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Abstract: The Kitakami Mountains are divided into two parts: the North Kitakami Mountains
and the South Kitakami Mountains. Late Paleozoic-Mesozoic chert occurs abundantly in the North
Kitakami Mountains, the Outer Zone of the Northeast Japan. The authors classified these siliceous
sedimentary rocks first on the basis of naked-eye observations into four kinds: light-colored chert,
dark-colored chert, red chert, and siliceous mudstone. Then they further classified the cherts into
chloritic chert, felsic tuffaceous chert, and calcareous chert, in case the crystals of chlorite, feldspar,
or calcite were observed in thin section, respectively.

In total, 138 samples of the chert and siliceous mudstone collected in the area were chemically
analysed by ICP and atomic absorption methods for the following oxides and elements: Al,O,, TiO,,
total Fe, 03, MnO, MgO, CaO, Na,O, K,O, Zn, Pb, Cu, Ni, Co, Cr, V, Li, and Ba. The average Al,O;
content of the samples increases in the following order: calcareous chert < light-colored chert <
dark-colored chert < red chert < chloritic chert < siliceous mudstone < felsic tuffaceous chert.
The average ratio of Al,O;/(Al,O;+Fe,0;+MgO) in the light-colored chert, dark-colored chert,
and red chert is nearly the same as that in the mafic volcanic rocks, and lower (around 70%) than
that in the mudstones from the same area. The average ratio of MnO/Fe,0; in the cherts is about
six times as much as the mudstone. Materials contained in the cherts, except SiO,, may possibly be
mafic volcanics rather than normal clastic sediments. Among the cherts in the area, chloritic chert
might have especially close genetic relations to mafic volcanics, and red chert to manganese
deposits. Felsic tuffaceous chert should be felsic tuff itself.
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Fig. 1. Geotectonic division of the Kitakami Mountains.

1. Taro Fault, 2. Kuzumaki Fault, 3. Yokozawa Fault, 4.

Oguni Fault. In this paper The North Kitakami Mountains

are defined as being situated on the north of the Yokozawa

Fault.
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Table 1. Classification of cherts of the North Kitakami Mountains.
i | W OB B £ oM E B B 1 =z
Classification Naked-Eye Observation Microscopic Observation Remarks

BT ¥ — b BIRE - [REE - ALB6E N ¢ AR BXAE
_Light-colored chert __ | Lightgray tomilky gray ___ | Withveryfinequartz ___________ | Haed ___
BEF v — b R R G722\ LI E, M EAISmEEt 21
_Dark-colored chert  __ | Dark gray to dark brown __ _ | With very fine colored minerals (Haed
REF ¥ — b RERVLFEE PERL7R FRERGLASBRAE BRIE(~ v A GLIRIZE D)

Red chert Red to reddish brown With very fine hematite Hard (accompanied by Mn deposits)
BEAETv— b BEF v — b & OXBIREE HERLEE TR OBRIER H D EXFR

_Chloriticchert | Similar to dark-colored chert | With fine scales of chlorite || Hard ___________________
EREEKEF Y — b |REFY— & OXBIBRE B ORHR A #E S0 IRTE EXIE

_Felsic tuffaceous chert | Similar to light-colored chert | With euhedral plagioclase _________ || Hard _____ __________.___
BIREF ¥ — b BT v — b & OXRIREE FREEED 227

Calcareous chert Similar to light-colored chert | With calcite Hard

HEERE BEF v — b & ORPIEEE Fr— b EREDREM THEREEL | OREB(~—THEY 23
Siliceous mudstone Similar to dark-colored chert | Chert and mudstone with Radiolaria Less hard (scratched with hammer)
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Fig. 2. Comparison of average chemical composition of cherts in the North Kitakami Mountains and
related rocks. Lch, light-colored chert; Dch, dark-colored chert; Rch, red chert; Cle, chloritic chert; Ftc, felsic
tuffaceous chert; Cac, calcareous chert; Smd, siliceous mudstone; Imd, mudstone of Iwaizumi Belt (Yoshii

et al., 1990) ; Nmd, mudstone of the North Kitakami Belt (do.); Chc, chert in the Chichibu Belt Central Japan
(Matsumoto and Tijima, 1983).
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Table 2. Average chemical composition of cherts and related rocks in the North Kitakami Mountains.

