BERRZZZAN Y R b Y
BREREH S (ZRE S 2 Bkl D HUERAL AR SE (1)

EEE

HARE: BRIk KFE R FE

~EFH: 2011-09-01

*F—7— K (Ja):

*—7— K (En):

ERE: &S, i5, Kaneshima, Kiyoshi
A—=ILT7 KL R:

FilE:

http://hdl.handle.net/20.500.12000/21748




DEFREE S E T 5 A o tERfeE e (1)
® 5 G

Geochemical Study on the Phosphaie Rocks produced
in the Ryukyu Islands

Kiyoshi Kaneshima
University of the Ryukyus

Because the qualities of phosphate rocks produced within the Ryukyu Islands are
related to their locations, further research is undertaken on their micro-elements
such as zinc and copper.

It is found that there are phospahte rocks containing a considerable amount of
zinc (0.1-0.7%) and that such phosphate rocks without exceptions are produced in
pocket forms on hills near seashores.

It is ascertained that there is a positive correlation between the amount of zinc
and the amount of iron, aluminium and silicate contained within the rocks.

Further, iron and aluminium phosphate rocks being produced within calcium caves,
were investigated as well as bat-guano inside the cave. It was found that a large
amount of copper (0.6-1.229 in the ash) was contained in the bat-guano.

Vertical sections of the accumulated bat-guano was investigated with a view to
understanding the decomposition of the bat-guano with the behavior of copper.

It was ascertained that copper becomes soluble and flows out upon the decompo-
sition of the bat-guano without entering into the phosphate rock and that zinc and
calcium behave similarly. In contrast, iron, aluminium and silicate tend to remain
as phosphate, so that it is clear that iron and aluminium phosphate formed inside
calcium caves contain very little copper, zinc and calcium.
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Fig. 1. 2
OXINOERABU OKINOERABU JIMA.

production; O3HIMA GUN,
An arrow indicate lccation of phosphate rock

JIMA, YAKOMO.

Fig. 1. 8
production: OSHIMA GUN,
YORON JIMA, OIGUSHUKU.

Fig. 1. 4 YORON JIMA,

Fig. 1. 6
production:OSHIMA GUN, YORON production: MIYAKO JIMA,
JIMA, YOSHA. MASHUPARL

Fig. 1. 5
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Fig, I, T
MASUPARI district.

KUMADAKI
MASUPARI
ARAGUSUKU
FUKAZUKU
SADIFUNI
YONAPA
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Fig. 1. 9 Fig. 1.10
production: MIYAKO JIMA, SADEFUNI. SADEFUNI district.

Fig. 1.11 Fig. 1.12
production; MIYAKO JIMA, ARAGUSUKU district.
ARAGUSUKU.
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Fig. 1. 13 Fig. 1.14
production: MIYAKO JIMA, FUKASUKU district.
FUKASUKLU.

Fig. 1.15
preduction: MIYAKO JIMA,
YUNAPA MAEYAMA

Fig. 1. 16
SSHIMOJI MURA, YUNAPA
district.

Fig. 1.18
rroduction: YAEYAMA GUN,
production: MIYAKO JIMA, HATERUMA JIMA.

KUMADAKI.

Fig. 1. 17
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Table T
Chmlc:‘al composition 0[ phusphate rocks produced in the RYUKYU ISLANDS.
" Moisture | | Si0s | P20 | FezO~;—} AlzOy | CaO | Ignil. loss

Pmductlon ’__“t.’)'.ample (%) (%) | (%) | (%) | (%) | (%)

'. MIYAKO JIMA MASUPARI | No. 1—A 3.79 6. 62 30.21' 4,31 ! 39, 75! 9. 65
MIYAKO JIMA MASUPARL | No. 1—B 2.56 |20.15 21.70  18.51 ’2&4” 15. 3;
MIYAKO JIMA KUMADAKI | No. 2 | 502 | 1223527 2.27 | 4747, 5.60
MIYAKO JIMA SADIFUNI |No.5 | 2.17 | 19.50 25.40,  10.95  31.85 7.31

