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Abstract: Although atoll-type limestones in accretionary complexes are characterized by having high
purity of calcium carbonate, some of them exhibit high phosphorus content comparatively. Such limestones
are unsuitable for use in steel and carbide plants. It is important for mine development to understand the
maldistribution of phosphorus in limestones. We measured phosphorus content of Carboniferous—Permian
atoll-type limestones embedded in the Akiyoshi accretionary complex by using ICP-AES. Those samples
were classified by age and depositional environment. We recognized that in samples from the reef-core
environment phosphorus contents generally exhibit higher value in the Bashkirian and Moscovian than in the
Visean, Serpukhovian, and Gzhelian. In contrast, back-reef limestones are characterized by the low content
of phosphorus even in the Bashkirian and Moscovian. Phosphorus content is uncorrelated with those of iron
and aluminum that are generally considered as the secondary accumulation. The high content of phosphorus
in the Bashkirian and Moscovian reef-core limestones suggests the high nutrient level in seawater during
the deposition of the limestones. It is probably related with rising sea-level caused by coeval super-plume
activity in the Panthalassa ocean and resultant dominant upwellings.
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Fig. 1 ~ Map showing locations of examined limestones in the
Akiyoshi accretionary complex.
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Map showing localities of samples in the Omi, Akiyoshi, and Hina limestones.

Base maps of the Kurohime area of the Omi Limestone, the Iwanaga-dai and Managatake areas of the Akiyoshi
Limestone, and the Hina Limestone taken from GSI Maps of the Geospatial Information Authority of Japan (GSI ;
http://maps.gsi.go.jp/).
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Table 1  List of examined samples by age and depositional environment.
Number of samples (Sample No.)
Environment
Age slope reef core back reef Ferrestn.a ! Total
(microcodium)
Lopingian
Guadalupian
& Kungurian 1(No. 126) 1
€
& Cisuralian Artinskian 1 (No. 125) 1
Sakmarian
Asselian
Gzhelian 10 (No. 104-113) 10-12
& | Upper 2 (No.127-128)
§ Kasimovian 0-2
s | 3
5 c Middle Moscovian 34 (No.70-103) | 8(No.117-124) 42
g v
= a
S Lower | Bashkirian 14 (No. 5-18) 31(No.39-69) | 3(No.114-116) 48
o)
S & | Upper |Serpukhovian 14 (No. 25-38) 14
o
2 | Middle Visean 4 (No. 1-4) 6 (No. 19-24) 10
2
= Lower | Tournaisian
Total 18 95 13 2 128

ehl

back reef

3 TR B HERBRBED UM 2 A ICE A I O MR G

Fig. 3

Thin-section photomicrographs of representative limestone microfacies of each environment in the reef.
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Table 2-1 Results of measurement by ICP-AES.

