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Distribution of Minor Elements in Banded
Structure Formed in Hokutolite Crust
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Department of Chemistry, Faculty of Education, Kagawa University

Abstract

Banded structure of hokutolite with brown and white crystal layers is often observed
in Tamagawa Hot Spring, AKkita, Japan, and in Peito Hot Spring, Taiwan. Two types of
the banded structure are found : one shows higher Pb content in brown layer than in
white layer, and the other shows higher Pb content in white layer than in brown one.

Chemical analyses of Sr, Ca, Fe, as well as the major metals of Ba and Pb, and X-ray
diffraction measurements of each crystal layer of this mineral obviously showed the
distinct differences in their chemical compositions and unit cell parameters.

As a result, relationships between chemical compositions of each crystal layer were
classified into 3 types. And two types of formation mechanisms may be possible for this
banded structure. One is the changes of chemical compositions in the crystal growth.
The other is the phase separation through two types of ion migration (exchange) after
precipitation.
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AILDEERIR P BB ORISR TREMCER T 2 ATV TE, I TEL OMHEE
L&D EEEEDOWFENITIEDONTWAED (EAR, 1997), It aohic 3t ofthmE fBEE)
LattofERE (A MREICKE LIciikERE bobonmon<Ttsh, B (1930) ®
YEHH - ZEBE (1964) ICXOiAN SN TWS, FIBREO DS VTR, BEERATEICIL~N
5E, 8, SRoGHEENEL, HICHBEBIEINY Y AEGERP I VY AR EICKAEHEN SV C
EASER (1930) Ik bHEBEIN TV S,
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Fig. 1 Banded structure hokutolites C and D formed at Tamagawa Hot Spring (1a, 1b). (1¢) A view

of banded structure hokutolite sample D.
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Fig. 2 Banded structure hokutolites E and F form-
ed at Peito Hot Spring, Taiwan (2a, 2b).
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o TWa, AEOAER L 2 IRIATH 205, WIN S IHGINTHERD 5 O5BHENATWIcE
WWHERRL7bDTH S LRI NS, JHHERED DT>\ T, Fig. 2a Ol E (3, 18
D 2JE<T, Hoptig (ED Pk 4mm, MoEEE (E2) B KL 18mm DEATH 5.
Fig. 2b Ok} F (3166, AL, 8RO 3ELD Y, RotgtfE (FO, fhiodtE (F2),
THoEEE (F3) WInbBLZ 3mm OEATH L. WEOAR L BT AIHTH 5.
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it 4 ORI > WK I LIS R A HI 0 D, Mok, (LEatreiT- 2. Bk
BRI Tlicaxrizkoi, ARICH2E A D26 REENM2E REF 23 E0H 13 i
SWTHITEEIT - 7o, a2 wbKERRIC & 2 0%, Ba, Pb A & ~ 13 ICP #5085
#r, Sr, Ca, Fe A 4 ¥ 3T U L D HIEZTT - 72.

F7, FEozk A3 ) 10> W T XEBREHIC & 0 BRI A2 KD, B ERDRIEETT -
o, BIE IF BRI A 7 — 7 Ly 7 2 Rint 1200 Z W, E 15418 A @ CuKa, # (Ni 7 4 b
¥ —) T, BEME 40KV, HFER 24mA, EEHE 1°/min, FFER 1s OFMET, MEMAE 20=15°
~ 50°DHEIFHTIT - 7. 71 MR (a=5.4196 A) 2k & L T ol 21TV, fvhE
FEEHOTEFERE=RH L7,

3. WREIUEE

XHREHT OFERIE VTN DG bl Z R T+ v+ — v TREFFRKIEEZRL, fER2REYE
— 1SRk E b O bDTH B T LA L. ik C BXU D LA OfEH % Table 11T, #lk
E BX U F Ofb¥ 01 OfEFR % Table 2 1/~ 9. REHALIZE ARG O KBRS RE 2 R O E
-t v (wt%) L, EREEORBES L THEAEL TV 5 Ba, Pb, Sr, Calc oW T,
D ABEATOVTOELDE (mol%) EETH/RLI.. £/, Xk BoniERE b
LI NEHEEEZR O TEHE LB ER D% Table 31 Lz, fEMAICREN TV S D134
HEFZTH D, WINd Vegard ANTHEWIZIELEAARITHIR L 72 K DBARZER L TV A T &hib

