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Cadmium contents of Paleozoic limestones in
South Kitakami Terrane, northeast Japan
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Trace amounts of Cd, Ni and Cu in Permian, Carboniferous and Silurian limestone samples
from South Kitakami Terrane were determined by flame atomic absorption spectrophotometry
combined with the ammonium pyrrolidinedithiocarbamate (APDC) -4-methyl-2-pentanone sol-
vent extraction system. The geometric means of Cd contents of these limestone samples from
Kusayamizawa (n =9, Silurian), Onimaru (n =5, Early Carboniferous), Roukando Cave (n=5,
Carboniferous), Nagaiwa Mine (n= 12, Early Permian) and Iwaizaki Coast (n=12, Middle Per-
mian) were 0.04, 0.31, 0.78, 0.32 and 0.43 ppm, respectively.

The Cd contents of Permian and Carboniferous limestones tend to be relatively higher than
those of the other geological ages (i.e., before Devonian and after Triassic). Most of the Cd in
Permian and Carboniferous limestone samples can be dissolved with 1 mol dm™* acetic acid,
suggesting that a large portion of Cd*" is incorporated from marine waters into calcite by replac-
ing Ca®" during the formation and deposition of precursory carbonate minerals of the lime-
stones.

The high Cd contents of Permian and Carboniferous limestones are independent of sedi-
mentary environments in the ocean, such as distance from continents, which controls the
amounts of land originated detrital materials. This fact implies that the concentration of Cd was
high in worldwide throughout the ocean during Parmian and Carboniferous periods.

Key words: cadmium, limestone, Paleozoic, Permian, Carboniferous, Silurian, South Kitakami
Terrane
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Fig.1 Sampling locality.
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Table 1 Average chemical composition of limestone samples from South Kitakami Terrane.

Sampling Locality Geological No. of Si0,  ALO; CaO MgO Sr Mn Fe Ni Cu Zn Cd
Formation Age samples wt%  wt% wt.% wt.% ppm ppm ppm ppm ppm__ppm ppm
Kusayamizawa Silurian 9 Average 352 027 53.04 0.49 400 1400 1400 0.8 0.74 28 0.05
Kawauchi s.n.” 1.81  0.39 1.55 0.13 178 490 1310 0.2 048 25 0.04
Minimum 1.07  0.02 50.13 0.28 180 380 120 0.4 027 0.6 0.02
Maximum 6.99 1.27 54.96 0.68 670 2100 4400 1.0 1.8 9.0 0.11
Onimaru Lower 5 Average 242 0.20 53.39 0.60 870 81 780 1.9 037 44 0.31
Onimaru Carboniferous s.p.b 1.65 0.23 0.89 0.14 110 54 830 0.4 0.18 1.1 0.04
Minimum 0.16 0.04 52.34 0.49 710 41 250 1.4 0.22 29 0.27
Maximum 424 057 54.53 0.81 1000 140 2200 2.4 0.63 6.1 0.38
Roukando Cave Carboniferous 5 Average 195  0.13 54.08 0.76 250 76 650 1.7 1.1 6.8 0.93
Takasuzuyama s.D.” 356 010 203 026 110 59 50 L1 09 27 042
Minimum 0.09  0.02 50.54 0.43 160 42 140 0.9 042 39 0.19
Maximum 832 0.24 55.62 1.04 440 180 1500 3.7 2.6 9.2 1.2
Nagaiwa Mine Lower Permian 12 Average 220 045 52.95 0.97 850 250 3200 2.9 1.1 7.3 0.39
Sakamotozawa s.n.” 221 053 2.27 0.39 260 260 3500 2.5 0.8 4.7 0.28
Minimum 0.29  0.02 47.50 0.46 570 36 97 0.5 0.19 12 0.11
Maximum 7.67  0.79 55.58 1.81 1500 850 8500 8.1 23 14 1.1
Iwaizaki Coast Middle Permian 12 Average 2.01  0.67 53.07 0.84 290 230 3000 3.4 1.8 7.3 0.44
Iwaizaki s.p.” 1.31 043 1.30 0.22 85 120 1600 1.9 0.7 2.9 0.10
Minimum 032 024 50.82 0.56 220 80 610 0.8 087 33 0.23
Maximum 4.06 134 55.44 1.23 510 510 5700 6.6 3.0 12 0.61

1) Standard deviation
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Table 2 Results of XRD of 1 mol dm® acetic acid-insoluble residues of limestone samples from

South Kitakami Terrane.
Sample No. Locality SiO, MgO Fe Dolomite Pyrite Chlorite Illite  Quartz Feldspars
(Wt.%) (wt.%)  (ppm)

