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Studies on the Various Kinds of the
Limestones in the Ryukyu Islands

Kiyoshi KANESHIMA

Summary

The various limestones in the Ryukyu Islands were classified according to the
formation circumstances of limestones into four groups, which are hard limestone, soft
limestone, crystallized limestone, and coral. The physical and chemical characters of
the various kinds of the limestone in the Ryukyu Islands were studied for the purpose
of clarifying the original nature of a limestone. The major and minor components
of the limestones, such as calcium, magnesium, iron, aluminum, silica, phosphorus,
manganese, sulfate, chlorine, and sodium, were analyzed, and also the specific gravity
and particle size of the limestones were measured. The following results were
obtained:

1. The contents of silica, iron, aluminum, and phosphorus in the various limestones
decrease in the following sequence: hard limestone, soft limestone, crystallized limes-
tone, coral.

2. There is a positive correlation between the amounts of iron+4aluminum and
silica in the three kinds of the limestones. The facis shown above suggest that these
limestones contain much more iron aluminum silicate impurities than the coral does.

3. The difference of the magnesium contents between hard limestone and soft
limestone can not be distinguished, Nevertheless, hard limestone contains more amounts
of magnesium than crystallized limestone does.

4. The manganese contents of the limestones decrease in the following sequence:
Hard limestone, crystallized limestone, coral. There is no difference of the manganese
contents between hard limestone and soft limestone. There is a positive relationship
between the amounts of manganese and iron+aluminum in the limestones.

5. The sulfate contents of the limestones decrease in the following sequence:

soft limeston
> hard limeston,

% on the average.

6. The chlorine contents of the various limestones vary from 0.0022 to 0.037%,
and decrease in the following sequence: coral, soft limestone, hard limestone, crystal-
lized limestone.

7. The sodium contents of the limestones vary from 0.005 to 0.33% and decrease

hard limestone
crystallized limestone

coral crystallized limestone. The sulfate contents of the coral is 0.57

in the following sequence: coral, soft limestone,
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There is a positive relationship between the contents of sodium and chlorine in
the limestones. There is no positive correlation between the amounts of chlorine and
sulfate in the limestones. The facts shown above suggest that the chlorine enter as
sodium chloride in the limestones.

8. The specific gravity of the various limestones vary from 2.35 to 2.80 and
decrease in the following sequence: coral, crystallized limestone, hard limestone, soft
limestone.

9. The results of X-ray diffraction methods indicate that the three kinds of the
limestones consist of calcite structure, and the coral consists of aragonite or calcite
structures.
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Fig. 1. Crystallized limestone at Shiokawa in Motobu Penisula
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2-1 Shuri Nishimori 2-2 Machinato
Fig. 2. Naha limestone exposed on Shuri and Machinato
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Fig. 3. Yomitan limestone at Yomitan Son Sobe
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Fig. 4. Machinato limestone at Minatogawa
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Table 2 Summary of SiO: Content

Crystalline Naha Yomitan . Machinato

. Limestone Limestone Limestone Limestone
Si0. Average (%) 1.31+0.108 4.64+1.37 2.36+0.94 0.82
Stand. Deviation 2.46 5.68 2.66 0.28
l Number of Sample 23 69 33 4

t (83, 0.10) =1.66 t (83, 0.02)=2.37
[to] >t (83, 0.02) THELEETHH
HBAKE L EREAKEDY ) hDOEEROFHECER DD L2 5.
HRAKE L EREARK S ORI

AF PG FE R EA K S
oy Tv=2.36 Xe==1.81
=® Ok B Ny=33 N¢=23
R FH Sy=227.214 Sc=139.590
AR A B Vy=7.100 Ve=6. 345

3 Si0, FEOSHORERIT ) &
Fo=Vy/Vc=7.100/6.345=1.11 F &, F (32, 22, 0.025)=2.17 F (32,
22, 0.005)=2.78
Fo<lF (32, 22, 0.025) CHETKL
A YRZERL  Ty=2.36 L Tc=1.31OFHEDEVRET S L
R BV =(227. 214+139. 590)/32+22=366. 804/54=6. 792
.=V V=V6.792=2. 60
=1.05/0.702=1. 49%
SAiED B HE ¢=Ny—1)+(Ne—1)=54
t (54, 0.10)=1.67 t (54, 0.02)=2.39
[te|<t (54, 0.10) THETHW. XoT
MAAKE EFEMEAKED SIO, FREOFHECEL TV LWL D,
WHAIKE, NEKER ICEREEKEDO Y ) » EFRBCIRDOIBEF D 5.
BBAIK S >SRN ANCE, MREAK S
RERRAKEZEH L HECHEL, SHECEE Y v 5L HKT5 & 204 OBRE

Table 3 Summary of SiO: Content of the Various Limestone

‘ ‘ %:Iianr‘gstone ‘ IS_?lf'rt\estone %x;zfégtl(l);rée Coral

| Maximum ( 27.29 } 24.12 10.33 0.939

{ Minimum (%) 0.37 i 0.27 [ 0.12 0.013
Si0s Aver’lge (”6) 3.24 4 24 1.31 0.148
number of Sample 56 23 21
Stand. Deviation l 4.75 4 99 2.46 0.22

* t0=(—x_7_3—CC)/”°1/(l/Ny) +(1/NC)
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PHEAZCOWTHERCFRATHHOT, REB%.
E1DOHHFBEIVERAKEYBEELBELCSELT, &EfE, BEMETE IR LTEL
HBHEEIXES.

=3 OPBECETRET S L ROBEFCHERIKAE SBEEAKE > ERERIKE >EHEY
VI bUOHRCHESRED DS,

5-2 HEAKEDOH, 74 3i=9n (FeO;+ALO) OEHE LM L5 HE

WREEKEERBERKE, BEEKS, BKEEKEE IOEREAKECTHL, #kk
V7N 3=y a@BROVPHELBERERFEEZTTLRORLIDEI THS.