Table 1 Chemical compositions of each crystal layers of banded structure hokutolite formed at
Tamagawa Hot Spring.

x 1 LR OIS A Ok

Sample No. DBaO s DPbO s DSrO s DCaO s Fez(o)g**
(wt.%) (mol%) (wt.%) (mol%) (wt.%) (mol%) (wt.%) (mol%) (wt. %)

C1 43.89 94.37 3.73 5.51 0.02 0.06 0.01 0.06 0.20

C2 45.98 85.08 10.58 13.45 0.24 0.66 0.16 0.81 0.12

D1 38.08 85.23 8.91 13.70 0.14 0.46 0.10 0.61 0.41

D2 43.19 85.11 10.13  13.71 0.22 0.64 0.10 0.54 0.16

D3 40.40 86.74 7.95 11.73 0.28 0.89 0.11 0.65 0.06

D4 40.74 84.39 9.72 13.83 0.38 1.16 0.11 0.61 0.06

D5 38.45 86.86 7.65 11.87 0.19 0.64 0.10 0.63 0.45

D6 43.16  90.40 6.48 9.32 0.07 0.22 0.01 0.06 0.16

* Composition in mol% as to barium, lead, strontium and calcium. Mol% was calculated on the
basis of Ba+Pb+Sr+Ca=100%.
** Fe is not in the crystal structure of barite.
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Table 2 Chemical compositions of each crystal layers of banded structure hokutolite formed at

Peito Hot Spring.

# 2 JLRR R OfsIRIEB A O LK

Sample No BaO PbO SrO CaO Fe, 05
p 1 (wt.%) (mol%) (wt.%) (mol%) (wt.%) (mol%) (wt.%) (mol%) (wt. %)
El 41.68 88.35 5.96 8.68 0.67 2.10 0.15 0.87 0.09
E2 44.73 87.52 8.37 11.25 0.24 0.69 0.10 0.53 0.10
F1 30.04 67.53 16.69 25.77 1.87 6.22 0.08 0.48 0.75
F2 30.07 74.83 12.82  21.92 0.87 3.20 0.008 0.05 1.91
F3 21.25 61.95 16.27 32.58 1.18 5.09 0.5 0.38 1.64

nb.
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LT oBE (C2) 2L Ta s L, B
[EOHBAEE LY MEERESEL, MAT
ZbBVYFUL, ANV LDEHEELEL,
ERD DN Y LEHEBEN. D84 7D
(LR D ZER IR Th v, EiF (1930)
(RberyF o3RI WRLIcbDP, FE
ST TITHE L (Eax KRS, 1992) [6—E
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U 2B otFk o ZRmN D54 7TH
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o bic, cnk cldER—HSTER
BRSO b & THRK L 7o b b2 ak
DF & LT, FNERDOEHERMOIEIRIK S
A L 7 dbieqalkt 2 8 (S1, S2) ofb2Elnk %
Table 412, AEOIEIRIROE/THERKL 72
Jepenatel 2 1 (PL, P2) ofbzpink (k4 K,
fitk, 1988) % Table 51Z/Rd. T4 5Dk
1F, W GE UFEROERKD SRS 5 RE
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Table 3 Lattice constants (a, b, c¢) and cell
volume (V) of each crystal layers of banded
structure hokutolite.

# 3 FRALBa DR ER & K TR

Sample

WPl a(A)  b(A) c(A) V(A
C1 8.843 (4) 5442 (2) 7.134(2) 3434 (4)
C2 8.795 (3) 5439 (2) T7.112(2) 340.2 (3)
D1 8.796 (5) 5432 (3) 7.105(3) 339.5 ()
D2 8.801 (3) 5443 (2) T7.113(2) 340.7 (3)
D3 8.805 (6) 5.448 (2) 7.121 (2) 341.6 (5)
D4 8.785 (4) 5436 (4) 7.095(5) 338.9 (6)
D5 8.806 (2) 5.445(1) T7.118(1) 341.3(2)
D6 8.829 (2) 5442 (2) 7.122(2) 3422 (3)
El 8.831 (5) 5443 (3) 7.122(3) 3423 (6)
E2 8.814 (2) 5448 (1) 7.117(1) 341.8(2)
F1 8.720 (5) 5.442 (4) 7.065 (3) 335.3 (6)
F2 8.769 (9) 5436 (3) 7.088 (3) 337.9 (7)
F3 8.714 (5) 5441 (4) 7.061 (4) 334.8 (6)

*The numbers in the parentheses show the

standard deviations.

