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Physical and chemical characteristics and biomineralization of
“Scarcity Black Persimmon Tree”*
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and TAZAKI Fumig*******

Abstract Kurogaki (Black persimmon; Diospyros kaki) grows very slowly and has extremely hard wood
known for its striking black coloration, referred to as the “peacock pattern”. It was formerly planted in
Kanazawa, Ishikawa, Japan. Kurogaki is currently very rare, found in only one of every 1,000 to 10,000
trees. Therefore, scientific data on Kurogaki are currently very limited but these trees are highly valuable for
manufacturing furniture, tea ceremony goods, boxes, and other miscellaneous articles.

Here we report the characterization of Kurogaki at Kanazawa, Ishikawa, Japan, based on radioactivity,
purple mineral light, and H,O, reactions in the field. To date, no report has described the results of electron
microscopy observations and chemical analyses, which could elucidate simple identification of species.
Here we studied the microstructure, mineralogy, chemical composition, and radioactivity associated
with microorganisms in Kurogaki wood using analytical data based on X-ray diffraction (XRD), X-ray
fluorescence (XRF), inductively coupled plasma-mass spectrometry (ICP-MS), imaging plate (IP), scanning
electron microscopy equipped with energy dispersive spectroscopy (SEM-EDS), and semiconductor
detectors. We investigated the distribution, location, identification, structure, and differentiation of the black
“peacock pattern” parts and ordinarily colored wooden parts and roots.

We evaluated the mineralogy, chemistry, and micromorphology of Kurogaki using a combination of
micro techniques. Using XRD, the black “peacock pattern” parts were found to mainly comprise cellulose
associated with spherical and beaded microorganisms, mineralized living apatite, a-cristobalite, and
halloysite. Particular elements associated with microorganisms were identified using SEM-EDS, which
revealed the elemental content maps of the central white spot in cross sections of the “peacock pattern”,
indicating high concentrations of Ca, P and S. The chemical compositions of the black and white parts were
determined based on mineralogical and chemical data obtained using XRF analyzer and ICP-MS.
Furthermore, we used imaging plate methods to obtain radioactive images of the cross sections of the
“peacock pattern”. The objective was to illustrate the association of minerals with various microorganisms
that are capable of absorbing both radionuclides and stable isotopes from soil and water. A radio dosage
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analysis of the higher black parts was performed by imaging plate pictures. We investigated the quantitative
radiation dosages of the “peacock pattern” using Ge and Si semiconductor detectors, which revealed *'Cs
concentrations.

The black “peacock pattern” parts were richer in almost all elements such as K, Ca, Mg, S, Al, Fe, P, Na,
Mn, B and Ba, than the white cellulose parts, indicating a role of microorganisms in mediating the transfer of
metal solutes from the hydrosphere and soils. Using SEM-EDS micromorphology, the chemical composition
of the black “peacock pattern” parts was found to be associated with a-cristobalite and living apatite having
wooden clapper-like microcrystals. The distribution of elements indicated the influences of soils in their
surrounding environment. Our results provide the evidence of the ability of microorganisms to immobilize
radionuclides in the soils. The microorganisms grow in the black “peacock pattern” parts of Kurogaki.

In conclusion, a-cristobalite and living apatite crystals physically and biologically grow in the sap with
cellulose under neutral conditions (pH7) in association with microorganisms using carbon dioxide supplied
by bacteria. Therefore, the crystals produced the “peacock pattern” in Kurogaki were formed at late times
during the year.

Key Words : black persimmon tree Kurogaki, living apatite, a-cristobalite, bio-mineralization,

XRF, XRD, SEM-EDS, ICP-MS, IP, Ge semiconductor detectors
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Fig. 2-1 Kurogaki (Black persimmon) cross section with white spots (A),
vertical section (B) and beautiful black “peacock pattern” with many large

roots (C) at Tawara.
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Fig. 1 Kurogaki (Black persimmon) with beautiful black “peacock pattern” of straight grain (A) and cross section (B).
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Fig. 2-2 Kurogaki (Black persimmon) upper cross section with two white
piths (A, arrows), under cross section with two white spots (B, arrows)
with beautiful black “peacock pattern” and many large roots (C) at Tawara.
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Fig. 3 Kurogaki (Black persimmon) at Makiyama (A), vertical cross
section (B), cross section of roots (C, D) and peacock pattern with white
pith at central root (E, an arrow) at Makiyama.
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Fig. 4 Sketch of sampling positions of black persimmon tree in Fig. 3A, B,
C,DandE.
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Fig. 5 Simple check methods of Kurogaki (Black persimmon); H,0,
checking for organics and bacteria (A), mineral light irradiation method (B,
C)
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Fig. 6 X-ray diffraction pattern of white pith at the central root at Makiyama, indicating formatlon of minerals.
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Fig. 7 X-ray diffraction pattern of the ruin of Kurogaki at Makiyama, showing cellulose, cristobalite and halloysite minerals.
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Table 2 XRF analyses of the Kurogaki soils and local soils at Makiyama.