Al MIYAKO JIMA FUKASUKU | No. 6—A | 271 | 1. w! 34. 85 295 |48.8 586
MIYAKO JIMA FUKASUKU | No. 6—B | 8.78 | 8.27 2.7 6.75 | 39.62 6.8
MIYAKO JIMA ARAGUSUKU No. 8 | 3.32 | 7.16 29.99 1.99 14192 5.3
ORIIHELE RS LA No.12—F | 3.02 | 1.97 3460 3.80 44 8?| 6.16
YORON JIMA OIGUSUKU | No.1l-—A 185 | 7.16 31.03 424 | 4490 647

' HATERUMA JIMA No. 15 3.51 | 3.40 21.28 438 |43.36] 17.80
MIYAKO JIMA TAKAYAMA| No. 20 1031 225 32.39 0.95 |42.34 519
Mwmﬁﬁﬁﬁﬁm““ No.O—A | 297 | 1151383  3.31 150.0% 2685
| AR Jiaa, No. 3 20.20 |26.4619.10  23.03 | 0.91 851
KUME JIMA YAJIYA GAMA ' No.17—A | 13.56 33,28 2442 26,89 ze 20
B| KUME JIMA YAJIYA GAMA No.17—5 10.05 23.01 20.96  17.18 | - 11.83
| KUME JIMA YAJIYA GAMA | No.17—10 . 16.56  20.17] 30.20 %%‘&Q 5.03
| KL kD MuRa | No.Zl—4 | 13,30 |40.84 2438 23 | —= 1,27
c[ ‘)}‘I\T}’é‘gﬁ DAITO JTMA No. 18 12.28 | 1. 21' 26. 96 37. 24 | 5.22  5.59
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Table T
Specific gravity of the phosphate rocks produced in the RYUKYU ISLANDS.

Sample ' Sp. gr. | Ssample i Sp. gr.
No. 0—A | 2.8630 No. 6—A 2.9082
No. 1—A | 2.8740 No. 6—B 2.7093
No.1—B , 2. 7410 No. 11—A 2.6032
No. 2 ! 2.7324 No.12—F 2. 7867
No. 3 | 2.1836 No.17—A 2.5780
No. 5 i 2.7357 No. 18 2. 6422
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Tabla K 2 4 £ M
2 % citric acid soluble phosphate of the phosphate rocks. FROFHBEC E VLA
Sample - gao‘f_itgfoﬁa;:;j l g:g:’;} || Ratiogas) *’g‘fﬂ&ﬁ l C77.
= . A - §_ b — S N e
No. 0—A 7.8¢ | 13.85 | 56.61 IR ORI T OIS
No. 1—A 7.4 | 3021 5763 ERERHRED 52D,
No. 1—B 9.68 | 2L70 . 44.60 P A D A/ NG AR
No. 1—C 5. 74 26.99 | 21.25 A I & A DR
No. 2 26. 87 35.271 | 77.23 e -
MR K &% BHB5. :
No. 3 1.20 19.10 | 6.28 PR *_ ‘E‘%f 6. %
No. 5 17.27 | 25.40 68.00 B siul, No.2, No.6,
No. 6—A 25, 01 34. 85 71.76 BTFF TR AHIE W3 No,
No. 6—B 21.72 29.75 | 73.00 3, No. 17, No. 18 &5 145icky
No. 11—A 19. 86 31.03 | 64. 00 R, T AUTERESA
No.12—F | 17.03 | 3460 | 49.22 _ & .
No.17—A | 0.44 | 2442 | 1.8 K‘Hgfﬁﬁﬁi FolifRic #
No. 18 | 0.18 | 26.99 | 0.6 TEEMBEOMRC X530
B LEZBND.
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Table N
Contents of zinc in the phosphate rocks produced in the RYUKYU ISLANDS.

