayama (A, B),
and patch at Tawara (C, D), Kanazawa, Ishikawa,
Japan, showing close up round nodules (B, C, D,
arrows) .
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Fig. 3. Collected reddish brown nodules with various shapes, such as tear drop (A), gourd, ball, and oval (B,C),
in the paddy fields and patch in Kanazawa City. The reddish brown nodules were collected between 2000
and 2014. Some of nodules show wavy surfaces (arrows).
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Fig.4 The cross section of tear drop shaped nodule.
The white unconsolidated sand (A) is covered
with brown harden craft (B).
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Fig.5. The cross section of tear drop shaped
nodule. The optical microscope of the cross
thin section (A), EPMA composition map (B),
Fe distribution map by EPMA (C) and scanning
electron micrograph of spherical grains which are
abundant coccus typed bacteria can be seen at rim
part of nodule (D arrows).
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Fig.6. Inferred spectrometer of tear drop nodule
shows inorganic material bonding inside of
nodule(A), and organic material bonding (OH,
C-H) can be seen only outside of nodule (B).
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Fig.7. X-ray powder diffraction pattern of the nodule
sample, indicating goethite peaks at outside of
nodule (B). The goethite is not found inside of
nodule (A).
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Fig.8. Scanning electron micrographs show bacterial
colony associated with fiber cohesion materials,
after 11 days demonstration experiments, showing
primitive nodule with cohesion (A) and a mature
spherical nodule with a hole (B). The starting
materials of paddy soils and the water were
collected from Nakayama.
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PO R ) ¥ 2 — VORBIT TS, IR,
b, TIE, IRE % SRk A RIRBEHR TRICR
SN, ZOIFEAEDEE, /72—t
NORBAZBAEW S LT s (H, 1995;
Tazaki and Fyfe, 1996 ; Tazaki, 1999 ; Belkova et
al., 2001 ; Tazaki et al., 2006 ; B - HIF, 2007).

T 7z, EEREE S OREOOMEERRICAS NS
7T ADFRNS b RS T OB A BT 5 SR LA
WS LCwa, SERILHTN ORI & 0 I
TR 2B L, RIEBNIZEVBIRANS AT 7
A& L Twa (Ui - Bk, 2001). 512,
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PR B ORGIRRIIIEHENT T T e T
NI T THEEINER L TREBOMIRNA A
<y PR ENTW S (HE - BE—, 2004). N
TN TICEBHEDLE LN~y MORKILE
IR A OW )R AR C—HICHEgE SN D, &
IRKRERER D LRI L 72K & HaRE % V725
FEERTYH, b~ H KSR ST
5 (G5dE - |, 1997 ; Tazaki and Hattori, 2009).

KHEEIZBWTIE, BRI - EITOEIZ XD #&
DREREEFET DRI S ND. £ OB
&, ALFERERAL & BAEM RIS o s (L,
1955 ; /NE, 1971 ; Nahon, 1991). FEH» 5HLY
AATZEBREBAL L CZANVE -2 TEZDZNT T

o7, s, L Io3ERR SR < —RIIZAR
B E LTROLNE. TA5OKIIRILL T

FBEIZR Y, DA E 2 E N2 h5 F—
F RO EZ R T 5. BVEH Z OFEfAED
BENT, HREEAERL, EILLCEARIZRST
T&o2%, Z2I12i3RI Y #2719 7O
BRI N TS, KEDOKDEEIZ S MED X9
R ERALSRBE AT L — MERIC L ) R 2o Tw
LHENHELELIELTROLND. FOBMILE
R CEIEIC X D MENIXEEETY AR TR D
(Ei8, 2014).

R R T O F 1G04 3 5 /ANl g i
KB EEoOHER W O IZ, EEREEH SR S
TV R FE SIS ST b (R FH,
2012). Z OBRBIIIHE T & &AM I EICH %0 BR
5 B C & DB ILE R ORI L 2 Hb.
B Y 2 — VoI, A (C) oRUT
N7 F) T OVERIZ X o THILKZEA + > (HS)
CEEEL 728 (Fe™) 2SE LA 2 L2 L B (Retallack,
1984, 1985, 2001).

LT OKEAD SR L 720k 9 72 A - BE -
FRED V2 — VEIRRIE, BARESHEND 2
LWk T OMBIZEZ RO sh, »o, MY (B
W) %fEoTwd 2 LASREHMEE - BT HE -
FT-IR %2 LD TR &z (K5, 6, 7, 8).
F72, FT-IR |2 & DB TR & 72384512 C-H A
ENEETH Y, EPMA SHAERDS b, BFRIC
LBV a— VR ENZEZEZONDL. Thb
BRI E & DI DSBS B ST w
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Fig.9. Illustrated nodule formation processes at the paddy field in Nakayama (A, B, C) and the demonstration
experiments (D,E,F), showing primitive nodule with cohesion and a mature spherical nodule with hole.
Natural cultivation experiment and the SEM-EDS analysis indicated iron bacterial origin of nodule.