Table 4 Summary of Fe:03+Al:0s Content

Crystalline Naha Yomitan Machinato

Limestone Limestone Limestone Limestone
Fey0s+Al1:03 Average 0.20+0.14 0.67+0.15 0.54+0.17 0.27
Stand. Deviation 0.33 0.65 0.50 0.10
Number of Sample 23 68 34 4

BB IVOTL I =Y ADEGREOWTZOPHEOERL BN E I DEREL TAL 5 LHE
BIKEEFERAREDZE LS, BPLEREOMCIBEECEETENRDY, B LELHE
LEECHEETENDD. chiiidbhl, BEAKE HA/AKESHEHELKE DR
HOoNHEND S.

KEHRAK G BRI MELCHEL, SRESCEEY VTR LHBTHL, KOKRLOD
FEHThHA.

Table 5 Summary of Fe:03+Al:0; Content of the Various Limestone

Herd i Soft Crystalline

Limestone Limestone Limestone Coral

Maximum 1.79 ' 4.04 1.42 0.199

Minimum 0.10 0.10 0.03 0.019

Fe.03+Al:03 Average (%) 0.48 0.77 0.20 0.056
Number of Sample 58 48 23 21

Stand. Deviation 0.48 0.68 0.33 0.036

x5 DOFPHEDOECOCTRER TS L EAKA SEEAKE >HERERKE > &Yy v
T DIHICH D HENED DN S.

ZOEFZY Y HDEDLLLBE—Thh Ik, 7A i+t oM HBEREK
r=0.65 DIEDOHBEBEIEDH L b b, 8, 70 I+ OEBEN Z ORCHEML TRAL
TWBZERI b5, HifEr v TR AR TOERLEERTWH 2 LORBERRKE R A
RECHBR LTI M %% S i, WERAKENY vV I#xd L8 LTRARMDEA
WEMz TERINLDTH Y, BEEZIRLAAER: Lickdiid U b 0Bk,
TN IFEERDE LICHED X 5 %W a4 G- o B boEE: it - THEE/L LR
WOHEOFRRANE L OIS, ¥ HBPAKEPHEABKECHE LT, 7431 72Y)
WEHLELI LS, MR LEBTFAKEDHERTH D, HIZH—Th B HYr
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5-3 HBEAKEBEDO<I7FvY v A (MgO) AFEBIVREOEVC I Z24EOHEOKRE

WRBCETHR/EEKED Y /2 v 7 5 (MgO) EFEBOVHER X O LOBEREZITKRD
K6DBEHTHA.

Table 6 Summary of MgO Content

Crystalline Naha Yomitan Machinato

Limestone Limestone Limestone Limestone
MgO Average (%) 0.221+0.092 0.333+0.053 0.283+0.065 0.60£0.45
Standard. Deviation 0.20 0.22 0.18 0.24
Number of Sample 23 67 33 4

HEEKE L REFKEOHDO~ /5 v v A GBOFHECIREDHRERIRLS, X
HBEKE LEHERAKEDOHIC ZRIIL\. HFAKE L REAKELIENEY, T
HRBEAKE L EREAKETRENL. TRbDL /53 Y7 sZBCRTRRDIEFH 5.

KEARKE>HBAKE, RiaaKE, SREEKS, L LEBAKEO RIS
DHEKEDENC—PFr <4 FELED DI H Y hbEimzhid Mg0 ERIZI LK
3t

ZORFRIUTH LCBEAKSCHAAKSE LD Mg0 282 nw) 2 2, (ERR
DECHDIFERIFZY Y AN EDL WS HEQL~RFETI LIRS HRL50HKA
KEDERSLEE LONDORIFEFCHKOLH HETHD L EL 5.

REFRRAK G HEE L HECH B UEREREE YV IF L HRTSLKRORTDOED T
b5

Table 7 Summary of MgO content of the Various Limestone

Eiar;(istone I%?gestone Elgnsésatl(l);r;e Coral
Maximum 1.20 0.81 0.87 2.49
Minimum 0.01 0.03 0.03 0.02
Average (%) 0.37 0.28 0.22 0.40
Number of Sample 56 48 23 23
Stand. Deviation 0.48 0.18 0.20 0.77

ZORTOPHECOWTRERZTS &, HELEHELELEOBKIX Mg0 aHFRTER
g, FREEy v I Lot d Mg0 FEOXEIL. BH L BEREOHIZ, BH
BIKESHEBERKELHONLEZRARDOND. ZORRKEAERIKEOMTIE Mg0 &8
DOWTIZERDO S HBEIIADE . HRREKEDHD Dolomite s B AIKE & T E
3% Dolomite B L CikH#EH I L A ST A LOBEABEBTET HDT, HeBDT
FHT 5.

*

Z TR X T Dolomite D ¥ — 7 3T B2 DTHEAIKENSBA L CTREHEYEE L.
Z @ Dolomite {IZ 2\ T TR 5.
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5-4 Vv (POs) OEHRICLDWT
Y NIEY L BIEOEWTEETH D, BRRIZ Y VIRA, VVESEL L THILY T A EH
ALTHELIEHE LTEELRERY T LTW5. W Thh+ v 2 bAR SN KRG K
B ) vREREE, EOLIRLTEINTOUANIHREO L LBERL Y, $THE
BRI B & UTiR0. 05% U Lo ) v (P) OFHIIFE L % £ s [RIKaD R
DY VEILFANBR TS, 22 TRIDISHRERTY VOEGEY LLAMOLHE L O
HFZOWTE LBRTHRTE.