w/w% ua/g

Sample No.| Sample name P20s Al;03 Fe:0s MgO Sr Mn Ba Sr/Mn Environment Age Locality
No. 1 TA1 0.021 0.001 0.016 0.68 207 26 <1 7.96 |slope Vis Omi
No. 2 TA6 0.016 0.002 0.018 0.60 190 13 <1 14.62 |slope Vis Omi
No.3 TA10 0.016 0.014 0.026 0.27 151 21 <1 7.19 |slope Vis Omi
No. 4 TA15 0.051 0.256 0.140 0.63 212 79 2 2.68 |slope Vis Omi
No.5 HE1 0.017 0.004 0.020 0.27 132 50 <1 2.64 slope Bsk Omi
No. 6 HF1 0.011 0.005 0.052 0.40 118 52 1 2.27 slope Bsk Omi
No.7 TC1 0.012 0.003 0.020 0.50 173 20 <1 8.65 slope Bsk Omi
No. 8 TC2 0.028 0.031 0.030 0.50 166 30 <1 5.53 |slope Bsk Omi
No.9 TC3 0.008 0.002 0.021 0.31 131 24 <1 546 |slope Bsk Omi
No. 10 TC4 0.010 0.002 0.027 0.40 157 27 <1 5.81 slope Bsk Omi
No. 11 TC5 0.012 | <0.001 0.018 0.59 138 19 <1 7.26 |slope Bsk Omi
No. 12 TC18 0.012 < 0.001 0.017 042 112 16 1 7.00 slope Bsk Omi
No. 13 TC19 0.022 0.002 0.031 0.39 102 59 1 1.73 slope Bsk Omi
No. 14 IN9 0.028 0.001 0.007 0.34 96 24 <1 4.00 slope Bsk Akiyoshi
No. 15 IN10 0.018 0.006 0.020 0.29 80 123 <1 0.65 |slope Bsk Akiyoshi
No. 16 IN11 0.020 | <0.001 0.006 0.44 131 40 <1 3.28 |slope Bsk Akiyoshi
No. 17 IN12 0.014 | <0.001 0.010 0.28 180 39 <1 462 |slope Bsk Akiyoshi
No. 18 IN13 0.013 | <0.001 0.006 0.30 149 40 <1 3.73 |slope Bsk Akiyoshi
No. 19 N2K52 0.021 < 0.001 0.026 0.50 175 11 <1 15.91 reef core Vis Omi
No. 20 N2K55 0.022 | <0.001 0.045 0.48 177 13 <1 13.62 reef core Vis Omi
No. 21 N2K58 0.019 0.007 0.013 0.52 194 6 <1 32.33 reef core Vis Omi
No. 22 N2K62 0.009 0.013 0.082 0.56 219 26 3 8.42 reef core Vis Omi
No. 23 N2K72 0.028 0.038 0.154 0.34 166 27 3 6.15 |reef core Vis Omi
No. 24 N2K77 0.018 0.017 0.130 0.34 84 54 2 1.56 | reef core Vis Omi
No. 25 H5 0.015 0.014 0.128 0.39 238 143 <1 1.66 |reef core Spk Hina
No. 26 H10 0.009 0.014 0.021 0.29 191 31 2 6.16 | reef core Spk Hina
No. 27 H20 0.014 0.039 0.045 0.28 133 61 2 2.18 | reef core Spk Hina
No. 28 H30 0.011 0.015 0.020 0.32 102 24 2 4.25 |reef core Spk Hina
No. 29 H40 0.011 0.006 0.028 0.50 182 25 1 7.28 reef core Spk Hina
No. 30 H50 0.021 0.094 0.034 0.39 171 37 2 462 reef core Spk Hina
No. 31 H55 0.029 0.004 0.021 0.32 110 35 <1 3.14 |reef core Spk Hina
No.32 H56 0.017 0.001 0.017 0.57 164 24 <1 6.83 |[reef core Spk Hina
No. 33 H57 0.021 0.005 0.017 0.41 167 35 <1 4.77 reef core Spk Hina
No. 34 H58 0.016 0.011 0.020 0.43 155 30 1 5.17 | reef core Spk Hina
No. 35 H59 0.017 0.020 0.017 0.50 100 28 1 3.57 |reef core Spk Hina
No. 36 H60 0.016 0.013 0.020 0.38 143 28 <1 5.11 reef core Spk Hina
No. 37 H60.5 0.025 0.006 0.011 0.54 152 29 <1 5.24 reef core Spk Hina
No. 38 H61 0.024 < 0.001 0.007 0.54 155 18 <1 8.61 reef core Spk Hina
No. 39 H61.5 0.022 0.010 0.022 0.46 138 23 <1 6.00 |reef core Bsk Hina
No. 40 H62 0.010 0.014 0.011 043 153 36 <1 4.25 |reef core Bsk Hina
No. 41 H62.5 0.041 0.007 0.013 0.51 146 23 1 6.35 reef core Bsk Hina
No. 42 H63 0.049 0.001 0.010 0.46 128 35 <1 3.66 |reefcore Bsk Hina
No. 43 H63.5 0.152 0.018 0.021 0.40 67 78 <1 0.86 |reef core Bsk Hina
No. 44 H64 0.011 0.040 0.025 0.44 93 44 1 2.1 reef core Bsk Hina
No. 45 H64.5 0.017 0.013 0.021 0.34 88 48 <1 1.83 reef core Bsk Hina
No. 46 H65 0.014 0.002 0.020 041 95 42 <1 226 |reef core Bsk Hina
No. 47 H65.5 0.037 0.005 0.013 0.44 97 32 2 3.03 |reef core Bsk Hina
No. 48 H66 0.027 0.075 0.047 0.48 137 40 2 3.43 |reef core Bsk Hina
No. 49 H66.5 0.030 0.041 0.035 0.35 139 63 2 2.21 reef core Bsk Hina
No. 50 H67 0.009 0.009 0.016 0.35 97 27 <1 3.59 |reef core Bsk Hina
No.51 H67.5 0.050 0.011 0.017 0.51 137 25 <1 5.48 reef core Bsk Hina
No. 52 H68 0.064 0.002 0.020 0.63 164 27 <1 6.07 reef core Bsk Hina
No.53 H68.5 0.027 0.005 0.015 0.44 132 23 1 5.74 | reef core Bsk Hina
No. 54 H69 0.013 0.043 0.038 0.39 135 51 3 2.65 |reef core Bsk Hina
No. 55 H70 0.026 0.024 0.037 0.47 108 25 <1 432 |reef core Bsk Hina
No. 56 H70.2 0.031 0.012 0.017 0.35 107 22 3 4.86 |reef core Bsk Hina
No. 57 H70.5 0.034 0.005 0.017 0.41 174 28 1 6.21 reef core Bsk Hina
No. 58 H71 0.036 0.002 0.014 0.57 148 39 1 3.79 | reef core Bsk Hina
No. 59 H80 0.048 0.003 0.009 0.65 164 20 <1 8.20 reef core Bsk Hina
No. 60 NE22 0.006 < 0.001 0.011 0.31 100 6 <1 16.67 reef core (bst) | Bsk Omi
No.61 NE27 0.013 < 0.001 0.018 0.32 89 12 <1 7.42 reef core Bsk Omi
No. 62 IN31 0.017 0.002 0.008 0.27 188 41 4 4.59 |[reef core Bsk Akiyoshi
No. 63 IN32 0.009 | <0.001 0.004 0.28 108 33 <1 3.27 |reef core Bsk Akiyoshi
No. 64 IN33 0.012 0.003 0.007 0.29 162 35 1 4.63 |reef core Bsk Akiyoshi