BEF¥— b BEFx— b REF ¥ — b BEFTET ¥ — b [ERRBEKRET ¥ — M BREF+—t
Light-Colored Chert |Dark-Colored Chert Red Chert Chloritic Chert | Felsic Tuff. Chert |Calc. Chert
Component Ave Std N Ave Std N Ave Std N Ave Std N Ave Std N Ave N
Al20sf 0.93% 0.65% 24| 1.38 0.85 23| 1.83 1.45 7| 5.48 2.11 6] 13.89 1.24 5f 0.42 1
TiO2{ 0.03 0.03 24| 0.06 0.06 23] 0.15 0.18 71 0.14 0.06 6] 0.25 0.12 5[ 0.01 1
Fe:0s"' 0.51 0. 40 351 0.82 0.68 24 1.45 0.97 13 1.50 0.33 10 1.78 0.65 5] 0.29 1
MnO[ 0.04 0. 06 35| 0.08 0.14 24 0.11 0.11 13 0.14 0.10 10 0.09 0.07 5 0.12 1
MgO] 0.15 0.14 241 0.29 0.24 23] 0.37 0.36 71 0.50 0.19 6/ 0.63 0.27 5| 0.15 1
Ca0| 0.10 0.30 241 0.08 0.09 23] 0.17 0.24 71 0.17 0.07 6] 0.99 0.42 51 2.12 1
Naz:0| 0.07 0.12 351 0.08 0.11 241 0.19 0.35 13| 0.75 0.85 10 3.51 1.76 5{ 0.02 1
K0l 0.21 0.18 34 0.30 0.22 24| 0.41 0.35 13 0.87 0.46 10] 4.04 2.92 3} 0.12 1
Total| 2.03 3.09 4. 68 9.55 25.18 3.25
Zn| 12 ppm 9 ppm .40 19 13 28 22 15 13 36 28 11 32 12 5 11 1
Pbl 3 3 24 5 4 13 4 2 10 8 5 10 21 1 2 2 1
Cu| 17 12 40 25 18 28 16 12 13 37 21 11 10 3 5 12 1
Ni| 25 16 40 32 18 28 46 35 13 72 55 11 29 14 5 22 1
Col 3 3 40 4 4 28 8 4 13 9 6 11 7 3 5 2 1
Cr| 40 33 29 69 41 27 53 13 7 81 40 7 88 49 5 17 1
vl 7 6 29 11 11 27 12 6 7 29 27 7 24 13 5 1 1
Li} 6 5 29 19 13 17 42 74 10 22 11 10 21 19 2 6 1
Ba|180 357 24 183 345 21 169 127 7 285 161 6 487 274 5 24 1
Fex0s/A120s 0.55 0.59 0.79 0.27 0.13 0. 69
AL/ (Al+Fe+Mg)™ 0. 59 0. 56 0. 50 0.73 0.85 0. 49
Mn0/A1:03| 0.042 0. 057 0. 059 0. 025 0. 006 0.286
MnO/Fe:0s| 0.077 0. 097 0.074 0. 090 0. 050 0.414
Mg0/Fe203 0.29 0.35 0. 26 0.33 0. 35 0. 52
Ave, average; Std, standard deviation; N, number of samples
*! total Fex0s, ** Al20s/(Al20s + total Fe:0s + Mg0)
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Table 2. Average chemical composmon of cherts and related rocks in the North Kitakami Mountains

1E)

(continued) .
EERE BRERE eEdt ERRE BLEFv—h EHEERE LS
Siliceous Mudstone | Iwaizumi Mudstone™| N.Kitakami Mudstone™ | Chichibu Chert* |Mafic Volcanic Rock
Component Ave Std N Ave Std N Ave Std N Ave/N=31 Ave Std N
Al:0s] 9.93% 3.52% 19] 17.35 2.54 16| 17.69  1.43 7 2.53 14.68 3.99 9
TiOz{ 0.27 0.13 19 0.57 0.13 16| 0.68 0.11 7 0.13 2.30 1.38 9
Fe:0:"'| 2.84 1.08 19] 4.49 1.19 16 5.61 5.61 7 1. 26 10.92 4.58 9
MnO| 0.15 0.07 19 0.05 0.02 16 0.08 0.03 7 0.04 0.13 0.06 9
MgO| 0.84 0.39 19 1.37 0.28 16| 1.96  0.38 9 0.59 6.13 5.23 9
Ca0| 0.26 0.15 19 0.71 0.71 16| 1.17  0.71 7 0.13 8.00 8.76 9
Na:0] 1.74 1.13 19] 1.89 0.79 16f 2.69 1.04 9 0.27 2.92 2.81 9
K20} 2. 68 1. 37 19] 3.68 0.92 14/ 3.71 0.63 9 0.66 1.88 1.93 9
Total| 18.72 30. 11 33.59 ) 5.61 46. 96
Zn| 56 ppm 20 ppm 26 63 16 34 88 46 24 29 134 70 21
Pb| 16 10 15 20 9 31 22 1 20 7 8
Cu| 29 17 26 18 13 34 33 20 24 34 63 84 21
Ni| 34 13 26 15 9 34 26 20 24 20 123 107 21
Col 13 7 26 7 4 34 13 7 24 52 21 21
Cr| 64 33 26 46 18 34 48 22 23 5 216 164 21
V| 49 31 26 73 31 34 108 31 23 18 212 77 21
Li| 32 14 25 49 14 31 39 13 24 46 32 20
Ba|433 277 16 289 187 153 9
Fe20s/A120s 0.29 0.26 0.32 0. 50 0.74
Al/ (Al+Fe+Mg) * 0.73 0.75 0.70 0. 58 0. 46
MnO/A1:0sf 0.015 0. 003 0. 005 0.016 0. 009
MnO/Fez0s] 0.053 0.011 0.014 0.032 0.012
Mg0/Fe:0s 0. 30 0.31 0. 35 0. 47 0.56
Ave, average; Std, standard deviation; N, number of samples
* total Fe:0s, *2 Al:0s/(Al20s + total FeeOs + Mg0), * Yoshii et al. (1990), ™ Matsumoto and Iijima (1983)
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fEFr— b Light-Colored Chert BfEFv—b Dark—Colored Chert FEFw—FF Red Chert HHES Siliceous Mudstone
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Fig. 3. Correlations between Al,O, (x-axis) and major and trace elements for cherts and siliceous mudstone.
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a. A Fr—h Light-Colored Chert

