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Geochemical Study of the Sagara Limestone, Shizuoka Prefecture, Central Japan

Tadashi Fuyinuki, Takeo Okano and Toshio IcarasHI

Abstract

The Sagara Limestone crops out in Sagara-machi about 20 km north of Omaezaki,
Shizuoka Prefecture, Central Japan. There are two limestone blocks across the Sagara-Kanaya
road. The Megami-block (southwest side) is relatively larger than the Ogami-block (northeast
side) which is about 800 m apart from the Megami-block. The both limestone blocks occur in
lenticular to massive shape within mudstone and sandstone of the Miocene age along the
Megami anticlinal axis running from northeast to southwest in this area.

Twenty-one samples were collected at 20 places in the Megami-block, and 19 samples at
17 places in the Ogami-block. All samples were chemically analyzed for major and minor
elements, and their mineral compositions have been determined by X-ray diffractometry.
Furthermore, the constituent minerals of the acid insoluble residues in some selected samples
were identified and analyzed mechanically.

The results are summarized as follows:

(1) The Sagara Limestone consists mainly of low-Mg calcite and protodolomite. Protodolomite
was detected from 7 samples in the Megami-block, and 14 samples in the Ogami-block. It is
presumed that the composition of protodolomite is Cag 56 Mgy 44 COs.

(2) The insoluble residues treated with diluted acetic acid are composed chiefly of quartz,
feldspars, montmorillonite, and protodolomite. Pyrite and apatite are also féund in small
quantity in the insoluble residues.

(3) Mechanical analysis for the acid insoluble residues shows that the average values of grain
size under silt are 11 in the Megami-block and 14.5¢ in the Ogami-block, respectively.

(4) The average contents of chemical elements for the both blocks are as follows:

Ca0% MgO09% Fe,0;% ALO3% I.R.% Srppm Bappm Mnppm Zn ppm
Megami  52.84 1.71 0.08 0.12 1.16 1746 82 70 5.2
Ogami 50.81 2.62 0.18 031 245 1078 79 93 6.7
Cuppm Nappm Kppm P,0;%
0.7 132 180 0.039
0.9 178 348 0.045

(5) Non-carbonate fractions of the Megami and Ogami-blocks are 2.0 and 3.7 percent on an
average, respectively, the Ogami-block contains twice as much impurity as the Megami-
block.

(6) The Sagara Limestone is rich in strontium and barium contents. In the Megami-block,
there is a significant relationship between both elements and non-carbonate fraction charac-

teristically, on the contrary, there is no significant relationship among them in the Ogami-
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block. These facts infer that the state of both elements in two limestone blocks are different.

(7)  Judging from several facts mentioned above, it suggests that the Megami and Ogami blocks

deposited in different environment, that is, the Megami-block was biostromal and the

Ogami-block was biohermal.
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Fig. 1 Geological Map of Makinohara District.  Compiled by Kats, Y. (1968)
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Table 1

Stratigraphy of the Makinohara District.
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Fig. 2 Locality Map.
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Table 2 Comparison of d-values for Dolomite
and Protodolomites.
Protodolomite

Dolomite

Sagara-20 Sagara-29 hkl
dA I/1, dA I/1, dA 1/1,
4.025 3 101
3.690 5| 3.712 6| 3.706 5| 012
2.886 | 100 | 2.904 | 100 | 2.900 | 100 | 104
2.670 9| 2.696 2.693 91| 006
2. 540 81 2.554 51 2.554 5| 015
2.405 10 | 2.415 8| 2.415 91 110
2.192 30 | 2.205 19| 2.203 17| 118
2.066 5 021
2.015 15| 2.023 12 | 2.024 10| 202
1.848 5| 1.857 5 024
1. 804 20| 1.819 14| 1.819 11| 018
1.786 1.799 116
1781 | 30| 1706 | 15| L797T| 14| g9
1.567 8| 1.572 211
1.545 10 | 1.552 5 122

Dolomite (Cag. 514 Mgo. 488 Feo. 008)COs: Howie and Broapn-
HURsT (1958).
Protodolomite Sagara-20 (Cao. se Mgo. 24) COsg
-29 (Cag. 55 Mgo. 45) CO;:this paper.
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X-ray Diffraction Patterns of Protodolomite.
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Fig. 4 Relation between d(104) and CaCO; Content in Dolomite.
Table 3 Mineral Composition of Insoluble Residues treated with Dilute Acetic Acid.
Sample No. Quartz Feldspar Montmorillonite ~ Apatite Pyrite Protodolomite
Sagara- 1 +++++ + +
v -4 ++ + +++
v -6 ++ +++ + +++4++
no=1 ++ + +
» -13 +++ ++ + +-++
» -18a +++ + ++ +
v =20 + +++++
v =21 ++++ ++
n =23 +++ + ++ +
v =24 + + +++
v =26 ++ + ++++ + +
v =27 ++ ++ +++
v -33 + + + ++++
» -36a ++ + ++ + ++
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SMRBRME) Btk oTRRZ LD LEDNS,
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Table 4 Chemical Analyses of Sagara Limestone.