5-4-1 v v D 4 fi dR A

WERAKLD Y v (POs) SEIZF/N.03% & h K. 36%1K L O EDOHMAIRL DO A
F AT T EOIR0.12% X D ECL DR0%EEDTE D, TOSHREHEIERSHT
H5.

30¢

— frequency (%

: -_W_T,I_j_ﬁ
002 004 005 008 010 012 014 016 018 020 022

— P20s5 (%)
Fig. 5. Histogram of P»0s content

5-4-2 HEARKEDY vV (PO, 4HE
AR E S, R, BEAKEL OB LERE L RK T2 L ROEKIDEY THD.

Table 8 Summary of P:0s Content

Crystalline Naha Yomitan Machinato

Limestone ‘ Limestone ; Limestone Limestone
P05 Average (%) 0.033 1 0.081+0.011 1 0.079+0.004 0.052 |
Stand. Deviation 0.024 ; 0.044 0.031 0.019 E
Number of Sample 22 ‘ 65 34 4 ;

£ 8 OFHED T OV THRET S & FHAKE LRBAKED Y v EROFHHICIIET
. BEAKELERERKED ) YEROPHEOMCIBEECHEOELD D, FIH
BRKE L EHEARKEOMC  PHECENDLD. ThbbRORET.

HBEICE, RBARESHERBEARAEY Y 208k, 743 =7 2AREOMHE X<~
FHLTWH5S.

RCHHAKEYHE L H /L, BRESCEE Y v TR LB L THl. ROEKI



WO OK ¥ X E %P LEE EER
L ZNHRT.
Table 9 Summary of P:0s Content of the Various Limestone

Hard Soft Crystalline

Limestone Limestone Limestone Coral
Maximum 0.21 0.36 0.12 0.081
Minimum 0.03 0.04 0.01 0.003
P05 Average (%) 0.067 0.090 0.033 0.020
Number of Sample 56 47 22 23
Stand. Deviation 0.034 0.050 0.24 0.022

RIDOWHE, ME, HBREKELEEYy VY T0) VEEOVPHEOCELRETZLRDLS
RIEFSPR OGNS,

MABKESWEAKE >EREAKSE > & v =

IRHOMIIBRTHENRD DI, ZOBERFIEDY Y ALV, TAri=vrgR
DL 2L A—Th%. ZIIREBRBZ ZNSOMDOHEBEAFREDL 33T 52 TH5.
T OFEE» SRS EBLEAKED ) VEETEEOHK0.05% L b KD TLOFED
FERCIEL LT E VW25, L LERAKEIRTH0. 8% BRE T\ %4 Lo o Ty
b TENREBE LTRRNHERS DL DL E2 5.

5-4-3 &, TAI=vASELYVEOBE
%, 7o 329 n (FeOtALOY & VY (PO kOBFKEKDOM 6 ICRT.

.
0.2F
o o
I . R~
- . .
P20s . .
(%) 3 .
I . . - . .
0.1} ° .
o o000 o e o o . . .
®e 4 ®» o ¢ .
Sonnoe od .
e o * we
o & o LI .
o .
LR e o
’ A L = + - e s Ao
0'00 10 2.0 3.0

—— Fez0a+Al203 (%)
Fig. 6 Relation between FesO3+Al:0s and P:0s in the Ryukyu limestone

Kewhilohns X 5 cHBRMIEOHB? S D ZOMRM r=140.656 TINEREL L D BER
BETHD. ChLy VRS, TAIFRIAY Y AECHE L TES S Ly bE g
T, Y VIIE, TAi=vAtHECFEHLTWAIENEZLDR, &, 74 3I=vsDEHRE
ORI ) v EEULBREDICE > 72b D2, B2 SHFRAPCA DDA & 3hic
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BALTREOREREZ DD,

55 =v# v (Mn) O&ERBRDOWT

<= v v DOREEYE Rhodochrosite (377 F & RA—#ERRCB LHBADOTC I WL L
TEALBRETAYDOFCE LELIERLRD. ZZTR<YHFVYRENEBEEALMOT
R X KBERCH AT LEBN.

55-1 = ¥V #H ¥ D5 ik

BEAKED= VYV EE /M3 ppm X Y EA214ppm TR L LD H O ULzl N
TOLAN /T ARTTHERDTHS.

——

2

™ ]

—=Frequency (%)
—
S

T

10 20 30 40 50 60 70 8 9 100 110 120 130 140 150 160
~ Mn (ppm)

Fig. 7 Histogram of Mn content

R7ci5X5C90ppm AFA%BUEEX EDTEY, TOMABHERKC L > TRET
5 B ERSMRCA.

5-5-2 HHERKAED~ VI VERE
BRAK A IE, 8, WEAKELOHELERELEK T2 L RORI0DEY TH 5.

Table 10 Summary of Mn Content

Crystalline Naha Yomitan Machinato

Limestone Limestone Limestone Limestone
Mn Average (%) 25.90+8.24 60.09+18.01 49.55+14.56 32.75
Stand. Deviation 18.24 74.73 39.10 20.63
Number of Sample 22 67 31 4

10D PIHEC DN TREXIT 5 &, BBAKE L HARIKEORC I PEHEC 2T,
RICHREIE L ERARRE ORI PEECENHD. TihbbROX 5hERLD. B
BARKE, S aKE>fERERRE

RICHBRAKETEE L HECH B LERE L By v T BT 5 L, KOEILO®ED T
»5.
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Table 11 Summary of Mn Content of the Various Limestone

39

I}}izggstone ?gf'ltlestone Egnset:tltl);%e Coral
Maximum 214 180 80 120
Minimum 3 4 5 1
Mn Average (%) 55.28 57.96 25.90 12.82
Number of Sample 58 48 22 24
Stand. Deviation 43.7 40.6 18.24 25.26

ENOFHECEYRETH L, BHE L B HE OB Mn 4 BN THERED b\
B, BHELEERE, SREEEEY Y TS 2« PR HENRDBbNKRDIERF AL 5.
WHEAKE, BEERKE>#EMERKE &y v o

COMEREY Y A, B, TAI=TARY VORELL M UTWA. ZhIKERBRNSE,
Toi=vnatDEBEBEARLTVLLEZLDND.