bst: boundstone, mcd: microcodium, Vis: Visean, Spk: Surpukhovian, Bsk: Bashkirian, Msc: Moscovian, Ksm: Kasimovian, Gzl: Gzhelian, Ats: Artinskian, Kng: Kungurian
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Table 2-2 Results of measurement by ICP-AES.

Sy MBI fiE— 5.

w/w% pg/g

Sample No.| Sample name P20s AlO; Fe 05 MgO Sr Mn Ba Sr/Mn Environment Age Locality
No. 65 IN35 0.013 | <0.001 0.002 0.32 115 26 1 442 |reef core Bsk Akiyoshi
No. 66 IN36 0.011 | <0.001 0.002 0.29 110 22 <1 5.00 |reef core Bsk Akiyoshi
No. 67 IN37 0.025 | <0.001 0.004 0.30 95 27 <1 3.52 |reef core Bsk Akiyoshi
No. 68 IN38 0.011 | <0.001 | <0.001 0.35 101 14 <1 7.21 reef core Bsk Akiyoshi
No. 69 IN39 0.069 0.001 0.004 0.34 105 20 <1 5.25 |reef core Bsk Akiyoshi
No. 70 AH1 0.012 < 0.001 0.009 0.35 140 11 <1 12.73 reef core (bst) | Msc Omi
No. 71 HAS 0.006 | <0.001 0.009 0.37 134 6 <1 2233 |[reef core (bst) | Msc Omi
No.72 HES17 0.009 | <0.001 0.010 0.39 156 10 <1 15.60 | reef core (bst) | Msc Omi
No. 73 nHES42 0.032 | <0.001 0.013 0.55 164 18 <1 9.1 reef core Msc Omi
No. 74 HES63 0.014 | <0.001 0.010 0.50 141 17 <1 8.29 reef core Msc Omi
No. 75 rHES63 0.030 0.004 0.037 0.14 37 38 <1 0.97 reef core Msc Omi
No. 76 HG51 0.009 | <0.001 0.016 0.27 92 18 <1 51 reef core Msc Omi
No. 77 HH69 0.011 0.004 0.042 0.28 86 25 <1 344 |reef core Msc Omi
No. 78 NG35 0.055 | <0.001 0.012 0.71 262 15 <1 17.47 reef core Msc Omi
No. 79 NM2 0.011 0.001 0.040 0.15 44 33 <1 1.33 reef core Msc Omi
No. 80 IN1 0.025 0.105 0.085 0.32 156 31 2 5.03 |reef core Msc Akiyoshi
No. 81 IN2 0.018 0.017 0.021 0.30 105 9 <1 11.67 reef core Msc Akiyoshi
No. 82 IN3 0.017 0.010 0.012 0.31 17 9 <1 13.00 |reef core Msc Akiyoshi
No. 83 IN4 0.019 0.004 0.006 0.24 110 9 <1 12.22 | reef core Msc Akiyoshi
No. 84 IN5 0.020 0.002 0.004 0.24 93 9 <1 10.33 | reef core Msc Akiyoshi
No. 85 IN6 0.012 0.002 0.003 0.20 143 16 <1 8.94 reef core Msc Akiyoshi
No. 86 IN7 0.055 0.001 0.004 0.38 177 17 <1 10.41 reef core Msc Akiyoshi
No. 87 IN14 0.025 | <0.001 | <0.001 0.60 166 7 <1 2371 reef core Msc Akiyoshi
No. 88 IN15 0.016 | <0.001 | <0.001 0.41 150 8 <1 18.75 | reef core Msc Akiyoshi
No. 89 IN16 0.018 | <0.001 | <0.001 0.39 112 8 <1 14.00 | reef core Msc Akiyoshi
No. 90 IN17 0.010 | <0.001 | <0.001 0.32 132 8 <1 16.50 | reef core Msc Akiyoshi
No.91 IN18 0.006 | <0.001 | <0.001 0.62 159 10 <1 1590 |reef core Msc Akiyoshi
No. 92 IN19 0.015 | <0.001 0.001 0.42 136 15 <1 9.07 |reef core Msc Akiyoshi
No. 93 IN20 0.036 | <0.001 0.001 042 110 12 <1 9.17  |reef core Msc Akiyoshi
No. 94 IN21 0.004 | <0.001 0.004 0.27 11 50 <1 222 |reef core (bst) | Msc Akiyoshi
No. 95 IN22 0.017 | <0.001 0.003 0.34 109 28 <1 3.89 |[reef core Msc Akiyoshi