Ti02{ Fe20s MgO K20 n Cr \
0.92] 0.87] 0.92] 0.89] 0.81 Al20s
0.90] 0.93] 0.92] 0.90 Ti02
0.90 0.84 Fe203
0.87] 0.94 MgO
0.82 Ni
0. 83|Co

b. &€ F+—hk Dark—Colored Chert

[ Ti02] Fe203] MnO] MgO]  Ke0 Zn Co Li Ba
0.80] 0.84 0.87] 0.91] 0.81] 0.84] 0.91 AL20s
0. 85 0.82 Ti02
0.97 0. 90 Fe203
0.89 MnO
0.90] 0.81 Mg0
0. 80 0.87 K20
0.83 7n
0.94[Pb
c. 7R F¥—h Red Chert
Ti0z2) Fe20s MgO Ca0| Na20 K20 Zn Pb Ni \ Li Ba
0.98] 0.87] 0.99] 0.84 0.88] 0.97] 0.94 0.88] 1.00] 0.87[Al20s
0.92] 0.97] 0.81 0.90] 0.97] 0.84 0.94] 0.96 Ti0z
0.89 0.89 Fez03
0.91] 0.99] 0.91 0.89] 0.99] 0.85[Mg0
0.96 0.95] 0.86]Cal
0.81] 0.88 K20
0. 89 In
0.90[Pb
0.90] -0.85 Cu
0.91 v
d. #EREFv—b Chloritic Chert
Fe203 Mg0 K20 Pb Ni " Co Cr Vv Li Ba
0.88] 0.90 0. 98]AL20s
0.85] 0.80 Ti0z
0.87 Fe203
0. 80 0. 83|Mn0
0.97 0.86 Mg0
0.94 0. 90[Naz0
0.86 K20
0. 95|Pb
0.81 Cu
0. 80 Ni
—0. 80 Cr

e. EE RS Siliceous Mudstone

Fe20s MgO K20 Zn ) Ba
0.86 Al20s
0.93] 0.88 0.87 Ti02
0.94 0.81 Fe20s
0.83 Mg0
0. 92{K20

B3R BERESy— PRUBEEREOROHEE (HExiE0.801) R3S DM
Table 3. Pairs of chemical components with high correlation coefficients (absolute 0.8 or more) in cherts
and siliceous mudstone of the Iwaizumi Belt.
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Appendix 1.

BB Fv—F Light-Colored Chert

e B D F ¥ — b R UEERE OLFESHTE

Chemical analyses of cherts and siliceous mudstone of the North Kitakami Mountains. Analyst: H. Goto.