EmMTE LTI
AN PAN AN
AR | AR g | O e
mass% mass%

O-KA 48.6 0.24111 53.3 0.22413
Si-KA 24.3 0.00713 26.2 0.00746
Al-KA 8.69 0.00703 9.74 0.00771
Ca—KA 413 0.00407 0.450 0.00242
C-KA 3.20 0.08477 3.27 0.07442
K-KA 3.11 0.00577 214 0.00347
Fe-KA 2.71 0.00263 2.71 0.00232
Mg-KA 217 0.01061 0.763 0.00952
Na—-KA 1.09 0.01411 0.823 0.01333
P-KA 0.683 0.0019 0.136 0.00127
S-KA 0.585 0.00149]  0.0402 0.00104
Mn-KA 0.241 0.00251|  0.0709 0.00199
Ti-KA 0.229 0.00524 0.246 0.00525
Ba-LA 0.125 0.02522 0.502 0.00967
CI-KA 0.0680 0.00299[ 0.0182 0.00284
Sr-KA 0.0491 0.00068] 0.0109 0.00061
Sn—-KA 0.0264 0.00234 N.D.

Rb-KA 0.0163 0.00073| 0.0105 0.00064
Zn-KA 0.0130 0.001| 0.0084 0.00086
Zr-KB1 0.0091 0.00355|  0.0089 0.00317
Y-KB1 0.0072 0.00335|  0.0050 0.00296
Cr-KA 0.0068 0.00254|  0.0074 0.00221
Pb-LA 0.0055 0.00217 N.D.

Cu-KA 0.0049 0.00115| 0.0017 0.00099
Ni-KA 0.0042 0.00116|  0.0020 0.00113
As—KA N.D. 0.0016 0.00079
Ga—KA 0.0017 0.00101|  0.0015 0.00088
Br-KA N.D. 0.0008 0.00069
&i 100.0752 100.468

E3Fk BLHTERMORO A fils L R A0 SEM-EDS 73T H & HE .
Table 3 SEM-EDS analyses of the Kurogaki white pith and black parts of central root, Makiyama.

SEM-EDS HOREES B0 BEE | 2EE

FTFRARYIEIL | Point1 [ Point2 [ Point3 | Point4 | Point5 | Point 6 | Point 7 &5t E JTHR Eiy E
Mg Kail 3.24 0.51 0.65 2.33 242 7.23 3.17 19.55 279 MgKa1 2.79 6.10
Si Ka1 0.37 0.36 0.38 0.76 0.20 0.16 0.15 2.38 0.34 SiKa1l 0.34 5.71
P Kai 7.79 10.25 12.63 7.85 11.47 1252 12.24 74.75 10.68 PKa1l 10.68 30.48
S Kai 4.65 6.18 712 4.66 6.85 7.33 7.42 44.21 6.32 SKa1 6.32 10.68
Cl Ka1l 0.43 0.58 0.56 0.51 0.59 0.78 0.69 4.14 0.59 ClKa1 0.59 1.88
K Kai 0.08 0.06 0.24 0.12 0.04 0.03 0.14 0.71 0.10 K Ka1 0.10 7.15
Ca Ka1 82.91 81.27 717.83 82.90 77.68 70.88 74.71 548.18 78.30 CaKa 1 78.30 31.81
Mn Ka1 0.20 0.25 0.14 0.36 0.25 0.79 0.67 2.66 0.38 MnKa 1 0.38 1.14
Fe Kail 0.06 0.01 0.00 0.00 0.06 0.00 0.33 0.46 0.07 Fe Ka1l 0.07 0.87
Sr Lail 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 SrLail 0.00 4.10

&5t 99.73 99.47 99.55 99.49 99.56 99.72 99.52 99.57

SEM-EDS HOREBERS

FTHRARYIEIL | Point1 [ Point 2 | Point 3 | Point4 | Point5 | Point 6 | Point7 [ Point 8 [ Point9 | Point 10 | Point 11 &H i
Mg Kail 5.34 5.75 6.53 6.71 7.28 5.09 456 5.27 719 6.60 6.87 67.19 6.10
Si Ka1 549 13.53 2.22 4.45 1.55 16.84 2.39 2.19 211 10.30 1.73 62.80 571
P Kai 34.15 30.95 35.11 38.12 17.43 29.78 24.11 33.22 31.00 31.34 30.11 335.32 30.48
S Kai 12.10 10.64 11.52 13.76 5.64 12.53 8.08 11.80 10.13 11.02 10.25 117.47 10.68
Cl Kail 1.98 224 1.67 2.40 1.02 243 1.23 2.31 1.93 1.85 1.63 20.69 1.88
K Kai 5.84 5.46 6.62 6.70 1.41 6.55 5.67 15.39 7.24 9.12 8.68 78.68 7.15
Ca Ka1 28.65 21.94 29.86 21.87 61.64 18.70 48.41 23.96 35.55 23.39 35.92 349.89 31.81
Mn Ka1 1.11 1.04 1.52 1.14 1.58 1.01 0.77 1.13 1.31 1.1 0.86 12.58 1.14
Fe Kal 1.08 3.7 0.74 0.49 0.10 1.94 0.50 0.27 0.00 0.58 0.12 9.53 0.87
Sr Lai 4.26 4.72 4.21 4.35 2.36 5.14 3.56 447 3.54 4.70 3.83 45.14 4.10

&t 100.00 99.98 95.79 95.64 97.65 100.01 99.28 100.01 100 100.01 96.17 99.92

(16)
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Fig. 8 Scanning Electron Microscopy of white pith of the central root at Makiyama Kurogaki, showing abundance of various typed bacteria (arrows in B, C, D
and E) and formation of apatite crystals (E, F).
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Fig. 9 Scanning Electron Microscopy of Makiyama Kurogaki white spot (pith) at the central root, showing elemental content maps of formation of apatite

crystals.
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Fig. 10 Imaging Plate method showing high radioactive parts at (a) and (b) arrows.