No. 96 IN23 0.013 | <0.001 0.011 0.26 97 83 <1 1.17 | reef core Msc Akiyoshi
No.97 IN24 0.020 | <0.001 0.002 0.34 137 16 <1 8.56 |reef core Msc Akiyoshi
No. 98 IN25 0.015 0.001 0.002 0.46 127 17 <1 747 |reef core Msc Akiyoshi
No. 99 IN26 0.015 | <0.001 0.002 0.50 113 17 <1 6.65 |reef core Msc Akiyoshi
No.100 | IN27 0.010 | <0.001 0.006 0.44 143 45 <1 3.18 |reef core Msc Akiyoshi
No.101 | IN28 0.015 | <0.001 0.005 0.35 113 59 <1 1.92 |reef core Msc Akiyoshi
No.102 | IN29 0.014 | <0.001 0.004 0.33 96 37 <1 2.59 |reef core Msc Akiyoshi
No.103 | IN30 0.012 | <0.001 0.002 0.31 113 29 <1 3.90 |reef core Msc Akiyoshi
No.104 | MN4 0.025 0.010 0.021 0.69 176 24 1 733 | reef core Gzl Taisyaku
No.105 | MN6 0.010 0.003 0.010 0.69 178 10 <1 17.80 |reef core Gzl Taisyaku
No.106 | MN8 0.005 0.004 0.009 0.66 194 22 <1 8.82 |reef core Gzl Taisyaku
No.107 | MN10-5 0.009 0.010 0.013 0.77 203 26 <1 7.81 reef core Gzl Taisyaku
No. 108 MN13 0.009 0.005 0.006 0.61 188 17 1 11.06 reef core Gzl Taisyaku
No.109 | MN20 0.010 0.009 0.010 0.62 203 36 2 5.64 |reef core Gzl Taisyaku
No.110 | MN21 0.011 | <0.001 0.005 0.76 266 23 <1 11.57 | reef core Gzl Taisyaku
No.111 | MN26 0.006 0.004 0.008 0.73 260 26 <1 10.00 | reef core Gzl Taisyaku
No.112 | MN30 0.011 0.001 0.007 0.75 282 33 <1 8.55 |reef core Gzl Taisyaku
No.113 | MN33-2 0.015 0.017 0.014 0.67 157 114 3 1.38 | reef core Gzl Taisyaku
No.114 | NCO 0.009 | <0.001 0.060 0.24 57 57 <1 1.00 back reef (bst) | Bsk Omi
No. 115 NC2 0.012 0.002 0.016 0.31 82 8 <1 10.25 back reef Bsk Omi
No. 116 NC12 0.008 0.001 0.017 0.29 89 9 <1 9.89 back reef Bsk Omi
No. 117 NA15 0.005 0.001 0.007 0.23 68 4 <1 17.00 back reef Msc Omi
No.118 | NA18 0.002 | <0.001 0.007 0.30 100 4 <1 25.00 | back reef Msc Omi
No.119 | NA19 0.005 | <0.001 0.008 0.34 104 3 <1 34.67 | backreef Msc Omi
No.120 | NA21 0.004 0.011 0.037 0.25 93 15 <1 6.20 | back reef Msc Omi
No.121 | NB2 0.003 | <0.001 0.008 0.24 86 5 <1 17.20 | back reef Msc Omi
No.122 | NB7 0.007 0.007 0.033 0.25 112 16 1 7.00 | back reef Msc Omi
No. 123 NB15 0.003 0.001 0.024 0.25 87 10 <1 8.70 back reef Msc Omi
No.124 | Ak-ftz 0.003 0.002 < 0.001 0.23 103 2 <1 51.50 back reef Msc Akiyoshi
No.125 | Om-kh 0.010 0.004 0.015 0.63 149 44 1 339 | back reef Ats Omi
No.126 | Ak-03030905 0.007 0.028 0.025 12.41 286 3 <1 9533 | back reef Kng Akiyoshi
No.127 | Ak-mc < 0.001 0.003 0.002 0.21 192 6 <1 32.00 | terrestrial (mcd) | Ksm -Gzl | Akiyoshi
No.128 | Om-mc <0.001 0.002 0.018 0.28 135 7 <1 19.29 | terrestrial (mcd) | Ksm - Gzl | Omi
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WAl HERERES-AERBIOP.0sDEHEDOE X b 7T AL HIFEHMME, #*130.03 % & B4 5B OB (%) 2T