oHE

TRBRER

No.| HUER | SREmaE[ALO (%) Ti0 (%) Fex0s(w*| Mn0 (%) Mg0 (% Ca0 ()| Na20 (%) K0 (%) Total (%)[Zn (ppm) Pb_(ppm) Cu (ppm) Ni (ppm) Co (ppm) [Cr (ppm) Y (ppm) Li (ppm) Ba (ppm)
3-14| k&AL B 0.00 18 13 15 2 2 5 5
14-4A i 0.00 26 13 27 7 8 17 10
14-4B i 0.00 27 26 42 7 9 17 19
14-24 " 0.00 28 10 21 4 5 11 8
14-17 i 0.00 8 0 3 0 0 0 2
CH3 ] 1.97 0.06 1.29 0.14 0.43 0.14 0.13 0.37 4,53 19 45 41 9 79 20 64
CH4 i 1. 11 0.03 0.55 0.03 0.25 0.03 0.14 0.23 2.37 13 21 21 1 61 12 64
CH7B i 1.46 0.08 1.63 0.05 0.23 0.08 0.09 0.25 3.87 40 13 38 8 24 14 164
CH7C " 0.65 0.03 0.54 0.02 0.05 0.01 0.08 0.14 1.52 6 4 12 1 34 4 155
CH7D [ 1.08 0.05 0.52 0.01 0.05 0.01 0.04 0.35 2.11 6 14 10 1 27 5 254
CH8|At#Rdt B 0.91 0.03 0.48 0. 36 0.29 1.48 0.04 0.25 3.84 18 14 32 8 54 8 34
4-53| ER KRB 0. 44 0.01 0.01 0.13 0.59 8 4 22 54 2 8
5-652 " n 0.72 0. 02 0.28 0.07 0.17 0.06 0.03 0.17 1.52 14 4 11 37 5 100 5 9 47
5-653 " n 0.33 0.01 0.14 0.04 0.08 0.03 0.02 0.11 0.76 6 1 36 9 0 32 2 4 59
6-409 " i 0.68 0.02 0. 40 0.01 0.15 0.10 0.06 0.13 1.55 9 1 13 11 2 12 6 6 84
6-442 " " 1.07 0.02 0.37 0.01 0. 06 0.01 0.04 0.28 1.86 5 7 7 2 7 5 67
4-42 " A8 1.44 0.05 0.14 0.15 1.78 30 5 29 54 3 4
5-665 " " 0.52 0. 04 0.01 0.27 0.84 14 4 22 24 3 25
5-1422 " " 0.15 0.01 0.53 0.01 0.01 0.01 0.01 0.02 0.75 3 1 14 25 1 93 3 1 22
5-1432 " n 0.60 0.02 0.14 0.00 0.05 0.01 0.01 0.17 1. 00 4 1 5 9 1 7 5 7 209
5-631 " )] 0.24 0.01 0.15 0.00 0.01 0.01 0.03 0.01 0. 46 5 1 10 21 0 19 1 1 1803
5-642 " n 0.25 0.01 0.14 0. 00 0.01 0.01 0.08 0.08 0.58 2 4 4 13 0 53 9 2 17
' 6-305 " " 0.51 0.02 0.21 0. 02 0.06 0.01 0.05 0.88 7 1 6 8 0 32 2 7 109
4 6-328 i " 0.96 0.05 0.35 0. 02 0.10 0.02 0.03 0.27 1. 80 11 1 10 17 1 25 6 6 431
«© 6-492 " " 0.85 0.01 0.30 0.01 0.11 0.01 0.05 0.20 1.54 7 9 9 0 12 2 96
' 4-144 [ " 0. 48 0.01 0.02 0.15 0. 66 8 4 22 62 5 3
4-441 " i 0.58 0.01 0.01 0.12 0.72 4 3 19 44 2 2
4-471 " " 1.08 0. 02 0.01 0.24 1.35 14 4 43 64 8 7
4-476 " " 0.14 0.01 0.01 0.12 0.28 6 4 10 8 1 1
4-516 n n 0. 40 0.01 0.01 0.13 0.55 6 1 15 40 1 4
4-521 n BafE 0. 60 0.05 0.01 0.15 0.81 8 4 13 12 4 6
4-524 " " 0.16 0.05 0.01 0. 09 0.31 8 2 11 20 6 7
4-529 n " 0. 40 0.01 0.01 0.03 0.45 5 14 18 32 2 7
5-1411 M " 0.63 0.02 0.11 0.01 0.03 0.01 0.02 0.17 1.00 3 1 5 16 1 13 2 2 78
6-659 " n 1. 87 0.05 0,57 0. 09 0.23 0.12 0.74 0.14 3.81 7 4 12 17 1 75 8 4 59
CHI4A " " 1.17 0.07 0.51 0.09 0.27 0.05 0.08 0.29 2.53 16 60 35 9 88 19 106
CH14B n " 3.05 0.15 1.49 0.07 0.57 0.07 0.15 0. 85 6. 40 34 35 50 6 103 15 106
6-90 n BEIRE 0.89 0.03 0.23 0.00 0.08 0.05 0.05 0.23 1.56 7 1 14 16 1 49 4 8 116
6-93 ” ” 0.63 0.02 0.43 0.01 0.13 0.04 0.05 0.14 1.45 12 1 16 23 1 75 3 6 102
CHI2| HME®E 0.48 0.01 0.16 0.02 0.06 0.01 0.02 0.79 1.55 4 14 20 1 68 3 69

* total Fex0s
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& F+—b Dark—Colored Chert