DERTINF 4 N OREEPZFICREO SN EIK) &
LEAELTWD. IO DOSHHEIL ICP-MS, XRD DR &
LEAELTVD.

ZIVEARIZ1Z 0.1-05 4 m OERIRKLT- 0% 12 k% B
VW, W ODORTITEE L Ty m OB AT L Tw
% (A). LIZUITERE S35 ¢ m ORI A G0 5 R,
SELREERZ R L TWA (B). ZOREBIZIZMT AR
FFDFRD NG, &SI EE T OERBMIEO LI,

(18)

[k Al ¥ PR AWAR <67 SN NG Sl By (- oL/ b/ X S B
% (C, D). ZOEBRBEY P HEMEL, FEEL T B
EBHETHILENTE, o, LORBILIEEEOHFAIR
DEPRF B RBO LN D (BE). MFARROIBEIA - ITEHA
AR YVHBEER LTS (F) s oIz HEAEY
DG THEAET /X5 4 AT S T GEfEZRIE L
Twa (8.

NS DT ARIREI A L T 2857 DICHRBIE A
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BEIZXUE Mg, Al Si, P, S, Cl, Ca DA iz Td

(9). KR Fe bV EFDOLND. ZOESTD XRD
W (8 6X) o/naAH A+ ALSIL,O5(OH), - H,O, f&ifHl
-7 A RMNTA bSO, HART 85 A b Cay(PO,)(F, Cl,
OH) D[FEM R LEEL TV A,

S5, BAIOBROAEESICH S AT ARKE S O
SEM-EDS R 1 > b 4 #r ik #1d Mg (0.65-7.23%), Si (0.15-
0.76%), P (7.85-12.63%), S (4.65-7.42%), CI (0.43-0.78%),
K (0.03-0.24%), Ca (70.88-82.91%) % 7= L, Ca, P, S#°
FHHTHD (H3FK).

BAto BERREAEICE T TIEICL 20 X ) RERE Rk
HHER RS0 S, HNE R S FRBUT 2 AR R BRIk
FrEo 5L, F72, MAGEL TWLERTH LIZLIERR
HONDL. FRERE R EOBMEM O, BEELKETE
WTAZLEBEAELTVD,

5
%
63\
a

HEHEERTE & IP EEDHER

BULBT O BATAET T 5 B LY FHOEZ T AT
BOWSMELX Ny 27592 F (60cpm) (12X LT 90-
100cpm & & TEWEZ /R L7z, FROM® 113 70-80cpm &
Ny 27Ty FERIZFRI L TH - 72,

—77, AR BT OfLEE O JLLERS (YD) 1%,
50-80cpm & MR TH L D I1zxf LT, WHlo B ERS 11X 70-
90cpm THTEWHEEZR L7 (BBE1IXIB, 2543,

7272, ERO L) IVEBFAHETH-TH, A AT

BaT HAORSTREIER AR,

77 L—F (IP) BEIZINEEMOR IS, DLEHRs
EIXFICEZ (BBI0KA, CEMla). T/, DASWEOK
R ICB W TOBE O OAPREAT R L, REHRED
MRIIZE NI E 2R LTS (10X B, D EFID). %8B,
TODEFIITPNT VLD, L — FOKRE EDOHIPRT,
—FEICER A IS Z ESTET, o0 CHElfk e
S L7=2056Th 5.

FIVT =) LARHERDBIE XY MILEER

GMH—~NAf X =% — Nal ¥V FL—arHF—~A k—
F— CREE LR EHI DWW T, b = A R
BEROT YA ha kMY =2 X B SHT
T, W Ycs, U, PRaSER MM Lz &RilBOLET o
BN, FaotiE v yetiE MotEcBgL s
V= ABIERIC L B AT PV OIER R 4 FITOR
L7z, lBEAED y#IT K HDHVIZ T, MBiz D 1)
TLARIB LY TV REEHEP LD L DOTH Y, KIS
MAHFEHETH - 72

B, TITORE (ent) (%, K FE M R 109
L5y ME—7 OEFHERLLEbOTH Y, BHEREDT
DI, BHhHEAHEE T & RO THiHME(L S T
W7\,

A R o> AT LA O BUR R (&, NSS4l L T,
WHlO B HETEY GE1IKB, £45). 72, FERKR
DAL L 22 BA o B EE o8 AR CHLEL - AR o P'Cs+

Table 4 Radioactivity of Kurogaki samples from Kanazawa and Fukushima areas indicated radio dosage.