9. @RI OKEIZIER L7z 7 ¥ 2 — VOIREGEIE. A L K S EZRIRS 257 A TOTE, B R
WoHEKRZE, C . HEILALIEE, D FHERICIVHO IR o787 7 7TOFELER S
PREIEY 2=, E AN—=IT 2N L72#E O SEM-EDS 27 kb, F 95k 11 HHO A /N —
T AT L 72 #550) SEM-EDS 12 & % Pog m s 4.

LI THL. T2, PR TOREEZHI O BFENF (PHNF) 2 EOBEICLZRER/

TV AHAEWIEZEDOTERE L FHERRIC—RWICA S T2 — LD

1% Leptothrix discophora 7 & DEEALHE TH 5 RS EOFE I EOW ST TR <, Wk

CEAUREEND (HE - WK, 1997 HIF - E—, W~#T, WK RBEICLSH D, WG TnL

2004). TEEBET L, W= EOEROE D IZITRAD
OWRZAZTHDH Y, BEIZEWE Z AT 7
BrWd Db, RROWEMRD Likx PR
Shn (EEZIV—7, 1989, 2013 ; K11 HIAH
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TNV —"7, 2003). FNHOFIIE, KWFIETR

L7ZZREER Lo K DIRICE Bz b D, Tbb,

WOM &L IZITEEIHY, TOHTHLEL LER
BEHRPLRELSLSOGREIME SN TS, JRH
Bizbo b LT, sagflEME 08K
bd A (FhH - KB, 1995 ; Suzuki and Hiranaka,
2008).

—7, RWFEIZ L BEL 0TI RAKE VIR
B/ Va—niconwcid, Bl LD [HENLA]
ThHhAHURELEINTYS (M9). YHNFOD
PRI H PSR R EEL 2 eSO T A, FR

i, B ERIEOIR (T ML INTBED,

FHECHE SEMhokz @K 2@-oT "%
ICEOAN, ZOREINEEALFT L. BLL
WHRIFZFOI Y2 EXTHEL, W2 Eo THA
L7z, FICHHEE o THTITC (BB, 2002).

EREDAS> T HEILEREE O ZRILHE T
[ U CHkEEEY) (iron concretion) |27k o7-22 &
bEZOND. RWZETIY LWF7-R#EE S, ¥ 2 —
Wik, SR Zon ) oM OERLAIZEIT
W5,

INFUE BT EREARRICIREIHE Y B0,
ZORKITEHRE Y, REOT T NFOHERD
ExR5E, MERMEBEMATIEIRFDITHE> T
5 (R, 2002). 2LC, POV ORIZRAS
NBEREMD T A T IIHEDTITHE IR L TRIFIS

Bi7zboTw/i, “@BE L "% OKRZE0ER
oW, "Wl 3EWEL T HE CoRi

JEWIZE L, F72, BNFLERELSEINE TIC
BT, BIEASVTES VD, KELE
HTELDOTHAH." #HE "THEINIHHITX
SORBMER > TRELSC LY, WElEFo TL&E M
L, BICHIZEY, R THBRE 2> THIDOE X
121E, HEET SHNURESNAZ LI 5.7 il
B IR INA R TENTLE ) OTHM D I
ml), BhLOLBEII R nBEHZEZLNE (R
3, 2002).

AWFFE DRI OFFHT Celliforma & Xidh 54
JFICEL, ZORRTHLURELD DL (BIFREE
KFME). Celliforma i, HHEE - EiE - 75
23 - #IE - B - SR 3T ST LS
O EHEEN TS (Genise, 2000).
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RBRILAICEBEN /22— VDK

TA)AEREE Y FMNILTTIZSHT S
Fo— - X270 v g (REEHER) »oEET 2,
BHROEJFEAAEEZON TS DX, WKL
L TWAAEEETIZZ% v (Martin and Varricchio,
2010). [HZ, Genise er al. (2000) A3 L CTw
HNNF, TV, MFAIFY, AT IR, uaTy
HEORBBOEREAAIZOVWTLHIETH ), 7ib
Eobodhw, 7TVvEyFy -y IT=T7 0L
HEAOIE D, S, BRENTHIZWEEZL
N2,3% 4 T7ORRDOS R TOFERABH DD -
Tw5 (Genise et al., 2007). FN5ILEE 1-2cm
OB T 7213ES 1-3em OFEEZ LTH Y, 228
7w, —iadmasoizE ), HfEREE L Twb
DLH DL, FEE LTV R,