Fig.4  Histograms showing phosphorus contents by age and depositional environment of limestone. Values marked with
single and double asterisks indicate a mean value and a rate of samples exceeding 0.03 % in phosphorus content,
respectively.
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ZD3BIEEAEDREIAD 0.01 %LUT & Msd TR ME %
AT EE4XD). —F, #hf (slope) K UHEHRALTE (reef
core) DA IETFHED LKA & D & 2RI P.0s A
EBAELESE5638001~0.02%IE— FA&RL (54 XB,
C), FHMEIZZNZF 0018 %, 0.021%TH5. % 7=,
P.0s GHEAD 0.03 % &8 A 2O B IR A 5.6 %
(18 FlRt 1 GURE), HEHA%ERIE 15.8 % (95 Bkt 15 3
B T, #EREERICZ <, RRCHEP IO KA T EE
HOBWMINZL YO RIENT L &2 ET 5 (4K C).
EPRZEB D IKAE 121 0.152 % 123§ 2 5B & 1 308
B o7z (HEAKA ;s B4 H63.5). P0s & H 5410.03
% # A DNIKAIT T N THEM LKA TH b, b
ARG T T RT0.03 %A N Th 5. MRS ORI
EAERMICADZ L, POsHEHEL0.03 %4 BA5ED
EEboEFNNVEF-Y T2 T Y HORAIK
HTER4M O, P), ZOHEITENRZEN355 % (313
B 5ORH, 11.8 % (34 50BH 4 0K TH b, RIS
N F =T VIHOGIKEIZZ N W05 (F4lX
0). Wb 0.152 % Z/R L 7=FARER NV F—1) 7 V1l
DOWMEFMHOLIKAETH B, 72770, ZThoDHERD
RIS DO LKA T, T— Fi30.01 ~002%TH 3.
% 2R CHEPESOGIAE TS, ¥ 7 VIMORIKE
3, NUF )T UHREZICT VHIOE DL IR L
TPOs A FIFHS 22K, 0~0.01 %IZE— F AR
LEE4X), FAEZ 0011 % THD. —J, NYF—
V7 VR EZ AT VTR BHMONIKEIZEB S B
E—FA0~001 %, “F¥HEIZZNE40.010 %, 0.004
% EKWMEART (4 XQ, R). hOHERDOEHED A
IR 2O REINIEARH T H 5 4, 55y
ML ZzRiH~ L 2887 =5 4 v 2F 7 VIR U Y v o —
V7 VOB HEDAIKE D P.0s EARIL 0.01 % ITFT
H5EEAXK). 50, PELETBRENZEEZLSL
NTOBHED H LS4+ fhdh “microcodium” (Klappa,
1978 5 Kogir, 2004 ; Kabanov et al., 2008) 122\ C & il
E L7720, 0.001 % AlOMRD TVl Z /R L 72 (554 X
E).

4.2 BEARBICHITIP.0EH=NDZEIL

Mizuno (1997) BHE L2 HEAIKAIZB T 5 3 &
vy BT VIl Ry v 7 vl iR (Mid-
Carboniferous boundary) % &t 27 ¥ 3 ¥ TOP.0s &H
HOZBNEFE SKIORT. Kvo v a VORREREIZA
THEPIEES TH B, ZZ2TRIV Yy BT Vil RV
VAN T YACER L O TN, TAabbY -7 T
v HIOGBHZ P.Os BEHEA 0.03 % &AL 5L DIEAL
N, P 0.021 % TH B, —JF, HBERED EMo
N R =7 VHOREHL P0s B A R A 0.03 %A A
2300 %L, FHHIZ0.035 % TH D, ZOEVIIIH
FHTH 5.