No.| HWEW |[ERTEE[AL0 % Til» (%) Fex03(%)'| MnO (% Mg0 (% Ca0 (%[ Na20 (% K:0 (%) Total (%) [Zn (ppm) Pb_(ppm) Cu (ppm) Ni_(ppm) Co (ppm) ICr (ppm) V (ppm) Li (ppm) Ba (ppm)
14-16A| AL AL £ 0.00 34 87 25 10 17 32 30
14-16B i 0.00 35 33 21 12 21 47 36
14-18 U 0. 00 20 4 17 3 1 2 8
14-23 i 0. 00 32 29 24 8 5 11 9
CH6 " 0.24 0.01 0.42 0. 05 0.05 0. 06 0.04 0.06 0.93 6 28 23 1 60 3 26
CH9 n 0.92 0.03 0.32 0. 00 0.12 0.01 0.04 0.23 1.67 4 14 14 0 54 4 44
6-424| ERE KRR 1. 88 0.09 2. 46 0.12 0. 87 0.09 0.01 0.23 5.75 21 16 52 21 13 44 18 22 390
5-661 " A 1.35 0.07 0. 60 0.03 0.24 0.07 0.03 0. 30 2.69 12 24 22 2 68 8 1607
5-414 " 0. 49 0.01 0.31 0. 00 0.05 0.01 0.00 0.11 0.98 3 3 11 27 1 103 17 4 31
5-614 i I 0.76 0.02 0. 47 0.03 0.17 0.01 0. 00 0.17 1.63 11 4 13 40 2 51 4 11 56
5-618 " B s 1.71 0.07 0. 84 0.20 0.39 0.11 0. 06 0.45 3.83 23 4 21 50 8 125 14 20 96
5-632 " i 1.61 0.05 0.78 0.02 0.31 0.05 0.05 0. 46 3.33 19 2 29 43 3 111 10 24 71
5-633 " i 3.47 0.13 1.84 0.16 0.76 0.04 0.23 0. 88 7.51 39 6 43 60 12 109 15 50 110
5-634 [ i 1.94 0.07 1.24 0.02 0.49 0.07 0.29 0. 33 4.45 24 2 14 44 4 106 17 28 31
5-6668 " " 2.55 0.08 1,96 0.08 0.61 0.12 0.13 0.41 5.94 32 5 29 45 8 112 13 28 86
4-477B " n 0. 54 0. 07 0. 03 0.12 0.76 5 4 32 100 4 4
6-685 " i 2.84 0.27 1.82 0.28 0.55 0.23 0.03 0. 66 6. 68 42 5 13 45 14 37 10 20 90
5-666A " i 1. 14 0.05 0.73 0.02 0.22 0. 04 0. 06 0.23 2.49 12 22 24 2 85 6 47
CH14C " " 1.79 0.07 0. 84 0.04 0.39 0.38 0.06 0. 46 4,03 20 28 31 3 109 6 59
CH21 " " 0.67 0.01 0.15 0.04 0. 05 0.01 0. 06 0. 20 1.19 4 4 27 1 95 2 316
5-466 " EHIRRE 1.24 0.05 0. 66 0.01 0.17 0.08 0.18 0.22 2.61 19 4 40 36 1 142 6 15 71
6-26 " n 0.49 0.01 0.24 0.01 0. 06 0.02 0.04 0.13 1. 00 8 12 12 12 1 35 2 5 408
6-29 i U 0.55 0.01 0.18 0.00 0.03 0.02 0.01 0. 06 0. 86 6 2 10 6 0 27 3 4 87
6-89 i i 1.30 0.05 0.38 0.01 0.19 0.15 0.07 0.37 2,52 45 28 18 2 49 7 126
CHI1A| HEH 2.39 0.11 1.86 0.63 0. 46 0.14 0.49 0.71 6. 79 34 43 36 0 71 30
CH26A " 0.58 0.03 0.14 0.01 0.07 0.02 0.01 0.12 0.98 2 2 20 1 72 4
CH26B " 1.38 0.05 0. 64 0.02 0.28 0.11 0.03 0.24 2.75 11 12 40 2 131 8 62
CH27 l 0. 47 0.02 0.20 0. 05 0.10 0.05 0.01 0.09 0.99 8 9 28 2 25 3 35

* total Fex0s
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F*F+—k Red Chert

No. R %%%%E Al20s (%) TiO2 (%) Fe203(%)*| MnO (%) MgO (%) Ca0 (%)| Nax0 (% K20 (% Total (%) |Zn (ppm) Pb (ppm) Cu (ppm) Ni (ppm) Co (ppm) [Cr (ppm) V (ppm) Li (ppm) Ba (ppm)
CH7A [dbERdE L& 1.34 0.09 2.46 0.02 0.10 0.02 0. 04 0. 55 4. 62 12 e 11 27 2 46 14 250 250
5-523| AR | KRB 1.75 0.09 1.12 0.12 0. 44 0.10 0.11 0.34 4,07 19 4 17 34 6 33 7 18 231
5-625 i BB 4.62 0. 49 2.37 0.02 1.01 0.71 1.28 0.72  11.22 41 6 2 30 11 42 22 32 385
6-691 ] n 2.77 0.31 1.86 0.08 0.68 0. 07 0.13 0.83 6.73 34 4 7 26 7 59 17 22 110
4-145 i " 1.97 0.38 0.38 1.18 3.91 29 8 23 64 12 37
4-166 " " 3.66 0.04 0.01 0.18 3.89 6 6 25 70 6 3
4-436 " n 0.76 0. 06 0.03 0.36 1.21 26 4 7 34 8 11
4-520 " " 1.18 0.01 0.01 0.12 1.32 6 1 49 150 8 2
4-1101 " ] 0.98 0. 30 0.03 0.31 1.62 36 4 23 26 12 20
4-1102 n n 0.31 0.07 0. 09 0.55 1.02 50 6 14 52 14 25
CHI7A i I 0.90 0.04 0.45 0.12 0. 20 0. 07 0.01 0.03 1.82 10 10 30 2 59 10 112
CH18 " " 1.19 0. 06 0. 57 0.14 0.15 0.12 0. 06 0.17 2.46 11 13 27 ¢4 70 5 85
CH19A [ ] 0.27 0. 00 111 0.04 0.02 0.07 0.34 0.00 1.85 3 8 23 7 60 8 9