94-IKL-06  Kusayamizawa  6.99 0.53 4400 ++ ++ ++++ +++
94-I0L-02  Onimaru 4.24 0.49 820 + + ++++ +++
94-IRL-05 Ruokando Cave 0.65 1.04 560  +++ ++ +
94-INL-09  Nagaiwa Mine  2.09 1.24 6500 ++ ++ + + ++++ +
94-INL-11 Nagaiwa Mine  7.67 1.81 8500 ++ ++ + + ++++ +
94-11L-05 Iwaizaki Coast ~ 2.65 0.83 4200 ++ ++ ++++ +

+ -+ + -+ very strong, +++
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strong, + -+ medium, + weak
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Table 3 Correlation matrix for concentrations of
chemical species in limestone samples of

65

bo THNETIXHRLNIAFOAMMEREDOV

(CPHRALr 4 FEA R 0.14%, n=111) <)V
2ol B OV AT K e DT A B I A S =
0.57 ppm (Aizawa and Akaiwa, 1992a) & K3 %
&, WH TR, oSt TR/ ETDH
A0, IFZEEBEON FITLAEHEETH DL, WIN
$0.nppm D+ —¥—TH %,
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Souﬂ}EK;tika#n ?;”%neﬁ o EHHSD Y, RSN TRV, Lh L
ar. ermian agaiwa me, n= . N .
SiOg Ale:;y Mn Fe ) Ni Cu Zmn Cd EO)W%\. (E’?%iﬁ%*ﬁ’ ﬁﬁ,ﬂ:atﬁt) ﬁ)%g[K\th
Si0s 055 0.9 067 010 030 013 001 BETH D Ehn, MRl LR, HT
Al:Os  0.92 0.76 090 0.78 0.85 0.83 0.76 HiBErf7 (Kawamura and Machiyama, 1995) X1
Mn 082 0.82 0.84 065 091 079 0.82 A B (IR, 1987; F M IT2, 1994), i K
N om om os os 0wt oss om  TPAOILENEE GRIK, 1995) % X% 2 AciH X
Cu 087 087 039 088 077 0.90 0.86 NTV2, WINOHEZLZIZE L, TRETHIL
Zn 080 094 068 0.93 076 0.79 0.96 TSR & AT 1 D 7 WARFE OV A HE K OV A A K
Cd  -0.60 -0.43 -0.19 -0.39 -0.30 -0.50 -0.38
Middle Permian (Iwaizaki Coast, n=12)
Table 4 Average ratios of 1 mol dm * acetic acid-
Carboniferous (Onimaru and Roukando Cave, n=10) soluble to tOta1. cor%tents of strontium and
Si0s ALOs Mn Te Ni Cu  Zn Cd heavy metals in ¥1mesto.ne samples (n=
Si0s 045 091 067 -0.19 -0.34 -0.35 -0.65 13)" from South Kitakami Terrane.
Al:Os  0.84 0.68 093 044 -0.15 002 -0.32 Element Ratio sD2
Mn  0.64 0.47 0.81 -0.12 -0.22 -0.20 -0.53 Sr 0.86 0.09
Fe 0.85 0.93 0.60 0.17 -0.19 -0.11 -0.42 Fe 0.34 0.19
Ni 0.11 0.07 0.64 029 0.03 0.40 0.18 Ni 0.13 0.05
Cu 070 080 068 085 046 0.73  0.72 Cu 0.28 0.17
Zn 076 096 027 083 -0.08 0.64 0.72 7n 0.22 0.08
Cd  -0.76 -0.51 -0.76 -0.72 -0.52 -0.54 -0.36 cd 0.70 0.18
Silurian (Kusayamizawa, n=9) 1) Except Kusayamizawa Silurian
limestone samples
1) Omitting 4 samples with high Fe values. 2) S.D. : Standard Deviation
Iwaizaki Coast (Middle Permian) : 0O O0O®woo O
(G.M.=0.43ppm)
Nagaiwa Mine (Early Permian) . @ O 0 000 @ o o
(G.M.=0.32pm)
Roukando Cave (Carboniferous) s o o 00 o
(G.M.=0.78ppm)
Onimaru (Early Carboniferous) . o0 ©
(G.M.=0.31ppm)
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Fig. 4 Cadmium contents of limestone samples of five localities of South Kitakami

Terrane.
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Table 5 Chemical composition of Silurian and Devonian limestone samples from Australia, Swe-
den and Iran.