4.3 U OEERE

P.0s & = D & VO ERE GRFH H63.5, H68, IN39) I
DWTIIBFMBIARZ OB &ML, B X HE %
To7z. ZTORE, ZhoDikEizid 7 v R VKGR
GEENAZENWEENEESZERX). &k, KIS
2/ FY b3 AONERDETH 72

4.4 ER5OEREREMR

3R AMOEHEOHBERE LT I
nfﬁﬁ%ﬁﬁ%%hbf%&éhtpﬁ%m?.@i
ORBAMEIZ 1% E Lz, 72, MgOIZDWTIE, MgO
EAHEI MO & b ARIER I OO AK-03030905
RS UTEM L2 RN T, ARk TAS &
ALOs & FexOs I3 BIR A% 0.59 (pfifi i 0.001 A:¥ili) & &
<, IEMHBEA/RL, MEMRLAETH S (F3XK, &
TIA). —Ji T, ALOs & P:0s, Fe:0s & P0Os & D [ D
MR EIT 2 24 019 (pfiEi20.031), 0.09 (pftiixk
0.308) &K<, MEMREAZETHVEEIL, H7X
B, O). P.OsEHREDEHNNYF—) 7 UHlEEZ2aYE
7 VHNCIE LT 2 O34 H 59, ALOs & FeOs
OMBEREII NNy F - 7 vle 2207 VY ER T
1170.53 (pfiE130.001 Ai), 0.76 (pfiEi0.001 Aifi) T
EHBEAERL, REBREAETHIDICHL EETX
D, G), ALO: & P20s 13 0.10 (pfifi 1% 0.496), 0.12 (pfiEiixk
0.468), Fex0s & P20s T 12 -0.05 (pfii 130.737), 0.02 (p
fifi130.876) TH DA FLMHBIIEA S v (7K E, F,
H, ). ZHALO: & Fe:0: 132 KM AL LT, Thb
IEMn, Ba& OBBREE LR EWMEE /R L, ALOs &
Mn, ALOs & Bald % £410.29 (pfidii% 0.001), 0.41 (p
f120.001 A i), Fe:0s & Mn, Fex0s & Bald Z h T h
0.42 (pfifiZ 0.001 &), 0.44 (pfitiix0.001 A7) TH D,
MERREAZETH S (H3FK).

5. %

5.1 HREIRE - B EP.OsDEFE

SO HAEFIZEE D TIE, KSR A CE D
— R 2 P0s B A 1L 0.01 ~ 0.02 %fEEEEZ 6N B
N, NUEF—DTUHI»SEZIET VIOHETRED
FRAIZIE POs B A 003 %E2 A 58DONLITL
ERR»oNiz. —FT, HRRFOLKETE, EX¥—
TYHRY—-Tav T W, S8 TV HORIED Y
DIFNFEEL T AL FHNABMETH 7. FRCHBEA
KDY Y 3 VIZBWTIENY F =) 7 VOB
Y—7 a7 VORI IREWMEEZ R T D0 % <,
BEXzH—7aer v N F—-0 7 VHER(R
Yy BT Vi Ry v T vl R - Mid-
Carboniferous boundary) IZH W T K E K EfLT 5 Z &N
br B EESK). 7z, BHEOAKEEZ NSV F—) TV
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Mid-Carboniferous Bi%t) & &drt & & 3 ¥ TOP.0s ZA EDOZA. FIRXIZ Mizuno (1997) 12550 X fE[X].
Fig. 5  Vertical change of phosphorus content in Serpukhovian/Bashkirian boundary (Mississippian/Pennsylvanian boundary: Mid-

Carboniferous boundary) section at the Hina Limestone, Okayama Prefecture. Geologic column is based on Mizuno (1997).

W22 7 VDY DTY P0s A RIS 0.01 %
DTEENZERHE N5z, T b BEARMZEDS
PSR, K) v AlkA &R &5 2 Jn LB %
DA, SFENIZRE ) 27 MR OIIHHETER S
7ZAKETHD, HHEED) 27BN TPEINLDIIN
VE—YT VML EZIET VEICHER S TR X
h-AKETHDHEELENS.