5-5-3 < VHVEMOITLHE L OBR

<VHY (Mn) &8, 7L 3I=9ALD 100}
ICIZROR 8 IR $ X 5 ICIEDHHEY « fRa - . 5
»H5. - .. .

BRRHIE T=+0.508 TERISREDE o[ . 2 .
RERRICHECHYAEE@»oR T [

5. ZOZLXRBEALY Y AORRLTA ”“~;:{f"- . 2
HORERTLRDONTWBHETE), <7 fode el .
HYDE, TAI=TADWTA &I :ff e s

LBV LialhbEXT, =V F Vil ;3 .
T3 =y AOTRHY L IR RK S ORI 0‘4 R

0 1.0 24
ALTREbDEEZDRD., = VAV E= i ~ +FezOc+ Al %) ’
732y A OHBRRER0. 04 CHBINIEED B

g,

Fig. 8 Relation between FepOs+ AlOq
and Mn in the Ryukyu limestone

5-6 Wi (SO, DEHFERELEOWT

MEETEKPCSBCAFEL, 2y y A LTERPHRARCSRICERTS. HR
FRENRERBE ¥ DX SR UTHBRY Un B k15 5.

5-6-1 FiEEMR (SO @ 4 7 K e

RERGIK S ORmEEE (SO, 283 5&/N0.001% X h K0 1I8% B LU FOSHIIRK I D
AMZ 7 ARRTHEI THS.

RIWRD X ICEED0.04%UTTHD, TOSMEYHERRC L > TRET S &N KIE
HoMHThs.
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> Froquency (9)
8

0.01 0.02 0.03 0.04 0.05
504 (%)

Fig. 9 Histogram of SO4 content

5-6-2 BEAICEOHMBR (SO DEE
RRARKEYHE, HN, PHEAKECrHLERE L MR T2 L RI20EV THS.

Table 12 Summary of SO; Content

Crystailine Naha Yomitan | Machinato

Limestone Limestone | Limestone | Limestone
SO; Average (%) 0.0062+0.0032 | 0.0207+0.006 | 0.016+0.002 0.019+0.005
Stand. Deviation 0.0063 0.024 0.008 0.003
Number of Sample 23 66 36 4

FL2OFHEOEZRTET % L, BBAIKE LFEARKEOMTILPHECEI L, &R
BIKE L EREEKEOHICIIMIONZENRD D, ROIAR LS.

HWEEK S, BERK S, Baalka>8REaRKE

FLBRAK SEZHEELHELCSEL, SRBERKS LBy v THF L KT 5 L RDE
1300 Ch 5.

Table 13 Summary of SOs Content of the Various Limestone

E?r;istons ! Tsfi)gestone %T?:;St%;%e Coral
Maximum 0.203 0.181 0.025 0.88
Minimum 0.002 0.001 0.001 0.43
SOs Average (%) 0.021 0.020 0.0062 0.575
Number of Sample 57 48 23 24
Stand. Deviation 0.028 0.025 0.0063 0.082

FRIBOFHEDOECOVWTRET S &, BELBMEARKLEOMTIZ SO, ABCHEL, K
DIRCHEER G BT HERH 5.

By v I S>BEEAKE, BEAKAESEREEKS

DX 5 RIEREY v TICFE0.57T% L MO BRIKBCHE L TCHEORBEIAEEIhD Z &
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RS D. TOZ LIXERY VIR HELLDWKC L AFELRLEIEIORERKRDOE
MR THEAKADOEFK L OLOFEE» LN BEEKL D BRI KE S EROFELRI,
DX EEE.

Table 14 Average of SO4/Cl ratio

Hard Limesfone | Soft Limestone Eir%setstléige Coral Sea Water
8.45 4.85 13.48 18.95 0.139

TR VY T OBENXHE TR ¥ Aragonite THETWRZ &R, EF AT ER
ALY AOBERPOKREA LYY AR TAT D L ZTHEER OfFEN Aragonite <
HORHBTHLOEREREG) L & LBIE L THKRE:, L THEBBRIREREKATNT
0. 2%BERET LTS Z kid, ARKEYZEBKTHEN LICEREBRIZ L VEHIR WL
W ERBEEN L ENOEZ TAMARE LT LE> ez e 23F 2 b 5.

5~7 HEEOEGHRERLOWT

e v T ORI (SO) DEENRERCZVCOIEKED B LEZDNRDIDTE
hWoZRHAT I DEESEY AN,

5-7-1 HEREBOSMIKE

HRERAPCE DY E S BT 5/ 0. 0005%20 5K 0. 095% 1 38 XL O D45 kK100 & A b
77 ARTERYTHS.
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Fig. 10 Histogram of Cl content

i3 X 512 0.014% 0 F2390% % 58 0.02~0.10% & KZ7cd Db HHAZ LR
DR THKC L AFELENRELLND, FOLTHIHERC L > TRET S EWRERS
MTH5.

5-7-2 FREAKEDHREGER

RERAKEYHE, 78, BERKAELPBP L TERERK S L KK T5% L ROEISOED
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CTha.
Table 15 Summary of Cl content
Crystalline Naha Yomitan Machinato
Limestone Limestone Limestone Limestone
Cl Average (%) 0.002+0.0015 | 0.0035+0.0009 | 0.0014+0.001 | 0.0029+0.0019
Stand, Deviation 0.003 0.0035 0.0025 0.0012
Number of sample 23 64 64 4

RIGOFPHEDOELZRET 5 L, HBELHA/AOMCIMO21HERD D, BB LFHMEL
LHENRDD. TNLIIKRDIEL 5.