£RKZFIZT 2016.4.9. 10:50 — 2016. 4.11. 20: 0038 E
S GM H—A~_A [Nal H—~A |"¥'cgs (cnt) 25 (ent), *Ra
(cpm) (u Sv/h)
£RTHRILETD E/O KNER 60-80 0.07-0.08 408.67 (+54.22) N.D.
HWILHEMED D LIE 90-100 0.07-0.08 200.67 (+40.59) N.D.
U ETIE +90-100| =+0.07-0.09 1175.00 (*£52.41) 346.00 (£75.27)
WMot 70-80 0.07-0.09 988.67 (+66.27) 1534.00 (*=142.59)
BG 60 0.07 661
At ERIRE AR (EEHhAER)
EMFAEZTDINE 50-80 0.06-0.08
P 70-90 0.06-0.01
BG 50-80 0.07-0.08
R EMETREAIE £ 2—IZT 2016.11.2981F
Ene ) GM H—A_ A |Nal H—~A |**cg +'9Cs
(cpm) (1 Sv/h) (Bg/kg)
BRERIRMHEH (EhAEH)
IERIEL-EmDts: #fl 290.00
. FEHI 100-120 635.25 (+436.784)
FEFEKREESY GEEREMEETH)
BLoTMDBE 100-170 3879.063 ( +194.702)
ID#FER 100-110 306.231(%137.885)
O ER 100-130 240.600 (+=174.281)

(19)
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¥Cs 13 290.00 - 635.25Bqlkg T » 72, Z DKL FEHIIA
HTH 20 MAR, KRLICRS I, 2oF FREINIRE
LTw2bDThs, GBTH, H45K). —J, HEOzD
(24T o 718 5 R B A S T R T X S35 A B 5 2 P IRt
YL LM OO ¥Cs + Cs 13, 3.879.063Bg/kg & I
BT o 7%, LR & AR VLS 240 - 306 Ba/kg
CRWEER R L (554 39).

£

WA, EINCHERE SNL BAM RO CTO %, WHT7TY
THROLOEAIHSTBY), AMITHICTHLZOb TN TH 5.
Beo TTERMORHFHRIZIZE A LEA TRV, BHAR(H
1) LBEMTHE#RTHLH, NhFaTid, BHhodh
TEHELTWAKRIZF)VTRERTT, MEBDOK -5
WEEALTCWE. 2O TR L Adhdk, < 7%
D, BDHHELES T A, FH OBIZRO T THESMN 22 1%
WO E OB 2 8T, BATERT L EEbNT
WV B HVRHEY RIS ST W v, KISR0 BB LK
FEBTHRLALIIZ, #5F5—PIEHO, ZARH—ILL
TR L ARITEZ B % B 2% (NAEBHE) 28
MOBGIBIZEHEAETLI 2R L. MESE OEZ
ForErid, METFET 59 A CHEFICEETHY), &
55—V T ANMILoTHBITESL., W5 IT—VYOEFEN
STl BBILKEZRETHICSE  OEIIET LS
s

F7o, LR TIRAEBTPOMORIEOEZITHAKR, $H0
JADH BRI 7 o TR ST 5 Tn D Tk
v e — 2 LAY - ALFIIS S ST, Hotr
TALESEHRL) T THLEEDLNLY, (LFENLTFT— 5 3R
KENTwav, $72, HRTIHEAWIZEMOMEZ v T
L, NRENILEE R L, LA BEEK B
KET LI LTI ZRIIHLAEEZELHAAD STV
L. BB, BELL7AioRNIALEREREEAT L LD R
AENTWED, HROBEMIIE T2 S BEEDRRH oh
TIAEEIEH SN L O T, FUCHS TIERRFIIZH Y 3772
LVODBIKTH 5.

—7J5, LARRONIE #HIT ML, B0 2% 72k
ELNTWEY, ZFoORFRR47-5%w. LaLl, &R
TIZIEEMIORE O H 5 REN R > TBY, RiFsEHis T
& B SR HHIL AT L ERT OO ARIZ & ILES D bz 2
EDS, HEENTWWREENZ 25N 5.

REFZECIE, ANREERTED [BAi] oFslis, 1%
A, VMBI Do RIS I L 2 0 L ILEE O
ERRET S L &b, [BAl) otz e d 2 W -
L2200 - SR - AN EROFEBEZAS NI LIz, HF
12, FLEEOTIRORIA & FIEEIZ OV, AR LE
AWENTHDLZ xR

(20)

HHRSAIL - 77 IR - AGH S+ - A= - A E— - BILIE - FAVNE - Bk

KIFFEAGE RO, HE8M, FEIKTRLIMED % v,
Ca, S, P, Cl 2 ERRINT A ETHEKERT Y A 2K
&, Ca S, KEEHIIMA A2 L TRADHEBEEITK
TALUREMELRH LI L ERIEL/. F72, Fe, Mn, B, Ba
LRERIZRICE L Twb I b ELIONDE (F1E).