il i A
Sagara- | 50.64 1.58 0.19 0.15 4.26 95 4,880 144 9.4 2.3 230 360 0.028
noo=2 53.39 0.72 0.14 0.13 1.09 64 1,700 80 13.5 0.7 125 200 0.050

v -3 54.35 0.69 0.07 0.14 0.64 64 820 54 4.2 0.0 95 150 0.027

v -4 51.74 2.37 0.15 0.27 1.88 70 2,120 112 9.0 0.4 175 350 0.036

v -5 53.80 0.83 0.08 0.14 0.74 87 1,880 78 2.5 0.0 135 135 0.049

v -6 45.27 8.31 0.10 0.13 1.00 92 1,600 133 4.2 0.5 180 250 0.054

v =7 54.83 0.54 0.04 0.08 0.48 66 920 66 5.5 1.1 115 150 0.120

v -8 54.15 0.60 0.05 0.11 0.65 82 730 38 6.0 0.7 85 180 0.064

v -9 54.63 0.62 0.03 0.04 0.26 58 890 45 7.7 0.2 95 95  0.036

»  -10 54.49 0.50 0.05 0.08 0.45 73 950 50 13.0 0.2 8 175 0.064

v -11 54.63 0.54 0.05 0.09 0.23 62 980 51 4.7 0.0 90 70 0.012

v =12 54.35 0.86 0.03 0.08 0.34 48 1,660 64 2.1 0.0 125 105 0.018

»  -13 51.26 3.12 0.08 0.16 1.31 43 1,840 80 6.0 1.5 135 275 0.031

n  -14 54.49 0.68 0.02 0.09 0.30 71 1,400 60 .0 1.2 90 70 0.024

v =15 54.76 0.60 0.02 0.06 0.24 90 1,340 61 2.5 0.0 95 75 0.016

v -16 54.76 0.63 0.04 0.06 0.33 53 2,140 9% 2.8 0.4 95 75 0.015

v =17 54.35 0.59 0.04 0.07 1.32 53 2,600 116 4.3 0.8 100 105 0.024

» -18a 53.32 0.8 0.11 0.20 1.87 52 2,720 103 3.1 1.8 190 250 0.036

# -18b 52.84 0.8 0.13 0.27 2.20 55 2,790 107 3.3 0.2 180 295 0.038

v =19 53.53 0.96 0.25 0.12 1.63 120 1,760 109 1.6 1.8 150 205 0.044

» =20 44.03 9.50 0.10 0.10 0.93 64 950 86 2.5 0.5 208 200 0.024

v =21 48.16 4.25 0.29 0.43 3.28 112 1,050 87 13.5 2.0 222 540 0.050

v =22 52.98 0.8 0.16 0.22 2.28 78 950 54 6.4 1.2 140 340 0.041

v =23 52.29 1.02 0.33 0.71 3.66 95 1,220 76 7.3 0.7 158 564 0.064

v =24 52.15 2.57 0.09 0.19 0.96 83 1,270 69 2.9 0.6 160 147 0.031

v =25 52.08 0.96 0.20 0.22 3.8 57 1,410 72 4.1 1.5 150 176 0.047

v =26 52.70 0.96 0.17 0.24 2.38 72 1,260 129 9.0 1.5 146 284 0.054

v =27 52.15 0.8 0.19 0.24 3.00 67 960 69 6.5 0.8 148 322 0.047

v -28 52.29 1.43 0.19 0.28 2.29 94 1,170 78 5.5 3.8 142 251 0.066

v =29 44.03 8.41 0.14 0.30 2.31 127 810 65 4.2 0.6 180 340 0.043

» =30 49.81 3.56 0.16 0.3¢ 2.08 131 830 74 6.0 0.5 266 500 0.044

v =31 52.15 1.43 0.15 0.26 2.18 88 1,000 64 4.2 0.2 169 310 0.029

v =32 45.55 7.02 0.18 0.36 2.74 102 1,020 8 13.9 0.0 256 366 0.036

» -33 50.22 3.17 0.15 0.23 1.48 78 910 60 5.0 1.0 159 317 0.038

v =34 52.47 1.94 0.12 0.19 1.64 67 1,010 69 4.7 0.8 127 220 0.038

» =35 53.78 1.50 0.04 0.07 0.37 36 1,540 49 2.1 0.0 188 82 0.014

v -36a 49.93 2.33 0.33 0.49 4.82 113 1,160 132 10.8 0.2 202 628 0.075

» -36Db 49.93 2.99 0.22 0.44 3.35 146 570 75 8.6 1.0 180 544 0.036

n -37a 51.62 1.99 0.17 0.35 2.38 117 910 105 8.6 0.4 168 398 0.052

» -37b 51.47 2.44 0.10 0.25 1.52 95 1,430 93 4.7 1.2 217 290 0.046
Av. of Megami 52.84 1.71 0.08 0.12 1.16 70 1,746 82 5.2 0.7 132 180 0.039
»  Ogami 50.81 2.62 0.18 0.31 2.45 93 1,078 79 6.7 0.9 178 348 0.045