smpte | STEEYE [ o | ™

No. 1—A 0.57 i 4.0 0. 701

No. 1—B 1.25 3.0 0. 240

No. 2 0.52 1.7 0.327

No. 5 3.38 4.8 0.141 (A) A7
No. 6—A 1. 41 3.7 0. 262

No. 6 —B 0.29 2.0 0. 682

No. 8 0.92 3.0 0.325

No. 11 0. 60 3.5 0.578

No. 12 0. 62 2.5 0. 401

No. 15 0. 52 3.3 0. 625

No. 20 1.51 4.5 0. 298

No. 0—A 13.87 2.7 0.019

No. 3 8.19 \ 4.5 0. 055

No. 17—5 12.00 | 47 0.014

No. 17— 6 13.08 | 3.2 0.024 (B) #n~—7"
No. 17—7 14.27 | 3.8 0. 026

No. 17-—10 7.24 2.1 0. 029

No. 21— 4 5.38 1.6 0. 029

No. 18 12. 36 a2 0.017 (C) rr—>
B 7 v B g 7.08 | 0. 029 2 #

Table V¥
Contents of copper in the phosphate rocks produced in the RYUKYU ISLANDS.
_ Sample | PRSIV | cutm) | SRS

No. 1—A 2.14 L 0. 079

No. 1—B 7.83 4.1 0. 052

No. 2 3. 90 1,8 0.031

No. 5 4.23 2.0 0.047 (A) 7 r~7
No. 6—A 14. 11 1.6 0.011

No. 6—B 7.33 2.8 0.038

No. 8 4. 61 1.5 0. 032

No. 11 3.03 0.9 0. 029
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No. 12 3.11 0.6 0.019
No. 15 2.64 0.5 0.018
No. 20 3.03 0.4 0.013
No. 0 —A 28. 35 4.3 0. 015
No. 3 15. 36 2.5 0. 016
No. 17—35 15. 37 2.8 0,018
No. 17— 6 13. 08 0.5 0.003 (B) #a~7
No.17—7 14. 27 0.8 | 0, 005
No. 17—10 9. 06 1.2 0.013
No. 21— 4 26. 94 0.5 0. 001

........................................................................................................

0.006 (C) #A~-7

7,
o
—
= <]
&
-
o
=
7]

W7 v B R 13. 26 0.4 0.003 2 #
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Table W
The relation between zinc & copper contents and location of the phosphate rocks
produced in the RYUKYU ISLANDS.

Production Sample l Zan(:f’g;j.-I Cu(%)

MIYAKO JIMA TAIRA CITY
MASUPARI

No. 1—A | 0.701] 0.079

No. 1—B | 0.240{ 0.052

MIYAKO JIMA TAIRA CITY

KUMADAKI No

(3]

0,327 0,030

MIYAKO JIMA GUSUKUBE

CHIO SADEFUNI 0. 141| 0, 047

prst
°
-
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Production

Sample | Zn(%) Cu(%)

MIYAKO JIMA GUSUKUBE No. 6—A | 0.262 0.011
CHIO FUKASUKU

No. 6—B | 0.682 0.038

MIYAKO JIMA GUSUKUBE

CHIO ARAGUSUKU No. 8 (.325 0.032
OSHIMA GUN YORON JIMA
OIGUSUKLU No. 11 0. 578 0,029
OSHIMA GUN OKINO ERABU
JIMA YAKOMO No. 12 0,401 0,019
YAYEYAMA GUN HATERUMA No. 15 0. 625 0.018
JIMA
MIYAKOJIMA TAKAYAMA No. 20 0.298 0.013