BANDEERRNDER
BAROZE@FERIIAE 51T, W - (LR & A
WHRERDTE Z 5N T D, ALFERERO BRI EICS ~
ZUTHILEEEDLNTWS, ¥ = (tannins) 1, YD
WRLICEEINLE) 72 ) —VOBKHTH Y, #HELTK
AR o2 b DR 70N T = v EIFATHA. AT

R T o )= VDS, 59T IVH ) VT TlEE - bk Eoflk
HACTHALES L CTRBILT 2 (T 1971). /-, Bl E

VGBI CTEARPICA D RARZMED RS v =¥ D L
GEFEESWLT, R 72/ — VD EESSETER
T505 o3 L EOATEEIERE % (Yasue et al.
1975). &512, fIOKRIZEETNE R 7 =/ — VRGO
b BEEDFERERY, ¥ VIdESRHEEFL -2
WL TEOT S EBEBEALETTY V=V IIES IS
THREALT L. — T IIER OGS DVEE D O BRI IHL

DihERN, FhaMiATOy XL — FEREL, #
DT CTHAL - EETLWHREME D U 5N TV % (Yasue
etal. 1975 ; Noda et al. 2002 : Minato and Morita 2005).

EEWSFNER L LT, mRAROERII N T
T REEPEELKEEZ L TCWEESbNTWD. WEY
IHEE, T3 B, HREVWEEZRINCHIEL, X VRER
R)<w— (BLa—X, ANIXLVO—X, V7= Tvr
A, LY V) IS & AT CEILT 5. OB TIEFIC
WHEMFEMEETCEHE, 2ok, TN 7)) 7TOHR
PG TS % (Ehrlich etal. 2016) .

ARWFZEHRA I T 5 SR TTHILIT 3 L ORI ICEF L Cw
LEMBIOTIEOR G 2SN L2E 2 H, SKTIEZNIE
4, LACa P, SHREVPERTH/2 T2,
BOOfLEBIIBENTER S NSO T, Lo FiL-=E"
MEMTIEE S v, =0, WMOROB s L O
B OH O, HFREOY ) MIESITIL S TR AL
%5 LI ENICRED ENLBRTH L. RIFFEICBIT 5
IR SRt SN BAio R, BIARE, BiMkE s
N7-b0THY, &fEpBEfbromitl, ERED 7Y
A RNTA MZHPL LD TH D, T2, BfioRorh
JUZFRO SN/ OO, KREOHAY & 4RI E %
TSTA PR ENT VLI EPHL IR, BAfiodl
EETEOINAIMAED G L Tnb 2 xR LT

EMHOEEISPDOB £ BalloW\T
BN aEE & Baio ICP-MS iR Tl (B 15),
Baio B IZPLEIBO 55, Bald 15 & InTtws e



s [BAf ] OWEALER R & R LrEH

R L7z BOOFRKTHLD B & BaldESLEHERICHELL
T RS, WL - T B IXMIIEE 2 M+ A 72012
VR WETLHETH Y, 98% I TMEEE ST 5. AT H
DRZITEERELZFI SR L, @i, TEhoRY RgE
25 1lppm Z 2 % &, FEORDRIImEIL S B L\ o7zl
FFEELF ERIT. MY TEEBREORYREELTET
WOY R EORENEAE L, BRI L CiEiRyEEE R
FTIEFMBNT WS (BFH 1968 ; Noda et al. 2002).

A5V TOMNAA—=FINEET 4 L vy ZERBOT VT L1
THEMT 2 HBGESICR Bl EENTEBY, v EEED
i (v vIA ) BEESNTYS (HIEZA 2016).
AU RIFERTIIER L UL L2228, i ClRmRee L ik
IR TREET 5. KINCBT 2~ 7~ OEHFLITER K
ORISR, WMEZ BT, LIELIER T ZORENED
Ronsd, FsoREIEAORLIEMAIC & o TizlEH I
RS NTW B (ENZESE R &R A A RFZEAT 2015). £ 7z,
AZVTOMAA—FM - by V=7 RARIRRIIEEH
(Pisoliths) DI SN TV A%, FHEOBEOEH L G HF
WA REOBB LU BaEEN TS (HIFIZ2 2016).
73, Nodaetal. (2002), Minato and Morita (2005) 1% H &
#iti (Japanese persimmon; Diospyros Kaki) @ Bl L 72384
D ICP-MS AT & ) AT H D HE I @ EE R L7722
EERMEL TV,

EH12, 201143 H 11 Il & - 138, &)k, mEE
HHEROPEZ Z T 2R REAE T OKHTED B2

L7224 A<y P ORBIIZKEOBMAN P EBRL TH
D, V7YV L NTADN, REFBOLNZ. ZTONAT
< v MZIEBa, Sr, P'Cs, Cs N KM L7z (HIFIED
2013 ; Tazaki et al. 2015). 4xiRTT O FZERE QI fE S
TV E-AI O BATOFEE 2 5 b ¥'Cs + ¥'Cs A% 290.00
~ 635.25 Ba/kg 320 S L7228, SRR B — H IS 0 Hi
%, ZemaRE L7z 5 FE M OBETEWE AT Z 0 BATCER S
7250 THAHH. Fofh, ¥'Cs DIGVE—2 (200 - 988cnt)
PEME LD T & —FOMOTIIZRD Sz (545).
%5y, BEE—FEERRHEEOHREEDbDNSL, /2, FHL
DY F LIPS L FCs AT 1175ent B2 S 41, PU, *Ra b
P i R (A

LS ot Ezo P'cs + ¥Cs 1, 3,879.063Bglkg &
FEFNE o 7225, MBS L LM EBIZ 3L D 240 - 306 By/
kg LIREZIR L7 (5543, BEHO®mWHREIIRES
—ESS RO e B 5.