* total Fe20s

B/ 8 Fy—hk Chloritic Chert

No.| VAW | BEREAEALO: (%) 1102 (%) Fex0s(%)'] MO (%) Mg0 (9 Ca0 (%)] Naz0 (%) K20 (% Total (% |Zn (ppm Pb (ppm Cu (ppm Ni_(ppm Co (opm JCr (opm V (ppm Li (ppm) Ba (ppm
14-2| L EpAL % i 0. 00 120 59 55 24 37 86 41
5-517| AR# | KNRMARE 6. 88 0.20 1.98 0.21 0. 66 0.10 0.98 1.53  12.54 40 12 46 28 8 73 30 32 342
5-657 i noo 5.19 0.08 1.10 0. 06 0.37 0.22 1.54 0. 80 9.36 28 14 18 14 3 38 8 26 285
5-663 n " 8.30 0.10 1.01 0.36 0.26 0.20 2.76 1.43  14.42 24 18 9 34 3 120 29 14 540
6-415 I i 5. 02 0.19 1.65 0.117 0.78 0.12 0.55 1.24 9.72 31 8 23 34 12 58 18 34 238
4-30 " AT 1.30 0.15 0. 07 0. 48 2.00 20 4 54 120 6 14
4-32 " " 1.46 0.18 0.12 0.58 2.34 32 8 65 120 12 16
4-92 " " 1.96 0. 06 0.46 0.70 3.18 29 6 52 156 10 11
4-94 " " 1.70 0.04 0.05 0.36 2.15 21 4 55 156 6 13
CH23 " " 5. 50 0.19 1.48 0. 06 0.49 0.26 0.74 1.29 10.01 25 12 27 6 100 20 262
5-616 " ] 2. 00 0.09 1.35 0.06 0.44 0.10 0.24 0.33 4. 61 26 4 16 48 5 138 11 16 43

* total Fex0s

HRYE BN E Fr—b Felsic Tuffaceous Chert

No. ] #VE® [EREEE[ALO % Ti0: % Fels®*| Mn0 (%) Mg0 % Cal (%)| Na20 (%) K20 (%) Total (%)]Zn (ppm) Pb (ppm) Cu (ppm) Ni_(ppm) Co (ppm)|Cr (ppm) V (ppm) Li (ppm Ba (ppm)
6-318| EHR® BfE 13.59 0.25 2.37 0.17 0.86 1.18 1.75 6.08  26.25 49 20 11 14 7 30 25 34 584
5-636 " i 12. 60 0.09 1.01 0. 04 0.19 0.28 6. 43 0.69  21.33 28 22 10 53 2 160 4 7 115
5-478 " AHEE 15.93 0.21 1.32 0.01 0. 67 1.31 3.61 5.34  28.40 16 14 29 5 67 25 868
CHI3A| HEE# 13.37 0.28 1.66 0.08 0. 58 0.94 3.05 19.96 31 10 23 8 76 26 406
CH13B ] 13.98 0.43 2. 52 0.14 0. 85 1.22 2.73 21.87 38 7 28 11 105 40 464

* total Fe:Os

A REF+—b Calcarecous Chert

No.| WE = | ERE&E A0 0 Ti0s (%) Fes0s(h'] MnO (%) Mg (%) Ca0 (%] NasO ) K0 (%) Total (%) |Zn (ppm Pb (ppm) Cu (ppm) Ni_(ppm) Co (ppm Jor (ppm YV (ppm) Li (ppm Ba (ppm

5-654] EHRE | ARME | 0.42 0.01 0.29]  0.12 0.15 2,120 0.02 0.12 3. 25 11 2 12 22 2] 17 1 6 24

* total Fe0s
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B fe s Siliceous Mudstone

No. | WEE | ERealg| AL (%) Ti07 (%) Fex03(%)'] Mn0 W) Mg %) CaO (W] Na0 (%) K20 (%) Total (%)1Zn (ppm) Pb (ppm) Cu (ppm) Ni (ppm) Co (ppm) [Cr (ppm) V (ppm) Li (ppm) Ba (ppm)
KT32A| LERIL_E# 12.96 0.52 3. 42 0.15 1.21 0.22 2.22 2.64 23,34 78 48 21 11 45 107 33
KT51C " 11.41 0.43 4,59 0.15 1.47 0.20 1.81 2.18 22,24 76 20 24 16 36 91 31

KT56 " 12,52 0.50 4.21 0.19 1.26 0. 61 2.55 2.28 24,12 75 28 26 17 38 98 34
11-136A i 0. 00 55 28 16 8 23 43 41
11-136B u 0.00 59 38 21 13 32 71 44
11-151 " 0. 00 72 68 33 14 33 81 29
KT60 n 0.00 95 42 41 31 35 75 30
KT174 " 0.00 87 43 38 26 37 71 33
14-20 1 0.00 78 41 60 28 32 69 49
590390 n 0.00 85 27 33 17 46 100 53
5-529| ERE | AKRMAE 8.08 0.21 2.77 0.19 0.76 0.10 0.93 2.08  15.12 50 55 41 13 100 24 410
5-651 1 n 4,87 0.17 1.59 0.12 0.49 0.07 0. 55 1.29 9.15 25 6 60 34 8 117 37 22 324
5-655 " " 3.20 0.14 1.41 0.13 0.52 0.14 0.57 0.55 6. 66 38 6 12 53 14 122 11 25 90
5-656 " " 8.07 0.27 2.61 0.16 0.86 0.23 1.06 2.42  15.68 45 12 29 40 15 81 57 37 375
5-658 " n 15.13 0.12 1.72 0.10 0.51 0.37 4.49 3.27 25.71 45 32 7 30 2 51 4 34 642
6-421 ] [ 7.28 0.30 3.58 0.21 1.06 0.12 0. 64 2.41  15.60 39 29 16 37 20 61 34 66 309
5-407 " )] 13.35 0. 34 4.13 0.22 1.45 0.35 1.22 3.82  24.88 71 26 22 28 11 66 40 54 372
5-408 n i 14.78 0.24 3.14 0.07 0.78 0.38 1.93 5.55  26.87 54 20 16 18 5 52 29 28 1008
5-621 I n 11.33 0.09 1.09 0.02 0.21 0.22 2.90 4.49  20.35 20 18 7 41 2 89 7 17 781
5-622 " n 10. 40 0.20 2.25 0.06 0.50 0.30 1.88 4.04  19.63 33 16 11 37 5 88 18 26 574
5-635 ] EEIE] 11.05 0. 37 3.91 0.21 1.11 0.15 1.52 2.3¢  20.66 50 8 29 26 17 53 49 28 276
5-637 " " 10. 33 0.38 3.97 0.11 1.06 0. 41 1.94 2.50  20.70 63 14 35 61 13 156 51 29 227
6-325 n " 13.84 0.14 1.52 0.11 0.23 0.53 4,05 5.06  25.48 37 31 5 21 2 71 5 14 933
6-718 n n 7.16 0.24 3.16 0.18 1.09 0.20 1.22 1.03  14.28 53 10 32 23 11 53 29 18 154
\ 5-1401 ” " 4.55 0.21 2.04 0.35 0. 47 0.13 0.49 1.24 9.48 29 8 23 59 15 70 20 36 250
A 5-561 [ I 8. 45 0.33 2.80 0.12 0.96 0.21 1.09 .75 15.71 53 11 30 12 79 54 205
T * total Fex0s
* LT OREHIAZRZ A OESL7- Samples below are omitted in this paper.
J&A4tF+—k Weathered Chert .