() NOKFREMERAEZRL TV

F L, ANV LAODEGFERNBELE->TVWS, TNIEClLEC2OERELLFL YA 7TH 5.
F7z, B PLIEEKEI P2 IS LT, 88, R hovFon, Aryy s, SowFhoaaEbE<
HoTWa, THNRETHEIDS &ED6DEREFLIATTHD
Wiz, kD Th B, 9, D1 & D2 ZLiKd 2 LEEERIZAGH O D2 0 F8EH o D
1E0EL, RECOBALZNTHE I Ebns. £, Aoy F v rsEHEESABETO D2
DOHMEL, WS, Hvyy AEEEIIABIOHBENT b b, RIZ, D2 & D3 TlEvlE
DGO D2 O BMEFENE VS, SEER Mo vy FuaphLyy AEHENOT LY
IO T BED, 72, D3 EDAIC>VTIE DL & D2DEEEELL, R0 EHOEHD D4 DJ5H
MEAENEL, R hovFy AE5HFRRBAGTTEHVWAE, vy v AGHBIARS TRV, D4
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Table 4 Chemical compositions of hokutolite formed on Yubana conduits at Yukawa downstream,

Tamagawa Hot Spring.

4 TINEREN RO GHERE TER L 7t O LA

Sample No BaO PbO SrO CaO Fe, 05
p 1 (wt.%) (mol%) (wt.%) (mol%) (wt.%) (mol%) (wt.%) (mol%) (wt. %)
S1 47.26  82.17 13.50 16.13 0.35 0.90 0.17 0.81 0.11
S2 47.95 86.62 9.66 12.00 0.32 0.86 0.11 0.53 0.52

S1: Brown crystals formed above the surface of hot spring waters in Yubana conduits from 1975 to

1989 (sampled in Oct., 1989).

S2 : Yellowish-brown crystals below the surface of hot spring waters in Yubana conduits from 1975

to 1989 (sampled in Oct., 1989).

Table 5 Chemical compositions of hokutolite formed at Yukawa, Peito Hot Spring.

# 5 ALBRIRE) TR L 7 b otk

Sample No BaO PbO SrO CaO Fe, 05
p | (wt.%) (mol%) (wt.%) (mol%) (wt.%) (mol%) (wt.%) (mol%) (wt. %)
P1 40.76  68.26 23.62 27.18 1.59 3.93 0.14 0.63 1.16
P2 40.51 72.62 19.07 23.48 1.30 3.45 0.09 0.45 0.73

P1 : Grayish light brown crystals
P2 : Whitish brown crystals

Table 6 Differences between chemical com-
positions of adjacent different color layers
of banded structure in hokutolite formed at
Tamagawa Hot Spring.

# 6 T RERRILBA O e E T

Table 7 Differences between chemical com-
positions of adjacent different color layers
of banded structure in hokutolite formed at
Peito Hot Spring.

7 ISR ERIR IR A o BE R ER T

DALAAAR D 72 5 DALFARL D 22 5
Ba Pb Sr Ca Fe Ba Pb Sr Ca Fe
Cl W W W W w El W W w W W
Vv AN VAN VAN V Vv A V V AN
C2 B B B B B E2 B B B B B
D1 B B B B B F1 B B B B B
V A AN V V A V V V N
D2 W W W w w F2 W w w w W
VAN Vv A 7a\ V Vv VAN A\ A V
D3 B B B B B F3 B B B B B
v A A v v W : white crystal layer
D4 w w W w W B : brown crystal layer
A Vv Vv VAN AN
D5 B B B B B
VAN Vv Vv V V
D6 W W W W W

W : white crystal layer
B : brown crystal layer



180

ED5ICSVWTHD3IEDIDEEEELTH
5. 2o DORKOES, ClETns Ak
R (Frothaa R Lok, BRO
KL 17060 ZFORRICH D, #E
AERICOWTYH - ZHEROKIE ICFlR s Tw
5L 94TDEDTHBIENDNE, &
T AN, wED D5 & D6 TIREAGED D6 D
MEEHDO D5 LD by, AbBvFUL, A
vy sEFREEBIEL, ARk C 0
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Table 8 Relations between chemical compo-
sitions of adjacent different color layers of
banded structure in hokutolite formed at
Tamagawa Hot Spring.