HAEKESERICE > RERIKE

KRCHRAKEEEE L WE LA E L THEREREREYy v T5 2 WKT 5 2 R16DWY T
5.

Table 16 Summary of Cl content of the Various Limestone

Hard Soft Crystalline

Limestoue Limestone Limestone Coral
Maximum 0.095 0.0893 0.0139 0.080
Minimum 0.0005 0.0009 0.0002 0.0117
Cl Average 0.0058 0.0112 0. 0022 0.037
Number of Sample 56 49 23 24
Stand, Deviatin 0.0139 0.019 0.003 0.016

FHIDFEHEDOZELC DN THRERXTH L, KOIECHELHENADLNS.

By v T >RBERKE >BERKESERERKS

CHIREEYY Y TRBEL VRAEIA TS FEE o ThRWDE K L AHERC LD T
LITHLATHD, FBERBECEKTUIGO 2 R RMYR S e REOME L DO
MIHDORAILESEZ BIA.

5-7-3 e X HREER & OBIR

HEAOK ARSI OHBERIKERE F LD THERIHBR L oOBRYBREL T2 % &, M
BRI r=0.159 L2 ) Z DHITKREDOFHE R EEMII /v, X o THEIZ X bR,

5-8 FbrYwa (Na) oaBFRERCDONT
HIKEOEFEERREIBRKCI23D0RELELONIDOTHKL OBENLF MY v o %k
L iaNre

5-8-1 + bV v A S EHEOHAINEE

WMERAKEDF b V) v a2a58 BT/, 001%0 H K0, 095%1C 3 X O D4k K110 &
AP FARTFEITEYTHS.
R % & 510.029% LA T 2390% L0 E% 55 Tk h FOA MR RIER S i FL-.
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Fig. 11 Histogram of Na content

5-8-2 HMWEKEDF Vv AaHE

BRRAKEGYRBEAKS, HAEK:E, BEEKACSHELEREEREL KBTS L KkO
RITOBH TH 5.

Table 17 Summary of Na Content

Crystalline Naha Yomitan Machinato
Limestone Limestohe Limestone Limostone
Na Average (%) 0.0083+0.0017 | 0.0137+0.0022 | 0.010£0.003 0.014£0.005
Stand, Devition 0.0034 0.0087 0.0087 0.0025
Number of Sample 23 65 34 4

RITOFHEOEXRET S L, BERKAIELAK AL D Na XS\, BABKELE
REAKEOMIIZZER L. TRbDLROEF D 5.

RBERIKE>HRARKE, HHERKE

KRCHRREK G BEHA L AL E L THERECERE Yy v T L HIRT 5 L RORI8DE D
Ths.

Table 18 Summary of Na Content of the Various Limestoue

Hard Soft Crystalline

n Limestone Limestone Limestone Coral
Maximum 0.050 0.095 0.017 0. 440
Minimum 0.002 0.001 0.003 0.194
Na Average (%) 0.0054 0.147 0. 0083 0.331
Number of Sample 52 49 23 24
Stand, Deviation 0.0125 0.014 0.0034 0.063

RIBDFGEDH «DEZRET 5 &, BHLEREOMKIL Na S FBCHELZRL, K
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DD HDITITRD X 5 7eENDH 5.
B v I SORERKE>SBEAKE, BREAKE
COFEATEROFREL 2 AL L) REATRCBRSEHR L 7 b U v 2 OB bA&K
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Fig. 12 Relation between Cl and Na in the Ryukyu limestones

ZOMBIRENT r=+40.69 TZNIREDEREFECHETHREZR DB L\ 2 5. il
FOWRPOOEBTCREOH TCTRERALTWASZ R TETLOTHS.

5-0-1 & o fl &
BRERELICEDHEEDO—2D 7 7 7 2 — % W5 b HEYHEE L. MEHBIRE
EVERAWRE3C OEBRRETKZEEL LT, BRRCOWTHE L. HE LEE
BEINTTT.

5-9-2 REAKEDOHEDFLE

RRAICEZ B, W8, PR BLERERK AL T 5 L R0DOBEN ThD. #
mE L HFEICEDOREOFHERIREDHEREVRD DN, FLHEALIKE L XBAKD
BT e, Thbb i boMRIIKETET L S RIEER D 5.

HRERKE>BERKAS>SHBAKS, BEAKS
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Table 19 Specific gravity of Ryukyu Limestone (Temp. 30°C)