O—X EFERIZONWT
RWFFEE o THRAG ] O5ARR» S, Mo
FHE, WHEROSHETH Y, H UL L rE— 2
THhb. Lo —20b%ERIE (CHWOIN THBHAS, TR
FEDBAAE S L TREWVEIRIZZ 5720 DT, nA%10,000 205
1500012d % 2B RGTTHDH, U= ZANE5ITHEHA

(21)
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GoTera—23I7074 7))V (BUNEHED) &0,
JUBEDEREAZTE L T b (8 2012). o — A213fE 4
DFBAEDH Y, Mt - 74V A - O P ETEMIC
Jh S FIHEN TV %205 THEM 130T EITRM, Z8EH,
KR, IVT7 75 TONMFREIEbIL TN,

—J5, B OMIgEE RN AR 2 S BFEER AT A L Aok
B, Y& EE - KL, Mkt v EiEa sy
EL72b DR HALREFFATN S, 20 L9 2 MEpE E R
DAL A (petrified wood) % #i1b 474+ (per mineralized
wood) EIERZ EHE L, BHALRIEZOFRO—RIFEET
H5.

KiFgestelo [BAli] @ XRD 0##EHE (B 7)) T3,
tro— 20, KEMa -2 AT AN, BEEKTISNS
A4 BIKR), NaA¥ A raEEncuniz S S
NWIERAL L 72 BATE B A58 ), B E O RIRE o -
) ARNTA I L Tz, it o—fcdh 5
OA A ML, BWARERmRZFS, {LFRUSICRMETE 2
LSO T, TEOBEE»rS A4 25 [& L, Fh
AP ORESIRST 2 EDEHICTELTHA ). T
WMOREZTALE L QIIHMAENEIEIBE 2T A
BRICH A, Thbb, BAlioREab L 228k 5904
IR L L COMER OG5 TTER "HLA" v
CENTEDL. RWFEAERIIEMS HALK 1% B RiERA
L CRomRAAIICAE LT A (BkW) 2585 L C
VEoT2HEARTIRI L R THAHZEEZRL TS,

TEEHE AW ORI A SN A BRIE, HHE IR
ERBOOLNT-O LR LI AFR SN %2 2 BRK
DWW, WOHFIEALT, KIETZEZG2/KDHL
NEHEDOTVLEEZLNTWA, LML, BHIZEGET
HIVTTIBERBIIWBRE 7200 L XRS5, AMEHE, %3
SR, RMEFAW, WANW, brFauAERELLSF
SERAGH AR -HEIEEN TS (=35 A 2016 ;
EXITAY— - EZL—2016).

MO KRB & ERIMEER

ARWF%E 12 & 5 XRF, ICP-MS, XRD, SEM-EDS & 1{t%~ -
LR & TR BRI X A CRIEESAN, I sa
LAV AR S, B OSLERE O TR EE % B & 2
IZL72 HR2, ok RofaiBaic B 2447855 1 b
M OFBMAIEEC, BREEII oL LT, ST T Mt
W5 L Cwb 2 EFWLIC L, AR LB BT
LIGHO¥IME 2 KR L7z (55 11 ).

BEAOMO @5 TERIE 2 EOMEM A Ca, P, S, Cl
R AMR, HERTINF 4 N 2T 5. K, Bifo
BRI L7225 T, Ca, P, SIZMATK, Mg, Si, Srb%
CHU) ANTERBOMER (FLEE) 2R L T Cl,
Mn, FellflZ T, &512B, BaDMEILE LMY AAR LD
SR IESEDL. B, CLIZIEIF—ETEIL 2wV,



110

A %

X% Black prrummon tre
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WolFR Cromsedea
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DM B (P REEER) ;Ca, P, SXOK, Mg, Si, Sr>Cl, Mn, Fe
ZREEBROMENET /NEA DR Z LN |

i)

AEOH (FRAEE); Cad>>P.S>>M>S|, Fe, Cl, K, Mn |

K7 /\3 A +Ca5(P04)3(F, Cl, OH)

KL LR (MEMHZLY)

J: & E
- J _L\:M e i /
A Ll = Ee EX7
AR SR i EY
LIS 3 R DT Tt ] OROH Whils pid
R W SN R BE

EfitiE.Ca K Mg, P, S, Mn, Cl, Sr AZLN(EFR)

#hL 3% Si, Al, BaphtZ L\ |

211 BAG O AARFE AR (2 BV B Te IR DB n{aA].
Fig. 11 Illustrated elemental content processes of Kurogaki (Black persimmon), indicated bio-mineralization.