# 8 KJIRREMRILE A O REpER T
DAL R D BALR

Ba Pb Sr Ca Fe
C1-C2 n-c n n abn
D1-D2 abn-c n abn abn
D2-D3 abn-c abn abn n
D3-D4 abn-c n abn abn
D4-D5 abn-c n abn abn
D5-D6 n-c n n n
n : normal

abn : abnormal
n-c : normal color
abn-c : abnormal color

Table 9 Relations between chemical compo-
sitions of adjacent different color layers of
banded structure in hokutolite formed at
Peito Hot Spring.

# 9 JLPRRERIRILE G o SE R T
DALAERRL D B

Ba Pb Sr Ca Fe

E1-E2 n-c abn abn n
F1-F2 n-c n n abn
F2-F3 n-c n n abn

Table 10 Relations between chemical compo-
sitions of hokutolites formed under differ-
ent conditions.

(S : Tamagawa hot Spring, P : Peito Hot
Spring)

% 10 EI AT THERL At AT

(bR o B %

Ba Pb Sr Ca Fe

S1-S2 n-c n n abn

P1-P2 n-c n n n
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Table 11 Classification of the relations between chemical compositions of adjacent different color
crystal layers of banded structure in hokutolites.
F 11 R © REEEEER T DL R D 5

Ba Pb Sr Ca Fe Examples
Type 1 n-c n n n D (D5-D6), P
Type 1’ n-c n n abn C F,S
Type 2 n-c abn abn n E
Type 2’ abn-c abn abn n D (D2-D3)
Type 3 abn-c n abn abn D (D1-D2, D3-D4, D4-D5)

F I LRHIY T AR L, SEBEINT ALV HDTH B, THITEBEZ W DBEBER
TEDLE, MPZVEPAHBEERT OO 2HHL D, SHOEETIATE L E @ E1-E2, E2-E3
DOBIfR, %EIRD O D2-D3OBEAINICET 22 Eicis b, ToREOHBRMEERE OO
Bl cll@E oo o8 (R ORRIchy, FHENS, 74 7 3 8»ENdTsE 2 o
YF O LEINT B0, Aoy AEDL, $bEDTE AT Th A TS EORETIR
D @ D1-D2, D3-D4, D4-D5 OBENR T D ¥ A4 7@ 3. TD ¥ A F3DoETEZLZOERD Y
A7DEDLEALITV. LEHE (1964) NEETRLIcbDRIINGDH B Y472, 473
DOEFRFEOLDIHYT S EEbN 5.

DIk, AEHE - fofaifdeien o 2z 2 gl oM Btk 12, $2bRiTiE, K& 3aienfiani
M, RIZ, ToXkoBEIMEEEZ b O LERICOWTEZLTALD
[J5ipAl 1]

FFEZLONBEND 1 ISR E L T B TARSHE (RE, BEERE) RE(E
LU 7ctedIchE U ET 26D TH S, TOBEIFURIEH SIS DR OEEE TS 5 I
R L7z b DTH 5. RO DOFEEREREE L 0.1~02mm/FTh 305 (Eia K, #k 1983
1995), 2mm MEOFEREEZ & 10 FLIERE L BicEwsd s 2 itk s, EESHBINE
TR LA LIk > BEKTTE 2 EA NN EFHB L AT A 7 1ITET 5B
DTHY, 54729547 3DEIHKEARObDIFEFEALRHEINTORL, ol Eh
5, 471 OfkiE I3 T D& 5 SR OERSGEORMNEic i b Eahan/ic b (K%
W) EEFEZ NS,
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RIT, TOXSBITHRONIMPITLHR (14 ) OBE LHERMAIER) itk bebasn (B
B, 1998) bDEEZTAHLD. THbE, —HAERLERATILROBENEI D, kS
NTERETEHDTHS. TOBSEIRBHITEDL S B THOBE) G M -7 EEZ
SNBTHAHH . HET2 2 o0 (B a & B OMITB T 3 TRONEE BB DILHED%E
PG TR &, Ba,Pb,Sr,Ca D 4FEDITLRICODWTEAIE, Tl OZERIENEZ 5N 5D,
BEICHFET 2013 (1o EEFBICT N R1LTRENDIEIICI I TDATHS. 0F
ZNTNONTBRE (4 4 v) RESUBRZEZRWTET ERDLHILE 3.