45

No. Specific gravity No. Specific gravity No. Specific gravity
1-1 2.6399 20-3 2.6047 38-2 2.6451
1-2 2.6605 21-1 2.6147 46-2 2.5541
21 2.6483 21-2 2.5574 48-1 2.6404
3-1 2.6616 21-3 2.5668 48-2 2.6002
3-2 2.6620 21-4 2.6556 8-1 2.6667
3-3 2.6293 21-5 2.6185 8-2 2.6202
34 2.6305 21-6 2.6381 8-3 2.5993
3-5 2.6304 21-7 2.6685 9-1 2.5556
4-1 2.5711 24-1 2.6442 9-2 2.6291
4-2 2.6250 24-2 2.5496 10-1 2.6231
4-3 2.6241 24-3 2.4753 10-2 2.6493
6-1 2.6436 25-1 2.5855 10-3 2.4114
6-2 2.6444 25-2 2.6443 11-1 2.6293
6-3 2.6472 25-3 2.4744 11-2 2.6104
6-4 2.6380 26-1 2.5472 12-1 2.6217
7-1 2.5767 26-2 2.6625 13-1 2.6144
7-2 2.6321 26-3 2.6378 141 2.6148
7-3 2.6387 27-2 2.6450 14-2 2.5877
7-4 2.6242 27-3 2.6274 15-1 2.6151
16-1 2. 5745 34-1 2.6280 15-2 2.6058
16-2 2.6107 34-2 2.6580 30-1 2.6869
16-3 2.5475 34-3 2.6277 30-2 2.6475
16-4 2.6179 344 2.6505 31-1 2.6026
17-1 2.6476 35-1 2.6722 31-2 2.6631
17-2 2.5223 35-2 2.6852 31-3 2.3507
17-3 2.6735 35-3 2.6410 32-1 2.5247
17-4 2.6521 354 2.6375 32-2 2.6205
17-5 2.5556 36-1 2.6575 33-1 2.6111
18-1 2.5783 36-2 2.6347 33-2 2.6298
18-2 2.6100 36-3 2.6481 44-1 2.6509
18-3 2.6673 37-1 2.6231 44-2 2.5847
20-1 2.6402 37-2 2.6651 44-3 2.6456
20-2 2.6424 37-3 2.6689 45-1 2.6238
45-2 2.6558 42-3 2. 6562 55-1 2.6536
46-1 2.6168 42-4 2.6658 55-2 2.6624
47-1 2.6249 43-1 2.6821 55-3 2.6069
47-2 2.6202 43-2 2.6818 56-1 2.6874
40-1 2.5478 50-1 2.6393 56-2 2. 6560
40-2 2.6544 50-2 2.6304 56-3 2.6822
41-1 2.6617 50-3 2.5961 5-1 2.6665
41-2 2. 6558 50-4 2. 6609 5-2 2.6278
41-3 2.6698 53-1 2.6699 5-3 2.6370
42-1 2. 6604 54-1 2.6511 5-4 2.6206
42-2 2. 6804 54-2 2.6829
S-1 2.695 S-9 2.7952 S-17 2.7541
S-2 2.6893 S-10 2.7539 5=18 2.7084
S-3 2.6877 S-11 2.7612 S$-19 2.7629
S-4 2. 6355 S-12 2.7645 S-20 2. 9629
S=h 2.7539 $-13 2,7643 S-21 2.7799
S-6 2.7091 S-14 2.7752 S-22 2.7070
S-7 2.7678 S-15 2.7969 923 2. 8022
S-8 2.7859 S-16 2.7509 S-24 2.6909
Table 20 Summary of Specific gravity
Crystalline Naha Yomitan Machinato
Limestone Limestone Limestone Limestone
Sp. gr. Average 2.6581 2.6233 2.6044 2.6379
Stand. Deviation 0.029 0.044 0.060 0. 007
Number of Sample 24 70 RY1 4
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Table 21 Summary of Specific gravity of the Various Limestone

| Ilfiar;(istone %‘?glestone %{gfé;ﬁé;@e Coral .
Maximum 2.6852 2.6869 2.6874 2. 8022
Minimum 2.4114 2. 3507 2.5478 2.6355
Sp. gr. Avevage 2.6254 2.6063 2.6581 2.7410
Number of Sample 58 49 24 24
Stand. Deviation 0.045 0.056 0.029 0.042

FE2ANDOFEHEC DG THEAKEDOREDOELXRET D &, & v 7 L EHE L O
O HERS D, TE BEOMCLEEYRDHD. TihbbROBR LS.

W v 7 >R EAKE >BEAK S >BEAIK S

TR ETEY Y T OKE 0 Aragonite FEE LR TS TH D, BYHEABMEL D
INECDITER KRGS HOMOAMANL DL EFN T Db eELbRb.
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REAIKETHEDOLDIEELMN F 2 — 7 ORELR LT MM E DR TW 5.
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MEAKHEDA v ¥ 25DV EE LA 2 g #BETT125°C T4RMERL, Zhic
ATT Y VEERETDRYEVERY 30cc Nz 18RS D FERTS D T EHE 24 FERER K
FICREL, A7 7)) vEBAYREE LOBROSEEBCHTEHY 28 L EER DS 10cc L
HYHL70~75"C T3FHHMBEN VvV HHRERIRAT 7Y VBOREEXZHEL, KOBET
BMEARCHK > T va DEZRDOHEEHEHEEZRDZIAILDRTREEXTOEYFE L. B),
BETHER
c 1 k—1 ©
v(ce=c)  Vuk * Tk g
c: WMERNEE (g/D ¢ WAEHERMEE (@/D
v:® #F B @ Va @ MO THRER (g/8)
k: BABECET5EMR
Ve 2RD B L RORNLEREST 1 HARACHDDHHBET 5 L RAEABLND.

w=oNV./M o 15T 05D HRERE (20.542

N:7F£7Fe M:BREHFFOLTE

Se:lh & M O

ORER RORDOMTEARDONS.  d=—b— &1 B F

p 1 H Ik &
6 B RKETHS.
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FLFROWPTEHERERDOER2CTRT.
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Table 22 Particle size of the Ryukyu Limestone

Soft Limestone Hard Limestone
Specific . : Specific : :

No. Surface area Particle size No. Surface area Particle size

(m?/g) () (m2/g) (»)
14-1 2.23 1.0 26-2 1.29 1.6
20-3 1.69 1.3 30-2 0.98 2.3
21-=5 1.38 1.6 36-2 0.98 2:3
25-1 2.33 0.9 40-1 0.69 3.4
25-2 1.60 1.4 P 9 4
30-1 1.24 1.8
32-1 1.64 1.4
48-2 1.64 1.4
M-1 2.86 0.8
Average 1.29

EICRB XS CHERKESDORTRIZEARL 8¢, TEHR/AN.8u, FEi1.22 BETHD. Zh
FEEAKAEZHFELTI0A vy Y2 DS EBLICH DL KT D L2 40T Z DI
FHOEVRADON, WELPEBCHEAELLLDOL D L) frVRITTHETHS Z L2ARED
DIURERH 5.