5.2 P,0s £AlL,Os, Fe,0; & DEAR
ALZRBIESIP I3 E T Vw0, flkEho

ALOs 1E, ZDEL PREMMELEEELLTE 6N

7eRf, KitSipnicHekd 5 (REE, 1983). 72, Feld

IRERIESIMIIZ R FAET B0, AAOOBZAE I 5k
i, 1B E OB d Z N ET I a y SRl L
LT oRMICURET 23568 & 5 (BHEIZ2, 1982). K
W27 T - 7= gﬁ*‘l’f&i, Fe:0; 13 ALOs & 1IE DB & 78
FTZEen6 (3K, HTKXA, D, G), Fe0s & ALOs 1E
LRI, ZOEL DB KN BMRICES8DEEDbNh 5.
47.74’(“, P05 128 "R BGOSR HE 2 5 b H
(BEEL, 1983), Ml L 7250 P.0Os 1% ALOs X Fe:Os &
OHBNIRO 5w (@3 %K, B7XB, C, E, F, H, 1).
TOZ SRR TR S0 F =) 7 VI KROE Z
a7 VO LIKAEREIOP.0s 23, ALOs X Fex0s & [A]
DT a2 212525 “RNERIC K > THRibiAEhiz
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Qz
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Fig. 6  X-ray diffraction patterns of undissolved residues of Samples H63.5, H68, and IN39.
B3R BB TOMBEGRE—E. () iEplE, *IEE0R4 Ak-03030905 (MgO 12.41%) % B\ 7= HHBI R B & 7R 5.
Table 3 Correlation coefficient between major components. Values in parentheses indicate p-value. Values marked with an
asterisk show these calculated based on data excluding Ak-03030905.
P.0Os Al,Os Fe,0s MgO Sr Mn
-0.04 (0.682)
Ba 0.04 (0.672) |[0.41(<0.001)|0.44 (<0.001) 0.14(0.126) |0.29(0.001)
0.04* (0.690)
-0.10(0.270)
Mn 0.21(0.020) |[0.29(0.001) |0.42(<0.001) -0.01 (0.941)
0.01* (0.880)
0.37 (<0.001)
Sr -0.02 (0.822) | 0.16(0.063) | 0.09(0.288)
0.69* (<0.001)
MO -0.04 (0.683) | 0.07 (0.421) | 0.01(0.891)
g
0.18*(0.038) | 0.10* (0.260) | -0.03* (0.749)
Fe20s [0.09(0.308) |0.59(<0.001)
ALOs 10.19(0.031)
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Correlation diagram between ALQOs, Fe20: and P20s. (A) AL:03-Fe:0s in total samples. (B) P20s-Al:Os in total samples.

(C) Fe205-P20s in total samples. (D) Al2Os-Fe20s in Bashkirian samples. (E) P20s-ALOs in Bashkirian samples. (F) P20s-
Fe20; in Bashkirian samples. (G) Al:03-Fe203 in Moscovian samples. (H) P20s-Al:0s in Moscovian samples. (I) P20s-Fe203
in Moscovian samples.

ER3FEZONEW. Lk, SHOSHTTIXALOs & Fe:03
D2HMWEFTEL, Zhb & Mn, Bak OHBIRED
RREWMEZ R L7 (E34). MnXBad ALOs X Fe.0s

EABRIZ R RO ATREME D 8 5

5.3 P,0s L HRAFRANHE

AREIBKIEH O EZ B ZIT 2 DIEE, S,

and Veizer,

1980).

NaB¥kd L, ZnRFe, MnB#iNII4 % & XN B (Brand
% 72, Denison et al. (1994) (3G KA
DSr/Mn b2 2% Z % & OIS/ *sr H 3 4 oA HE

FCY IO KO 2 R L TH D, —J5T Sr/Mn kb
1 KD/PENEDIEHIROEE N K E L, HEEOHKD

EAERBELTOAENZ L EREL TS,
AFFEIZB T ESr/Mn loa S L, Bos I o 278
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W4 Sr/Mn tbAd 1 Kiiid 50 2 B A SR OIS

Table 4 Rate of samples exhibit Sr/Mn values less than 1 or

more than 2.

Percentage of Percentage of

Sr/Mn value < 1| Sr/Mn value >2
reef core, Bashkirian 3% (1/31) 94 % (29/31)
reef core, Moscovian 3% (1/34) 88 % (30/34)
cefiore S | gwa/m | oo/
reef core Moscoun | gy 0/a) | 100% (4/4)
celcoe S | oo/ | oswis/0
ngs(cxﬁv%o;g%‘giz 3% (1/30) 87 % (26 /30)
Total samples 2% (3/128) 91 % (116/128)

EREG U 72 (352, 4%). &RIZA TS/ Mn kb2t 2 %
20291 % (128 ik 11630k £13LAE T
HB—FT, 1% FE%EDIE 2% (128 ik 3 30K
T —HTH B (4. XBITP0s HHEEDEVER
B 28RO F— ) 7 VHIROEZT Y
7 VHICB VT, POs & R 0.03 %LU O & 0.03
% %A BB St/ Mn iz DWW T HIR 247 5 72 (45 4
). POsEHEA0.03 % KL FORKOH TSr/Mn kb
M1IEOD/NEWEDEFNF—-) TV, 2387V
HceEhzho % (20 RHEEYS 2 L) & 3 % (30508
AR, 222 5 8 DI1395 % (2078 19 &0k &
87 % (30 il 26 ik THB. —H, 003 % %A B
REtoHh T St/ Mn A 1 K D/hE VR DIEF Y F -
V7V, E2ae T VT ER TR 9% (110 1
kD & 0% (4 BBHHREEY A L), 224 58 DIl
% (11 #0kHF 10 30KH & 100 % (4 3R 4 508D T b
SEE AR AL, DTN, K% TH-7-
P20s & A BOEWER Ml & F TR O 2 % 58
KZF i3 FEz2Iz< .