Sample Sampling Geological Si0O2 CaO MgO Sr Mn Fe Ni Cu Zn  Cd
No. localityV Age? wt.% wt.% wt.% ppm ppm ppm ppm ppm ppm  ppm
FC1 Fitzroy Crossing  E.or M. Devonian 0.86  54.38 0.51 230 77 640 0.5 0.9 2 0.03
FC2 Fitzroy Crossing  E. or M. Devonian 2.46 52.95 0.63 260 62 1200 1.1 1.0 5 0.09
FC3 Fitzroy Crossing  E. or M. Devonian 3.24  52.48 0.66 260 71 1400 1.4 1.2 8 0.09
FC4 Fitzroy Crossing  E. or M. Devonian 2.65 52.60 0.63 250 60 1600 1.9 2.7 8 0.07
TW1 Tamworth Middle Devonian ~ 0.01  55.55 0.23 130 70 230 0.7 0.3 2 0.10
TW13  Tamworth Middle Devonian 0.01 55.49 0.23 140 63 230 0.3 0.2 4 0.11
HB1 Gotland Middle Silurian 9.60 4231 242 210 770 6000 45 3.1 6 <0.02
SL1 Gotland Middle Silurian 0.79 53.95 0.48 130 96 910 1.0 0.5 2 0.02
A1727 Kerman Devonian 27.88 29.55 449 220 1100 13000 19.2 25.0 20 0.06
A1729 Kerman Devonian 35.44 27.47  3.28 220 1100 7300 7.7 56 32 0.13
A1736 Kerman Devonian 30.85 36.33 0.66 300 1300 4900 3.7 31 14  0.03
A1740 Kerman Devonian 4.80 51.37 0.65 260 640 2500 2.2 20 38 0.22
A1744 Kerman Devonian 1.73  53.50 0.40 140 130 680 0.5 0.7 4 0.05

1) Fitzroy Crossing : Western Australia, Australia, Tamworth : New South Wales, Australia, Gotland : Gotland Island, Sweden,

Kerman

: Middle Iran

2) E. or M. Devonian : Early or Middle Devonian
3) Skeleton of stromatoporids

Table 6 Chemical composition of Precambrian and Cambrian limestone sam-

ples from Shahmirzad in the Arborz Mountains of north Iran.

Sample  Geological Formation Si02 CaO MgO Sr Mn Fe Ni Cu Zn Cd

No. Age wt.% wt.% wt.% ppm ppm ppm ppm ppm ppm ppm
VA26 Precambrian  Lower Dolomite 0.01 52.66 1.04 150 43 43 0.1 0.1 1.3 <0.02
HB15 Precambrian  Lower Shale 33.16  29.50 1.39 600 3200 17000 14.2 14.2 139 0.05
HB20  Precambrian  Lower Shale 28.56  32.08 1.51 310 8600 11000 8.1 4.1 5.6 0.02
HC12 Cambrian Middle Dolomite 9.24 4646 2.80 170 1300 2900 6.0 3.7 4.1 0.03
DC4 Cambrian Middle Dolomite 6.87 48.68 1.29 940 750 1600 4.2 1.9 328 0.14
DC13  Cambrian Middle Dolomite 15.68  42.67 0.71 1500 1500 11000 15.2 7.0 13.7 0.02
VD19 Cambrian Upper Shale 34.17  29.38 0.75 1200 2500 26000 18.5 9.2 353 0.08
HE7 Cambrian Upper Dolomite 12.47  40.26 5.54 84 660 2000 1.9 4.1 2.4 0.02
18-19  Cambrian Barut 18.04  42.25 0.75 220 2400 2700 4.6 28.6 9.4 0.06
18-11  Cambrian Barut 531 50.33 0.65 770 670 2900 1.8 3.8 598 0.13
M120  Cambrian Mila 8.11 49.94 0.66 490 430 3800 3.4 2.5 5.9 <0.02
M179  Cambrian Mila 2.05 5322 0.35 230 240 3000 1.8 0.62 3.9 0.05
M190 Cambrian Mila 2,51 5159 0.90 460 190 1900 1.9 1.5 239 0.06
M204  Cambrian Mila 23.53 3844 0.60 210 440 6100 3.2 1.7 8.1 0.03

L7 I VAETRAIZOWTH FI A4 F 050
BEEE LTEFNEN6.23E350% Hi5 L, Jif#A X
DHT7ILVARAFITALFVERYAARIZL WS
EERLTWwE, TRNETIEHESRTWEH Y T7
FLADH K I 7 AEHE120.0003% 50.047 ppm
THY (Shen et al., 1987; Linn et al., 1990; Delaney

et al., 1993; Matthews et al., 2008), N) A ¥ T 5L
HOH FI Y AEH2DH0.003~0.006 ppm F£HETH
% (Delaney et al., 1996). —7F, HRAIZOWTIE
757 b=y 7 AL T0.01~0.07 ppm FED A
FIv2aEaEPREESNTYS (Lin et al., 1999;
Rickaby et al., 2000), #EHIID WA, TI LA
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