6 BiERERIKEOIIHER

RERAKEBEDTIRSIRBE ALY YA THY, REHINL YT AL Calcite (51 FH),
Aragonite (H) B X O Verterite D=2D&ERRZ1H 5.

W v TIZKES Aragonite THR TR Y Z 0w v NS AR INCHERAKAT L h
721 Aragonite BABEIN TV IOINBUIE > TRV OLELZ LLARLDL KA HD, T2
@ Aragonite 225 XDk 5 IBRET Calcite RE(LLTH WS 2 L b Bk b HRET
H5b.

6-1 FRERAK SO XEFREFI X 5 B4

HRELGKEOEEY LLAD DL, BEAKSE, MHEGKYS faBEARKE, &y v
TEBAICONT XM T LOER . TOMBEMELKE L RRAKERZIT Calcite #E
Td b Aragonite #EIX Dolomite # & A KRN —EREAD bNIIET T, briz@E DR
Mot

O LREBHROBEETBRVCTHBREKENERERDPDLELTIRLALKEELL
Calcite R b ot Z X TTLDTHS.

R EHEY v T AT Aragonite BB IZA DD LD Calcite ¥ &L DHRKRLHTH
H03—ER Aragonite i Calcite 2R UEI&IR &~ o b O2h 5. RI& X Bl 7 XiE
¥R

K130 R BI21-5 HABRRE OB EDORIKETY Y #%16.89% b & A TV 5 IHIC Quartz
DE—-27HB5N AL Calcite BETHH. FR3I-TALWIRB I HERE LKA
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Fig. 13 X-ray diffraction patterns of coral and limestone
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68. 3% BIR B EILBEAR3]. T%IR4A L1z b O T Calcite & Aragonite DO — 7 %
R2H0RTHS. S-2 & S24 M A OWMEL V RES NI KW I TH
h, S=27% CaO #50.44%, MgO % 2.31%, S-24%% CaO % 49.87%, MgO % 2.49% & A T
W5, XBEHRRTHLAO X S boRBHL Calcite & Aragonite DR THEK T
D Calcite 1268% & D d KE XWX 5 TH%B, £ LT Calcite Dfifhd ¥ — 7 3 KI21-5
% 31-7TA © Calcite D —7 L D EHH 20 OREVWHEFThTWw5. ZoZ ik K E.
Chave QT X h HF3E &tz Z & T, Mg 2° Calcite CEBEMHEHDOHTAB LEREBAZ LT, =
DZENPBHS2RS24D X 57t Mg #%4 < GAKEREY v 21X Magnesian Calcite &
Aragonite B EOT T LHRTWEDZ L2vb2%. ZOX 5 KEEY v TRIZ< 7 XY T 4
wIZ L ALEET Aragonite EEX LI D L, =7/ Fx v v A %% B &% Magnesian
Calcite & Aragonite D RERED HHE 2 0EER DY, BRERAK B < 7 2v 7 2034
BNz L B LTHKRDDDOTHS.

BEAKAECEE, 7o 3=y s0EBENMBALTWS X5 THEINXMTLLAESR
Quartz D — 27 XADOLNDIBHLFHDOC — 7 XD B o 1.

7 HiEEO FOo=4 MMIoWT

Fe<4 MIGERESEFEOMAMEL I Fe<, s 77 A2—2 LTOFEAROLT, £
DIffENACEE D FOBERBENED LN TV .00 FE L MBOAKEDOFAES, FHBRAKSE
DHIEFr<A +OFENRLLORDHHZ LEROT . v THEIDAERINCHRRAKS
DL ibONEEND LW BRIBKOSHLHETHLDTIFr<S  DEL FER
IO ZORER OV TER L, 2V CRIMREFHE LOELAESC N TIEMC X - T
RENcFe<q MMELORBROWTHET 5.

7-1 WREATEE F =<4 b

WHED F BT FMOEL RO S ATER L OKBEHHEC 2T THEOBEWCHERAKAEDEH L
BRI LCHEIi > Twa. ZOERIATECHERETHRES L LT 7 ADEEY
ToTWwa. CORAHBCITINCIKBOACRTALABKAY RS L HRIECHEOF
ABTRIHACERBEOILAERZ L 84, BRBCBEVWAKEYETS. 20X 5kboOr
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Fig. 14 Dolomite stone in Naha limestone at Akamichi
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2V ARIOBBEESL N e <A b OS5 LR RAOT. TOEMORRE XCKEASY
WO D BAMORI L K14 7R7.

REFr <4 P REUAKEDMBER DV THOTEREY R RT. RKIZ SO, &L AK
HOME OFFRERT DT ALEDBKAEDLSHHES = Lic.

Table 23 Major and minor Components of the Akamichi dolomite Stone

SiOg Feaos Ales MgO Cal PzOs SOq Mn :