5.4 U DER

ARAFZEIZH DI, POs EAHEA E DI HEH LR,
FabBINEIZIM L 7z, WAKOIEERH LW IR T
RENZAPETH 5. MUEBTE BZ 5  WARONE
BSMEREER LD BN TH A L EZ NI EHEDH
JKAE I P0s A IS S I, E 2 KERKE W
FHI TR E N7 A5 S P0s BA RIZE < v, HR
IZDWTH A, SN L2z o & 2T P0s &
BOAGWAIKEIN Y F— 7 Vv HrsE2aE7 VI

ICIRIERE SN 5. gido k512, ShEL 72 aE
D P05 12D WTHE, Fe:05 % ALOs LRI U & 95 & ki
BURIEE 2120 72, HORIZK D P0s AR E B
WL7zLgZEZ D60, ThboDZlnb, FhlkEIL
TRIKEICEENDS ) VIIHIEN L S D ThH 2 o RelER
FWEeELZLONS.

)V EEGODERMERME LTRSS LMo TS
DIF, KM VHIRE & &5, HRMEDY VIKE
(phosphorite) Td 5. WK TD ) VIKADIEK, Thb
HHEREMITh OFEEMO 51 6 VIKADEKIZRS T
T 23N T THARESBEG LTV EEL OGN
T % (Schulz and Schulz, 2005). BIfE, V) VIKADIE
JRBHI S5 F I T MEEMNIH RO FEE T S Uk &
Sh, ARESEEPIZZET HEME 2, FEERCY
VIKFEERL T\ Z &R T 5 (Schulz and
Schulz, 2005 ; Goldhammer et al., 2010). Bifttd Z D
WSPEMBRIE T d 528, HVE BRI HURBREL 2 & BEfiER
WETIEFIEABETY) VIKABBR I N2 Z & 1A
SN, RIBEEIZET 5 Z & & £\ (Pufahl and Grimm,
2003 ; Hiatt and Budd, 2003 ; Hiatt ef al., 2015). \W§h
DAY, U VIKRDOEKIZIE, WAmiciE&ESh ¥
i A 2 GOUFARPIAEL 722 L% 5 % (Pufahl
and Grimm, 2003). Z D& 5 & KB L ) > FIER & [Flkk
DT L A THKERDOAPET DY) VIRAHBIEK E 7z
MNEIPIIATH B0, P.0s GHEDBOAIKEDFE
KEhinvdF -7 VHRCEZIET VI, WK
DRFEN LRI E VBRI S > 2 REEA H 5. 2D
REHNEEE 2 & — & — il ARHEZE B D K HE S & L C
M5 N B A (Ross and Ross, 1987 ; Nakazawa and Ueno,
2009), MBI BEICRBAT 2 Z &ic kb, PO
)V EGUDRBENRKREISIHEIZRA L2 ENELS
N5, F72Z ORI, FAE WSO WP &
N8V 3T 9 PMIZENT, LA ORES I
BITREEND X == TN = ARERTH > 72 & &
M (Tatsumi et al., 2000), TD A —=IS—T I =BT D
REHA DM AKUED FFUZBHG- L7 Z E BRI T 5 4
(Nakazawa and Ueno, 2009), ‘KILGEE)AGEFE 2 BEHICIZ,
W TKILA IR E L2 AmARET L ELAONT
W3 (Vogt, 1989). N *—1) 7 VHIROEZILET v
WOAIKEIZP.0s EHEPEVWEKE LTIE, Z0&5
IR T ORI OGS RO AMEET 2 Z L
T&E5%.

6. F&H

R OWESEIE O LKW, A - HERER
BOENIL BP0 GHEROZERIZDONTRGI L. 2
OFER, N F—N TV sE 22T VHOMEPR
EORKAIZIE POs EHENE NS DA LIX LITHD
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53 Z L, PO RKETE Y —T V], ¥ —
Taer v, ¥V 7 VHOZREROE DI SIFE
B AL FHENETH 5 2 L, WHEORIKEIZ N
F—)T7UVHREZIL T VHIOHERDEDTEERNT
EDBMHSE LR Sz, T, POs BAEEICIT ALO: B
HX FaO: BEREEDHBERALN LW &G, )V
IZDOWTIEZAIS LEIC R ERITZHEZ D60, 1)
VWAL DT H BB E N £ S, P.0s G
HEBEOAKEPBE I NN F =) 7 Vil 6 E
Zaey VBRI R 3 % 2 < Gl AR MBAEE
L2 enEroN5. ZOWEFRNEERELT, /8
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