BB, BIAR - RO ERS TH L — R Lk
OAHA b, KRR g - 270 A MNT A e EOHY) E IR
L, B#fbRE 25,

BATOROE B 138 (GRE) (2E B3 2 WEMOBREE: (W
F) 12k, Tl Ca, K, Mg, P, S, Mn, Cl, Sra% .
WA ORE—R AR I BT 5, izt o
HICHEEEZBHEET WL, BReMEw 2RI &%
FTWEDOTHDL. ZOBREN S BRHOBOHIIZA L7
AL Ca, P, Cl Ao CHIHL AL T N A+
2VEY, S OICBIFEE EBICIER L 2SS 8l 7o k%
AL, ZOBET, MEVOMEIZIZH T ) S L ew
Si, Sr, Mn, Fe 7 KI3BEHEY & L THROIMIZK S bR
L7zOTIERwhrtE2 515, CaCO;, Fe (&L, Bk
) TR EOSMEOWE I L HBE LA ONT WS, —
J, Ca, P, SIS HIIMAMIIL T, Wb, 2L
THANEERR SN T, BEEWE L CRAE Lo iLedsy
fEouN7-0THAHSH . BB, HEPICEE S L ERKEEE
$i4 CaCO; 1E, TERUIIICIZIESE F 72 1R TH 5
728 XRD I IZEN W £ 5 # 2 515 (Krumbein
1983).

BHOBHERPIA
ek, BAOFBERIIY) o TAHBRVE VIRV RDYES
GwEW) BRI Tz B, B, &2
T, QL) A Iy T THRRENTE DA % 5108
%k dotzhs, AFRIZEY, BAIORES R A5
Mol TORZPIHZELSRIZT LD BITITR
LIAE, BRBEORBMoAEL HUIZ L > ToZ L

(22)

Blg24 2 2L, BEMEME % W% LRIVRESctao g b
BT L2 L, &5, FHOIMHITEERILKEE 5D 21T
BBERRLZ R EDVRHITONS. Thbb, RRERLE,
(LM HTAE R S, BAIOFLEE TR ORIERMED Z DR
OHLOREETH Y, MEMBIGSIC X 2 ERSEWLrEH %
HIFTW5.

— 7 BB o 2 BAIO—EIZ oW T, BRIZBWTA XA —
Dy TV — METEHEEERRY, EA ONFHEMGEBIE, B
KO X WEOH, BRE72EF v 7O ICP- BROH, #
KF 713 o EARVE FBHMEE S & 588 L Lo 247
I LY, BaoflEdoay 52 L0 TE 5
LEZL (BE5%).

WMEMES THMH T & B EREMILER

1FE AT NTOBARORIIHE & 364E L CHIIR 2B L
TW5, HRDPIER SN D DIE T EEED T T T A
IV AL L TR WHIBRER G CH 5. BROEIZ 7 — /3 &
F o7 W, FMERR, WNAVETEE, vy DRIER, €/
PO RA FEIREIE, 7—7 b FEIER, 5 CRIRRO 77
HIZgironsd (O 2012). F¢I2, WREIETEPZRBE) L
12w, RSN T LBAREER SN TR WA
ETEHBEENEC E L oTWwaD, B2, B 30m 2%
AEARBHBPIER TE LW E SR EMOESICLLRS
wEkEZSNTWS (H2012). 72, 2 (1983) & Fo
J XM OROMMICTEE L7z VA4 s ok s ZFoEIC
DWTHFE L T b, RO/ & ik DR MR 12 1%
BRI, BE, HORRIGEZ o 2R RENB Y, FoEENE
TFHAMBIEENREENTVED, VA s ORI
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Table 5 Chemical, physical, biological and mineralogical characteristics of Kurogaki (Black persimmon) with beautiful black “peacock pattern” and ordinal

Ccross section.

BRI AE EBAESE LHDEHR
SRS E=) [k
ST RERIE PLLEW INVDT SR
RIMEIRST REE | A
A A= TL—bk BERIIQYRIEHY | A
BRI KRG %095 | AA
TIEDBERIL KR RIS %095 R
X#REF S (ROt RBEEER) IO—R  EETISEA kN YA+ )a0—2R
X#REFT 2 (D REE) B8RRI ARNSA(BFEIEKR) )La—x
ICP-BE= 74T K, Ca, Mg, S, Al, Fe, P, Mn, B, Ba% L\ BaLY i
KRR ER R EEEDOHLMNZL Alf
EEHE FIBMETERE BOPRIICIIMEDEAFRRERALZ WEMIZ DN
IRILF—DEDH WODRBEE(Ca>>> P, S>> Mg > Si, Cl, K, Mn, Fe, no Sr )

BOHREEE (Ca, P, S>> K, Mg, Si ,Sr> Cl, Mn, Fe)
BHIAXER AT EMitiE ol 1%
Ca, K, Mg, P, S, Mn, CI, SrA"% > Si, Al, Bap¥% L\

AL OEHEAG 2OV TR T WA,

AWFED SEM-EDS BIZIZ L 1, BAIORO HLERD W
T LT o TOWIE SRR, BERIRISE S - 720k
Y (R PFEETLZ L, 72, BREHFOH LT Lk
TR ORFRU) e BUER DS & 2212 e o 72 (55 2 [ 1A,
FB3ME). ORI T ARKROAMLT 785 A4 b+ Cas (PO,)
5 (FCLOH) &S s T 7z (556 X, %5 8 X EF,
FEOX). vhALEWMREIL, W2TL oL QWL W)
VEEERFE L KNS 50T, Bk o THRIERIZRE
WA RTHDHZERRLTWE, DF ), flil & 1B
(CFRICHITA & AR OMHEAEHTHEEKT 785 A4 b DSTEH S
N sE25.