No. 4+ "a) )| (%) (o) )l ()| (%) (ppm)|  CoOlor Location
37-1 3.38 0.21 0.09 9.98 | 41.45 | 0.041 | 0.012 19 White YhREE BT
37-2 2.49 0.24 0.10 9.77 | 41.81 | 0.039 | 0.203 33 Dark Gray | PhfEE B A
37-4 3.20 0.31 0.15 ! 6.75 | 45.22 | 0.101 | 0.282 Dark Gray | RESE R4 008
37-5 4.79 0.26 0.22 | 5.16 | 46.13 | 0.014 | 0.164 Gray, ;‘,’;‘fm PR ZE BLAS A
376 2.83 0.23 0.13 | 11.88 | 39.59 | 0.056 | 0.190 Dark Gray | (ks B 4084
377 2.60 0.39 0.13 | 10.88 | 40.76 | 0.093 | 0.191 Dark gray 1 Tl 2 A B
36—4 ! 2.08 0.31 0.15 0.56 | 53.31 | 0.096 | 0.114 Dark Gray | {#E3%E B F0fE
36-56 15.37 0.53 0.61 0.37 | 44.66 | 0.036 | 0.022 White YHEE B AT E
36-6 | 11.57 0.51 0.33 0.68 | 47.94 | 0.033 | 0.023 White,ﬁ:éfvn P 2 LA afE
36-7 1.98 0.04 | 0.11 0.49 | 53.74 | 0.077 | 0.139 Dark Gray | {#E= 241k
36-8-A| 1.77 0.37 015 0.37 | 53.66 | 0.066 | 0.043 White ThEEZE BLRITE
36-8-B| 1.79 0.04 0.06 0.68 | 53.57 | 0.071 | 0.177 Dark Gray | {#h#E3E B AH7E
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Fig. 15 Comparison of two X-ray dliffraction patterns of dolomite
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FENBLHD LI~ 73y A4HFREE MgO & LTIO%ATEISIEN Mg0 &8 EY
RL, Tl Fe<g b 2idELE-.

RICREED LOAND DO XREHREZ 2L o, chzIRT. RCisZoicdic
RS e LTHIROBTE e~ PEB R LI

COXMRC L o THLIRE ICBERCR LEBETE R~ O — 7 LREE N <
ArDE—=273I—HKLTEY, WAHEOLDOD Fr~A FEEEZKLLTWEZ LB L
ThaA, BROSHDZ LIXTOE— 7 2NERER L KK L TEIREL, FEERIIRD
nicwe—23hbbEFA2.80ED L Z A Calcite T X o THERA DL BEIIhSE—
IO BIEL LTHHZERRONLZETHD. ZhEZORBOI LY v AEFHEN
Ca0 & LT41.8%bHhnH b Calcite CX B3 DTHAH ) LEZ LN HNESIBAL TF
nTw5Z &2 b Dolomite B % & 3k Magnesian Calcite #E D — o FELTE D,
Magnesian Calcite 7> % Dolomite ~DOBEDOERF OB G & $E 2 BNED, BEAKSD
I3y VI LERINCARECHCZ OMIRCZ DX 5 BBSENRbND & LITHE
RN S I FRNC S IEFCHROH LMEL E 2 5.

RCHEKDH D Z 1%, ZOHIRDOEMAY /s UTEH LeRKAEDOHIER 1 XK &8/
L, ABREHCKBEOAYE L2 RAbN52, Zhik Ve~ r2EHZ & L3
Ao R T L D CHBBEO SRR LTS L THD. TbbRAMDOHED
BRI (% 7 Lo R RER IR & 230, 01%~0. 04% B E THERAICE ORMEBR &' O
PHETEMETH 528, KBEDOIBSHIL0.11%~0.28% & BRECFH L F10f53 L OB\ MER
RLTWS. 20X RKEOORKE LMBHEOBER, mBERLE > LTz ofRp i
I hehy, R XHRITHT Calcite D — 7 BMBEL 7o TR DO DBEENEI D &
ol dDHDh, BHEMATSREL TR VWD DOBERDOKRKEZIDILDNELL D
BkH oMELZRA TRV SBRIDICHELZE T SMETHS.

7-2 WHAEEBE KR <A b

VL EE B OFEILFES4. SO EIe b % 33.0007 — i3 ¥ D/NE TEIIL 170KIE £ D
W23 D Sz is\s. BORRI DL NEHI DK 168 kOKER DD, BEFT L I
W10 KD T EFHEHTHIURDD, TR LALHEREOEERDAKEL Fr <1
THETW3: BOMEE L TIR1963F/NEMIC X - THRENLEN, TOLEFRrR <A b
SIRDOHFEENRER I NI,

FEETIAEIR O Ve <A FMEROFEEEZTVWRBOSME LicOTEE LTEDMAL
KDOWTHRRD. ELAEEDOFEERED 2 5
v & R IRR O 2 O LIS SV A K S &
THNREFr <L MIROMHHT, KREELT E
EBIXUVEDEWRD 71V 7 DI F e <4
FERETS. L LKEDO—HTHHED A
VHFRICIIEREAKENRDR Fr <A b
BERELARW. SEIZEL LTREORKIT
DTN S, EMORIIEIRIGCTT X 5
CIWEECre <4 b AEH LTV 5. Fig. 16 Tonakijima Dolomite at Otake
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KEEVFe <4 FORMIBUOINHERCTRTEY Th 5.

Table 24 Components of Tonaki Jima Dolomite

No. | S Tl | MGa | 0 | M | T | Location
T- 2 0.57 0.13 0.15 34.05 17.89 0.047 | BRHHEKEDOE
T- 4 0.83 0.08 0.07 34.05 17.89 0.30 BLAEREDTE
T- 8 0.84 0.13 0.02 35.85 16.57 0.061 | BAEKREOH
T-9 0.08 0.06 0.07 34.57 17.67 0.048 | BHEARFEOH
T-10 0.26 0.05 0.05 34.83 17.67 BAEREOH
T-11 0.12 0.08 0.04 40.26 15.34 0.113 | EEEAEOH
| T-12 0.97 0.12 0.05 41.90 13.64 0.031 | BLAEAEOK

IR LI HiE M0 13, 6~17.8%BETHAL Y Y 2 X3P LEWI 5 THBH, S
DB 7 EHICIINBBEDO O AN, V vOSHED K TERMCIIFESFIRIMMAELE
<, BREOVZVWIHEC L > TERTRASEVWFAHTREERERER L Wbl bizw .
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