BF - AR/ T2 — VO

AR HIREEREBR TR L 728504\
Ja—ix, #No 7)) 75 LC, pH 7-8, Eh
24 705 200mV OBEIET T, 10 B HZIZIZHN—
AT ADEMMIET - F—FYED /Y 22— VOH]
BRIEZ TR L 72, Z OHiBREDO W {oid, 2-3 ff
HWhaoTWwAMLH L . INLDBIEER,S, Uk
I ATEDTINCIBIT S ) ¥ 2 — VOIEEGRFEIZ X
WA OB RICHFTE ST 25 ESHEE T 5 &
Zzonsn (MUr - HIE, 2001) . #AeEYOEHR
IXEED 5 7 R85 WE (cohesion) TEbLNT
WLDOT, BHEOMM T 055 L, BAE2 e
SNTAER, FR SR SN FEz o5 (M
8A). AV OKAEW I X 1) LA B S AT
BRI N D Z &, TEMAEYSES R RERE S
BTIEE L oMErd 5. YURILBHER YA, M
OB L L CGE SN, TG EEATEKS
FWINL 72 BT, $Ean s 2 &1 & o T bryBREs
WY, /Y a—VEERTARESO bz E
Fxbhb, Fi, BAEWORBEIC LY RO
Tl SN, BEEEI T, /Y 2= VNEO
PO L)L ELOND.
EZRT AL, (1) MRSTEIAFIZL ) HEEm
I2CT3 &, MfEBIBICMER IR S, (2) #
WA AR Il o = — 2 L C#h L, 8
OFBHPHRRE IR S NS, 3) BRAET»SE
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@2 a o TER T OBELEI AL, Ihe kb
CHRPER I At b3 4, (4) ZICIRRERF A

HErA S5 HENEL /U2 — VBRI .

RUIW 2 GRS RERICID, HE - BHE - 02
I T2 AT - BEEIEANETRREDPBAT T 500 &) »iEs
BORETH 5.

DEIRAE ) TV a—ilonTh, VHNFO
L) BFAENT FYNF) DS HERA> TV
BROEFAAGENIEZEZ L HD. LA -HMOR

272 EADTHNF PR 2o THEZ DD,

FNDERG D \IKIZ X B FEAEH D 720 1 RAF S
NN H 5 (M 9A, B, C). Retallack (1984)
D3 L C W A IHEELEL sweat bee I/ F /N F 1T
4 5 HEJEILA Celliforma ficoides (&, AHFZED O x
VAT V2= T E BT B,

HHASER LA/ 12— IR E BREEER
SIRT/NZ N2 BT BIRILRE O & EEICH
L ERBIE, HAEDTPRBEHLMREINT
WLIZTET, RREBHPLCROLNL LV E
b, B L) P a— Ve RmOTFHILIZTER
Mol LaL, ZOWEBEMOWMALTH LN
AL - ARET - NEIRIT O HMIC BT, $ik%
SRR LT Va— WS EBERIN:. $ro%

JRE

WHETFKDOHFROSH LM TH EINL 2 LIZL - T,

I TV a— VISERENTZEEZLND.

=, TANFREINALO % 51, B L/ HIHE
DRIENZ T2 SADTHNFDBR &> THEE D
<O, ZNHERITDEVIKIZ L BHRAEH D 72012
RAF SN REME D B 5. RWIRIC & 2 REE I
BD Y 2 — )V OIRERL Wb - ST RR R L
2K D HERTEH &AW X AT & 2SBE L
TWAWEEED H L. EBIZ, INHOEICLL
WFz/ Y a—nvELEPHERERT b s &
AL DOER L HEG SN Tw5b (Retallack, 1984 ;
Genise, 2000, 2004 ; Yoshida et al., 2006 ; Suzuki
and Hiranaka, 2008 ; 43, 2009) .

i

ARWFZEIC BT 5 FH AL L O Witz 5 1)
e INESERA S B LT T 4 MR EHI

40

JE L BILH LBV A, IR H ARG RS O -5
BHEHLICIZZOmUEREFHATWAZE, Ak
BTSRRIV T REAAOOSER
LOBARERCADOEMETHLEY—T 1 V1
+ MartinA. J.) ORMFEBHZT21247:0,
Rbwiz12wiz. 72, 720 08%EEY 5 FM
FEHICGAAT AN - 7)) =28 (LEEER) ©
B DNEERE L2 ERIE OO BE F THORW 272 W,
CTICROEH L VA BRI BT E RS
O =B R CRfT W22 %, Bk
HITWE R W W T2, BRI SR O
ISR E 21X Celliforma DEIEDHEFIIDOWT T
BORWZ & EHH L B 5. FIToREHRBUC X
ARSI, IARIERRIG, IRER T RIS v
72727z F o, BEIHTEFE O FEES 7RI IR
REMR O TR L O#ERFECBHEEIC R 072 W
FEOMERNIEHIF LT KIS BWFEI 2 o 72 BRRIC
ECEHRL L5,
ELORTE 2 BIEEELEIHET W2 EB
AHL RT3,
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