» Sagara Ls. 51.88 2.15 0.13 0.21 1.73 81 1,428 81 5.9 0.8 154 260 0.042
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Table 5 Strontium Content (ppm) in Carbonate
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Torinosu limestone low Mg calcite
Kuzuu limestone ”

#  dolomite dolomite
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| Sesava 8¢ 20~LAB T o) pEELTS R b et MRCHET DL, kb
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Akiyoshi 32 99~ 449 178 SEBEEDECERT 5 L Ebh 3 laR, BekT
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Table 6 Barium and Strontium Contents in Various Calcareous Substances.
Class Specimen Mineral Composition Locality Ba(ppm) Sr (ppm)

Cephalopods Babylonia sp. aragonite Futtsu (Chiba) 0 1,650

Tonna sp. ” " 0 1,200

- Pelecypods Anadara sp. ” ” 0 1,140

” (fossil) ” Nakaumi (Shimane) 0 1,220
Dosinia sp. ” Izu (Shizuoka) 0 6,700
” (fossil) " Nakaumi (Shimane) 2 1, 560
” (») ” ” 41 1,600
Coral Goniastrea sp. ” Kikai-jima (Kagoshima) 2 8,450
Dendrophyllia sp. ” Shirahama (Wakayama) 0 7,750
” (fossil) ” Tateyama (Chiba) 52 1,100
Calcareous Halymeda sp. ” Amamiohshima (Kagoshima) 15 7,400
algae Lithophyllum sp. high Mg calcite Iwaizaki (Miyagi) 0 2,800
Joculator sp. ” Onjuku (Chiba) 0 1,760
Carbonate Ryukyu limestone arag., high Mg cal.,, Kikai-jima(Kagoshima)(n=31) 18
rocks protodol.,Jow Mg cal.

Souma (Fukushima) (n=46) 70
Kuzuu(Tochigi) (n=43)
” (n = 33) 7
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Table 7 Correlation Coefficients among the Elements in the Sagara Limestone.

Mg Fe Al LR. Mn Sr Ba Zn Na K P

P —0.13 —0.09 —0.19 —0.18 —0.16 —0.49 —0.42 0.22 —0.36 —0.01

K 0.33 0.83 0.80 0.83 0.19 0.57 0.65 0.37 0.79 0.57
Na 0. 56 0.69 0.61 0.78 0.16 0.42 0.77 —0.01 0.41 —0.07
Zn —0.12 0.20 0.11 0.23 0.03 0.09 —0.02 0.44 0.68 0.43
Ba 0.36 0.66 0.48 0.77 0.24 0.79 0.60 0.19 0.43 0.66
Sr —0.08 0.52 0.44 0.88 0.08 0.11 —0.28 —0.10 —0.52 0.01
Mn 0.09 0.52 —0.04 0.24 —0.69 0.30 0.46 0.49 0.75 0.33
LR. 0.09 0.75 0.86 0.39 —0.20 0.49 0.60 0.07 0.71 0.71
Al 0.10 0.58 0.71 0.62 —0.27 0.38 0.58 0.25 0.87 0.63
Fe 0.15 0. 66 0.69 0.32 —0.15 0.35 0.50 0.07 0.62 0.58
Mg —0.03 0.13 —0.01 0.53 —0.39 —0.01 0.30 0.57 0.20 —0.14

upper: Megami
lower: Ogami

Table 8 Decomposition Ratio of Some Clay Minerals by Hydrochloric-Perchloric Acid.

—An Example—

Clay Minerals Si0O, AL O, Fe,O4 TiO, CaO MgO

Montmorillonite*! total analysis %, 50.08 15.78 5.34 0.47 0.91 3.51
decomposition %, 84.7 87.6 40.4 100.0 87.2

Kaolinite*? total analysis % 47.62 31.48 1.45 0.88 0.21 0.27
decomposition 9%, 57.1 56.6 25.0 100.0 59.3

Halloysite*? total analysis %, 46.47 '32.88 1.53 0.29 0.21 0.15
decomposition % 65.9 65.4 27.6 66.7 66.7

Sericite** total analysis %, 46. 38 35.68 1.39 0.05 0.24 0.49
decomposition %, 9.8 2.2 0.0 58.3 28.6