No.| HEie |mRwaiE Al20s % Tilz (W Fe:03(%)'| MnO (%) Mg0 (%) CaO (%[ Nay0 (%  Ko0 (%) Total (%)|Zn (ppm) Pb (ppm) Cu (ppm) Ni (ppm) Co (ppm) [Cr (ppm) V (ppm) Li (ppm) Ba (ppm)
5-619] HRHE =] 1.57 0. 07 0.58 0.03 0.26 0.23 0.10 0. 40 3.24 17 2 12 45 2 75 19 12 143
4-446 " " 0.56 0. 01 0.01 0.21 0.79 12 2 11 26 2 4
4-511 " " 0.36 0.01 0.01 0.05 0.43 5 6 6 2 1 1
4-515 " " 0.80 0.01 0.02 0.19 1.02 18 2 17 12 3 3
4-525 " " 2.00 0.01 0.01 0.15 2.17 8 8 38 82 4 19
4-480 " " _ 1.21 0.01 0.02 0.24 1.48 18 32 31 14 2 14
5-468 " SHERE 1.95 0.08 0. 46/ 0.05 0. 34 0.24 0.15 0.65 3.92 7 7 20 18 1 49 11 13 171
4-482 " 0. 46 0.01 0.01 0.05 0.53 4 2 16 34 2 2

4-61 " 0. 62 0.02 0.02 0.08 0.74 6 1 32 110 4 5

* total Fex0a
FRE 2 F¥—hk Undefined Chert

No.| HhWEH [EREFEIAL0 W) Til2 %) Fe0s(®*| MnO % Mg0 (%) Ca0 (%] Na20 (%) K»0 (%) Total (%) [Zn (ppm) Pb (ppm) Cu (ppm) Ni_{(ppm) Co (ppm) [Cr (ppm) V (ppm) Li (ppm) Ba_(ppm)

12-432| 5L EH 0. 00 94 22 28 7 2 39 16

11-150B " 0. 00 50 7 24 9 42 62 26

14-21 ] 0. 00 29 3 23 5 7 21 7

14-5A " 0.00 16 10 13 4 2 5 8
5-660] HRH A 0. 69 0.03 0.38 0. 04 0.14 0.03 0.03 0.20 1.54 10 1 13 41 1 111 4 6 652

* total Fex0s
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Appendix 2. Correlation coefficients of chemical components of cherts and siliceous mudstone of the
Iwaizumi Belt.