AIELRMEEIOWME - 56 - HIEEEFEMLIER

Y OMFTIL, HILOEEH MBS THEICWDRY, &
AEZLEYPELTHATES (EvTRX)—, EIL—
2016 ; =7 A 2016). AWFZER G OFHNEE T HEIT TFH
RENTZBAMIZONWT, REERT &, HETLIHROMICE
BOMWTTED SR TH L OZAD/NAVRED LN, FTEA
(ZZ2gs) &, @RI ORI H 5 )7L ILA 50 JTAERTIS
BT TEEEMNTHEOKIISGETH .

B, TEATHESTBERORE - HLEEIC LEMBT
KERTSEL &, HHHM TN A~y XS F 7 L=
AR L7z, 2 IR, BRI 6N, Bk
ROWEREVELFRESLNI T )T E VS LEIZARXTF A
MeX¥FTA MNOREPRD SN, N1+~ bD XRF
SATIC LR, si (19.3-29.8%), P (2.0-4.2%), S (1.5-3.6%),
K (6.2-18.1%), Ca(7.4-17.4%) , Mn (2.7-9.1%) , Fe (30.4-45.4%) ,
Sr(0.4%) A S a7z (M 2008). ARWFZEHCdH 2 HNT
OEAMIZB VT, BYbL/-TER2SCa, S, P, Sik&

DEFEREFEZWEPTIL T, HET 87 A4 L 2T 5
CENTREZOLND.
THEEROMAY MO A - BIFEOBRIIAEY AFIH T &
HEFR, ML, ) YOEERFRER TSI LD
HBENTWE (BErTAY— - EZ L—2016). #EWIds
BRAYLELIND LIS (EPOR) 1EATHES, 13E
P TNVERNT S L, MEOEEN, 5, IV hORTF
— D =D REICEAE L > TWDL I ENHS IR 7.
FEATEHAE T LA ORA 0% % (5O T 5, fFIC,
TEBAEWIROEI LN IZE L, TOIZEDbo T L HFIE
URET LI, Y ORE—R—KLTI) BTN D,
T EORICRFBEE 2B LA WL, FbEws
BICHEFETRLE0EZLNTVWE (EyT A1) — - U
7 L — 2016).

B, KROLAEIZIZRD 320 51T b (Robin et
al. 2015; Benzerara et al. 2016; Bindschedler et al. 2016) .

1) Y= b (et; BE) s Kb TRWER =&FELAfbL
HAE &Y. Yoy MIBEAROBZOLOOILATH
5.
FALVER R Al oMl e v o — 2 & &
MIFEED S V) | REEHNIZIZ 7 T2 5, HEE RO
W) =AY A,
ALK ALALER O ) 5, ALofFEN 2 GIEE LA
TdHbH. CaCO, Fe (WE#ksL, 1888L) 7 EOMMED
EBEIZEDBBRILADHSN TS, b &b ERDKER
DA 7 BB CHEMB T %  EOWPBEAL, ik
EFE T2 L) AT 0% v, A&
Wi e B L 2NAE D S\,

(2)

3)
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IRATHIZAET LT A 4T & ARIT o 2 4 By oo Sl 2 3RE L
T, IP, XRD, ICP-MS, XRF, SEM-EDS & 45T, WL
S, BAEMIN, SENROREE A AT RBRSE SR O A
DOIROFNID B A EBERS D XRD 541 Tld, A0 ERK S
THhobEa—Z2OMIKER a - 7)) A MNT A b, HER
TF AN BEIKA), NaAd A M EENRTW . T
SEM-EDS 12 & % @852 & 5 h & FUBRIRIZ 384G L 72k &
TR AFRD BTz, WML ARk T 3% 4 s DIcE
EESAEEIL Mg, Al Si, P, S, Cl, CadiAizmRL7:.
EAioBEHSGBRBEILREZECEBMLIEL, Y
R DFEAE 2 TR L 72

S5, IPEERHGHMEREOR R, BByl
\E Cs % E OISR OTEE L R0 H 7z, XRF & ICP-
MS AT & b, BmERsi2id K, Ca, Mg, S, Al Fe, P,
Mn, B, Ba 2SHLEEsr & 0 5L W2 LM R o7,
FERRIC A D — e B L X, SRS OTLEOER
FEOEHWIZ EDPHL NI R o7,

BEAORELL ZBIER SN T ILESIE "HIbAR”
EWVH ZENTED., ALK oifkfke LT, A (&
WZBRE) OB TR T HERT 85 4 N OHILATRD 5
N7z, B, SRS & b Wi aiS, B, Br, Ca, S, K,
PREDILEFPY ALK, WoL ) EREL, MEWOHEE
TCTHRADMEMRE TR ST TV,

2
aff

#;EE SRR F ORI AL IOEF BEMEEE E O,
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R, &SRS TR IT XE o p B K 6 b ik 2
AL T2/ BiE AfL, REPIESEEL, Ak &
K, MiEnE RS, IARSE TG, Wl oAt & TERIK
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WA ECREBMEHI o7z, $72, BITIZBIT B40
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7z, HIFEE R IENEOMER CTBMEEIC 2 o 72, BRI K
L BT A, RRFERSTICOWTIIERBIS & S8R E W
Trwie G oE Bt X OE SRS B I
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M7 SHE 2 W72 72 &L S KT L P S
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