Al-chlorite*s total analysis %, 45. 06 29.82 1.71 0.97 0.23 6.92
decomposition % 46.4 93.6 0.0 100.0 65.8

" Mg-chlorite*¢ total analysis % 36.90 16.82 4.97 0.25 1.79 27.38
decomposition %, 95.0 91.8 0.0 31.3 50.3

*1 Mizusawa (Yamagata)
*4 Yagi-mine (Okayama)

*2  Obora (Gifu)
*5  Shinyd-mine (Nagano)

*3  Obora (Gifu)

Analyzed by Teiko Oumor1 and Tadashi FuyiNnuki
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*6  Wanibuchi-mine (Shimane)
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Fig. 5 Size Frequency Curve of Insoluble Residue in the Sagara Limestone.

37— (253)




WwHEAEHRAR

a4k - VAREBLEET S, bliceve) v VAR,
HBOMRE CIEHLRRWLEL EEN TN S,

4) LESFORRE, BNV T L R bryFY
LB LAY Y A RO MOLERSITLHEELD
b BMEEROTRE L, FRIBEY T 7 ¥ 5 vk
- 2.0%, BHEHS.T%TH .

5) MEBROSOEEIZ, X bevFUaBIUAYY
LAEFENMMOHREORRACHSTELLENI LT
H5.

6) BRIz OWTH S L, RAMBELHE
L TWAATE - BRE - ML L oFRRERE 7
Sy v avicEkS Fer Al- LR, « K 0 4 530,
BERIERW TR ICRWEMAEEZ &>, L L, Sre
Ba « Zn - Pi3fciigih & BipAR L CREENRRARY,
HFEREOENEFTRLTHNE LD Bbh 5,

7) REMBFZREORESN T o 1R, VYV M UT
ORI LA u, BipEEIES L THS.

8) (LFEDITRRLE S ORERE, —HBREREREY
REHTDLMAERE, BHANEAL AN A —bEBL
Sh 5 BEROHERECBEVERBEL TS LD L
HEEh 5,

(%ZfF: 1975. 3. 190 ; =28 :1975. 4.11[H)

x @

FREFZB) (1929) 777 5F 4o | ARG 18
Bl BIXUFRRHE 24 p, HARER.

Fork, R. L. (1959) Practical petrographic classi-
fication of limestone. Bull. Amer. Assoc.

Petroleum Geologists, vol. 43, p. 1-38.

(1962) Spectral subdivision of limestone

types. Amer. Assoc. Petroleum Geologists,

Memoir 1, p. 62-84.

FEE IE (1968) AIKEOHIR(LFRBIZEN—R
WARAGRIC BT 2 WETEC >N T—.

WE A, vol.19, p.603-624.

(B 26% % 5 %)

Fujinuki, T. (1970) On the minor elements in
Ryukyu limestone from Kikai-jima island,
Kagoshima Prefecture, Japan. Bull. Geol.
Surv. Japan, vol. 21, p. 327-340.

RE IE - Z-REE ERTET (1974) B4
MR REIEERT OMERS (HE). &

#r, vol.69, p.162.

Howte, R. A. and Broapuurst, F. M. (1958) X-
ray data for dolomite and ankerite. 4mer.
Mineralogist, vol. 43, p. 1210-1213.

NERSSER (1968) BRI (fRFR) WRSLHARAEGRME
WA REE, p. 6-20, BHER.

BEEZ (1964) WNEERKIRETEOC=, Z0H

RERORLEY. BRERAEE, FIH

BREHEDY Y —X, vol. 5, p.27-38.

(1974) WEEAAZBI =, Z0FAK

BORGHERE. MBESFHE, vol.80, p.

397-410.

NEE (1970) REREHEREICBET 2 BaE DR
BE.  HER{LEE, vol. 4, p.24-35,
FRILRER (1963) 5754y 1 HUE [RE T8 )11 #

51 BIORHEAE. 30p, HEMER

Murata, K., FriEDMAN, 1. and CrEMER, M. (1972)

Geochemistry of diagenetic dolomites in
Miocene marine formations of California
and Oregon. U.S. Geol. Surv. Prof. Paper,

724-C, 12p.
B REE - BEE IE (1971)  HEBAKEOHEYRE
Rizc2WT, HiEEG 5 RAEAEMNK

SHEREE, p. 226,

FEERT - AEFEE (1972)  SEW - PEOE
i HRETR O 7 I 2B - TR Hicon
T. HWBZHE, vol.78, p.289-300.

K& 72 (1963) HMERBEHOFHE=ZHT3
BIEDZE.  {6F, no. 5, p.105-110,

38— ( 254 )



Bull. Geol. Surv. Japan, Vol. 26 Plate 9

03mm

Bipyramidal Quartz (rock crystal) in Insoluble Residues of Sample No. Sagara-1.