MIYAKO JIMA SHIMOJI CHIO : g

YUNAPA MAEYAMA No. 0—A | 0.019 0.015

B TAIRA CITY fO W No. 3 0.055 0.016

L UME J ISHIK / I .
S e e i % W No.17—5 | 0.014 0.018

7 No. 17— 6 | 0.024 0.003
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Production Sample | Zn(%) Cu(%)

KUME JIMA GUSHIKAWA - _

” . No.17—10 ! 0.029 0.013

OKINAWA SHIMAJIRI GUN A K B ¥ No. 21— 4 | 0.029 0.001
TAMAGUSUKU MURA

OKINAWA KITADAITO JIMA No. 18 0.017] 0. 0086

ATFURIKA GAFUSA No. 25 ‘ 0. 029, 0.003

KV CH 2L, RICHT I RIC X5 70 — 7 k2 L [AEC BEEH ORI & BigR RO &4

BCAOWTLID=EDDI NV~ TR EZDRPTUTHZHEHM S, BB A7V — 7@ X DS
0.14~0.70%BEL 22 NMYUBRSC L TR TR ERERBECEENTWS. RALA
I — T OFEREFACTH Y Ihcs, U EORAIMEL DN TES L ORH 50 U kR tEttek
¥oTHES. Bib No. 1 —B, No. 5, No. 0 —A, IEHEFEHLW. THIX No. 1 —B,
NO. 5, I8+ a8fIIER S (, RECHAKIE DWW, I No. 0 —AXEKLEE {, HBEE
b4 { THESHEL {RoTwS. TIUIERAKEFERATHI22DEELLND.
(B) 77— 7B+5 % DITEHRH0.01~0.05% T (A)Z7r— 7L CFFECEHES
. (C) Zr—7% (B)Z7 v —7REEHKOEFRIIP (v, HOEHEKICOWTL FEE
T A7 n—71%0.01~0. 07% CEESRDOFIN0SD 1 BT (B) A — 71X (A) Fr— 7 iCik#
LT4<0.01~0.001%RET (C) ZA~7TCiTA5IL A {0.005%BEL DO TwS. A7 A
~ 7 OB ENSE O AR CE L /iy BT 254056 L THEBCHROEW
EDARBIIER, XEHREY RIRCE (AT WS Z LTI 5 TA MBI - BAR%5%T
BRGENTCTWSE L L LWE LT, ZoBMarsdy s BERBERCHS 2 LPEHEGNTH S
PMRL (B) 7 —=7% (C) 7 n— 7% Fkicd & MO Bs Cd 5 b $ e
TGRS W& F 5 FH & $IL U CIER IR AT CH 5. Z OBITO\WTROMITAHE 2
HILD.

R TEUCHETWHRPSCHEROSAROL WIS 35 2 Fr o R HOEMcFERO B
. B (B) (C) 24— 7L VB AHLMTH 59 (A) IBR=FKFERS TH
b TSRO BRGICHEEOER W & . BILERRA/KO pH IIBBREEL IV K&, A4~
RKFYTAPRHBBR AN VLIV REOCEBLTAI =04 I/ y. F=C
(B)C) FcHBR L THME R EROB{LOEHBRROTWAD TRV LT 534, BEIH(B)
BAAFEP CTEHZEARNL VRELZO TuARSEE (C) I8EENSETCHY (A IEFEr v b
B Ch 2 ORELSEREHCHEOD 2R L NELLNIMETHS. (B)FA—TiX
TG ML D BB, HEESS (RRG D WE ST AKAROSEEORMLL THEKLrD
C, AFCHRAT B, WEEPCEELHERST S (IEPSHEREN L TuW{KlioT, AKX,
g6, BiFRlE, WHEEERVENTIERAED I 2D E, BILOEGDF K P CIlins 2D
(A)Z N =T e BBl EFZEZONENLTHSD. (CI7 1 —TEIbLAA N BEEECH L
TR AT 2 WL BRI Ds (AX(B) EHBLTHELTWS EWOHEZ S
fL, KR FERSCH D OO0 D6 Znd CuDBHR b HIEV M AL D EH 2
Y (R :
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Table W
The relation between zinc and other components in the phosphate rocks.

Sample i Production f SiO:I P:Osf FezOrl-AIan! CaO; Zn | Cu
No. 1—A | MIYAKO JIMA MASUPARI 6.9530.21 431 | 39.75 0.701| 0,079
No. 1—B | MIYAKO JIMA MASUPARI 2112/ 2.70  18.51 | 22.41 0.240/ 0.052
No. 2 MIYAKO JIMA KUMADAKI 1.22| 35.27 2.27 | 47.47 0.327] 0.030
No. 5 MIYAKO JIMA SADEFUNE 19.50( 25.40  10.95 | 31 85/ 0.141| 0.047
No. 6—A | MIYAKO JIMA FUKASUKU 1.10| 34.85 2.25 | 48.82 0.262 0.011
No. 6—B | MIYAKO JIMA FUKASUKU 8,42 29.75 6.75 : 39. 52] 0.682| 0.038
No. 8 MIYAKO JIMA ARAGUSUKU 7.16 29.99 1.99 41,92 0.325 0.032
No.11—A | YORON JIMA OIGUSUKU 7.16| 31.03 4.24 | 44.90 0.578 0.029
No.12—F | OKINOERABU JIMA YAKOMO 1.97| 34.60 3.89 1M3ﬁa«n0ﬁw
No. 15 HATERUMA JIMA 3.40 21.23 4.33 | 43.36/ 0.625( 0.018
No. 20 MIYAKO JIMA TAKAYAMA 2.25' 32.39 0.95 | 42.34) 0.298/ 0.013
No. 0—A | MIYAKO JIMA YUNAPA MAEYAMA| 1.15/ 13.83 3.31 | 50.02] 0.019] 0.015