547 1 OHYBLZEREA S % 25t

(Ba), +x(Pb)s+y(Sr)s+ (1—x—y)(Ca)y—(Ba)s+x(Pb),+y(Sr),+ (1—x—y)(Ca), (1)
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YA 72 DA DIEH T B A5
x(Ba)a+ (Pb)s+y(Sr)+ (1—x—y) (Ca)y=>x(Ba)s+ (Pb)e+y(Sr)s+ (1—x—y)(Ca)s (2)
¥ A 73 DA DT B A5

x(Ba),+y(Pb)a+ (1—y) (Sr)s+ (1—x)(Ca),
—x(Ba)s+y(Pb)et+ (1—y)(Sr),+(1—x)(Ca)s (3)

BE, 0<x,y<1Thy, [bFXPDA + VB ITEHE L 7.

NSO ADH B, b4 V2 EEOKE W Ba 24 4 VHEED/NE W P, Sr, Ca 75 & T
LT@EZfb L ERFEFICEIDEVEEZEIONEID S, R()DLI BERBKIETSI A 71D
& O HBIR AT 2 0 BEYI TR WA S, Tbb, ¥4 71 Ok BERESE R UEK
D&, B FTHRBERSENZEL LT EIC X OHRSZIL LER Lo EEZBRET
b0, FHREEER T 2 SRERB 13T N T THERER AT » 5475 2 PE R RS N TAERR L 12
bDEAZRETHA S, TS L, K(@2)PHXB) D& > WARMIGE, KPOHB T % VF—F
fboA 4 vV FEROEAD S b A A VWIS X 2ERBEDOES BN T 5 & 5 5 # (Ichikuni,
1973) DA LEDHLHICKE >THY, THEIVEZBDEVZE, LT, 94729947
3 D &5 IR (3 —HAR U 7o (RSB EAARTEE M S 2 0B I & 0 K (2) £ (3) D
LD 154 A VRN IEAE T OIS EE (phase separation) ##22 LT, DECE#ICE] - b D EE
ABIEMTES, LLBNS, TORBEEECHHEA 7 = X 2713 EFHMEEED & 2 ARIHT
HBHEESOIBHAIE,

bEAA, ¥4 720547 3D&SHEEKESEICL T URK 1] &5 kK<< & 72 nlferk
NELBVWHF TRV, KL, O RER 2HEREEAER L 72 Bk O L3R 2 Kific 25
b= 20808 H D (IS 2 EEZELPHPCERHE D A TGN, 0 X9 RiEEOKNigE:
(LFERE O H >, 20k 5 BELEZEBMIC 264 4 h =X L bHE M LBT NI S
O, TOLIRTEEMEINE, EEELTRIA T 29947 30L& BERILEA DRIA
ELTiR FHR2] oA»s#EYTHEEIICBELE2D0TH 5.

F/, MmooV Ti}, SROMETERER EZ/RT bOMFEAET S5 I LN, 2
5 (1964) OFtil U 7k It O fFAE 2 FEBRICHER T 2 2 T 2. kIR G ot EHRK
ITHOWVWTR, $ogERPHBILIRENRZO—RELTEZONDY, ThIIO>VWTH, BEDED
AEELVEZARDLLBVEVIDORFEIRTH S, SHBESICHRITEZERTOL LENH L EHE
ZTWA.

4. F & &

FRIEe 3 R 2 0 (LR OFERES SISV R LA L Ciiks 21t chd %
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15 & DR % & 0 1AL XEREr 2 fi 2 icitv, EEEomisD 8 4 70 b OmEBRICHE
T B EEMER L, SoICEELL AN, B 2iEREMOLFHROBIRE LT, K&EL
NI TIFHDO YA 7D L DOMRFAEL, TORRINE LTI 1) TEBARSHOBRIFZbic & b 5
15 B AT B 2 AR O fE B SE HAITAER L TEL 2 EEZ SN b0 &, 2) 1 JITHE LB
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—HRKEICERLILE, A4 OB I DHDEENE 2 EIcE>TELLEZEIONS
bolickBlEn., £ LT, BEDOHSEICE L TO Ba, Pb, Sr, Ca ® 4 55D 1 4 3SR IRIT
F280HB5 ENHEES NI,

B3
AWFEZIT OIS 72 0 IR A OFER O —I 2R L TR & - 72 () KIFBEZ KT & 0 &
HWOBEHREITLHDTH 5.
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