IV EHESERRPENRE LOERS L OMEK

HESOZHE LEOHES L ORREWLHCT B2 (A) Zr—TEOowTENZRT.
1 PREA RSN L Rt L ORR

E2ieamTndaiil (A) oy

PRBEN TR TIRBEL OB RO AL
= 0.8

OTHHROEFHELHMT 2D 5.

OIS I EREL & FERMLIC 8 D &
H-FIET B HMIIC B D &5 5 HEIARA
DYE L TR D O T RO SR L & % Ik
A s U CRRI g 2 Wil 5 &=
5L I VitWIEnD. SRS AEE
4 WEBETIC2OW T L FOMEISEIL L 0

Fig. 3.
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The relation between zinc
and silicate in the phos-
phate rocks.

S

0.6 F
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Fig. 2. The relation between zinc
and iron & alminium oxide
in the phosphate rocks.

%Ww. No.5, No. 1 —BRIRERLTWS.
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Table W
The relation between copper & zinc contents and other components in the bat-guano
produced in the RYUKYU ISLANDS.
Sample | Production h{[;ls;:;: !Igl%ih Fe:0s+Al:0; ] P20s | Ca0 ‘ Cu _Eil -
| MIYAKO JIMA GUSUKUBE e % I D
No. 9— 1 CHIO FUKUMINE 75.78 | 48.72 28.95 11. O‘i 4 96’ 1. 220) 0. 347
(in calcium cave | |
| MIYAKO JIMA GUSUKUBE . |
No. 9— 2 CHIO FUKUMINE 85.16 | 43. 56} 26. 63 11.32 10.04 1.285 0.555
(in calcium cave) i !
MIYAKO JIMA GUSUKUBE | i
No. 9— 3. CHIO FUKUMINE 47.61 | 17.78 41. 22 £ 34.30 0.67] 0.508 0.150
: (in calcium cave) | ;
KUME JIMA GUSHIKAWA | | _ |
No.17— 1 MURA YAJIYAGAMA 54.02 | 30.06 22.63 134.09 1. 96’ 0.306| 0.037
(in calcium cave) . |
| KL‘\AT JIMA GUSHIKAWA | ! {
No, 17— 2! MURA YAJIYAGAMA 60.91 ! 29.06 26. 26 30.700 3.17 0.612 0.104
(in calcium cave) ' ;
KUME JIMA GUSHIKAWA | _
No. 17— 3 MURA YAJIYAGAMA 41.35 | 39.27 26.54 1 24.40 0.92| 0.388 0.064
(in calcium cave) [
KU\{E JIMA GUSHIKAWA !
No. 17— 4. MURA YAJIYAGAMA 23.74 | 22.17 30. 41 37. 94} 0.10, 0.032( 0.025
‘ (in calcium cave) |
| OKINAWA TAMAGUSUKU
No. 21— l MURA 88.64 :53.93 24.51 9,12 6.58 0.493! 0.216
(in calcium cave)
I OKINAWA TAMAGUSUKU
No. 21— 2’ MURA 75.18 | 55.41 17. 96 11.77) 4. 41 0.653 0. 265
i (in calcium cave)
| OKINAWA TAMAGUSUKU
No, 21— 3’ MURA 78.61 | 63. 44 19.01 4.54 5.07) 0.863| 0.095
(m calcmm cave)
MIYAKO J'IMA TAIRA CITY
No, 19 NISHIBARU 82.956 | 11.52 0.87 18. 67 28. 35| 0. 082 0, 041
(in calcium cave)
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Fig. 6. Behavior of copper in
accumulated bat-guano.
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Fig 7. Behavior of zinc in
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Fig. 9. Behavior of iron & aluminium
in accumulated bat-guano.
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Fig. 8. Behavior of calcium in
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