a. W Fv—hk Light-Colored Chert

Ti02| Fe20s Mn0 Mg0 Ca0] Naz0 K20 Zn Pb Cu Ni Co Cr \ Li Ba
0.92| 0.87| 0.62] 0.92] 0.56] 0.51] 0.89] 0.81f{ 0.38] 0.37] 0.57] 0.54] 0.40] 0.63] 0.34] -0.20]A120s
0.90] 0.61] 0.93] 0.43] 0.29] 0.92] 0.90] 0.18/ 0.55] 0.73] 0.66] 0.50[ 0.76] 0.35| -0.11[Ti0
0.41] 0.90| 0.46] 0.23] 0.58 0.84! 0.28/ 0.55{ 0.67] 0.50] 0.59] 0.62] 0.09] -0. 18|Fe203
0.72] 0.63] 0.54] 0.40| 0.57] 0.14] 0.50] 0.17[ 0.58] 0.66] 0.66] 0.25] -0.24{Mn0
0.61; 0.35] 0.87} 0.94] 0.43] 0.59] 0.75] 0.71] 0.57[ 0.73] 0.53] -0.21[Mg0
0.69] 0.25] 0.43] 0.41] 0.29] 0.34] 0.38] 0.42] 0.42] 0.31] -0.23[Ca0
0.11) 0.14] 0.07] 0.00{ -0.05] -0.06{ 0.29] 0.26] —-0.10{ -0. 12[Na:0
0.71{ =0.21]1 0.38] 0.23] 0.43] 0.32] 0.61] 0.57] -0.22]K20
0.14] 0.56f 0.51] 0.54] 0.57] 0.65| 0.32 -0.10|Zn
0.21] 0.32] 0.26/ 0.55{ 0.70{ 0.15] —-0.24|Pb
0.57] 0.70{ 0.48] 0.70{ 0.18] -0.11|Cu
0.59] 0.82{ 0.62[ 0.02] 0.02[Ni
0.59] 0.83] 0.27{ -0.19|Co
0.531 0.07] ~0.26|Cr
0.13] 0. 24|V
~0. 24|Li
b. & F v — Dark~Colored Chert
Ti02| Fe203 MnO|  MgO Ca0| Na20 K20 Zn Pb Cu Ni Co Cr v Li Ba
0.80/ 0.84] 0.71] 0.87] 0.42] 0.52] 0.91] 0.81f 0.05 0.53[ 0.73] 0.84! 0.25| 0.55| ©.91| —0. 11|Al20s
0.70/ 0.85| 0.66] 0.50[ 0.16] 0.75] 0.72] 0.08] 0.24] 0.50] 0.82] -0.09] 0.35{ 0.50] -0.02[Ti02
0.64] 0.97] 0.30] 0.32] 0.59] 0.61] 0.45] 0.60] 0.24] 0.90{ 0.06{ 0.67] 0.72] -0.08[Fe20s
0.64] 0.35] 0.02] 0.67[ 0.55| 0.18] 0.18] 0.39] 0.89] -0.03] 0.39!/ 0.44] -0.09|Mn0
0.34)] 0.37] 0.67] 0.64) 0.41} 0.68] 0.56] 0.90] 0.12{ 0.70} 0.81] -0.06|Mg0
0.00] 0.43| 0.49! 0.06| 0.21] 0.15] 0.30{ 0.09] 0.04] 0.27[ -0.11|Ca0
0.45| 0.43{--0.22| 0.24{ 0.25] 0.16] 0.55{ 0.34] 0.68] —-0.22{Na20
0.80] -0.06] 0.34] 0.31] 0.69] 0.28] 0.38] 0.87] -0.11|K20
0.06] 0.38] 0.12] 0.64] 0.04] 0.36] 0.83] -0.21|Zn
0.45] -0.30] 0.41f -0.43] 0.09f 0.04{ 0.94|Pb
0.28] 0.47| 0.26] 0.43] 0.50{ 0.05/Cu
0.35] 0.61] 0.50| 0.24] -0.31(Ni
-0.04] 0.61] 0.65] -0.09/Co
0.33] 0.43] -0.23|Cr
0.53| -0. 11}V
-0.13[L1
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c. 77 Fr—h Red Chert

B

AERA®R GE8F E105

Ti02]| Fe20s MnO Mg0 Ca0| Na20 K20 In Pb Cu Ni Co Cr v Li Ba
0.98] 0.87] -0.49] 0.99] 0.84] 0.77] 0.881 0.97] 0.94] -0.60] 0.32] 0.76] -0.48] 0.88] 1.00| 0.87|Al:0s
0.92] -0.58] 0.97{ 0.81} 0.78] 0.90] 0.97] 0.84| -0.71] 0.16] 0.78/ —0.37| 0.94] 0.96] 0.77|Ti02
-0.08{ 0.89] 0.72] 0.35] 0.29f{ -0.10{ 0.37] 0.11] 0.18] 0.05] —0.46{ 0.89] —0.10{ 0.65|Fe203
~-0.48] -0.63] -0.11| 0.46] 0.24] 0.44] 0.11] -0.18] 0.31] 0.24] -0.70] 0.54] -0. 34|Mn0
0.77] 0.711 0.91] 0.99] 0.91] -0.56] 0.37] 0.74] -0.55] 0.89{ 0.99] 0.85|Mg0
0.96{ 0.51| 0.69{ 1.00{ -0.67] 0.24] 0.76[ -0.42] 0.74] 0.95| 0.86|Ca0
0.43] 0.36] 0.41] -0.41] -0.20] 0.34] -0.42| 0.76] 0.61] 0.75|Na20
0.69] 0.67} -0.17] -0.08] 0.59; -0.35] 0.81] 0.88] 0.60{K20
0.42] —0.34| -0.28{ 0.77] -0.45] 0.89f 0.76] 0.77iZn
-0.46] -0.43| 0.44] -0.17]1 0.76] 0.68] 0.90|Pb
0.90] 0.09] -0.09] -0.85] ~0.54| -0.32|Cu
0.12] -0.75[ 0.03] —0.52] 0.67|Ni
-0.48{ 0.73] 0.65] 0.62{Co
-0.30f 0.11] -0.75{Cr
0.91] 0.65]V
0. 74|Li
d. #iEH 8 F+—Fb Chloritic Chert
TiO2| Fe20s MnO MgO Ca0} Naz20 K20 Zn Pb Cu Ni Co Cr ) Li Ba
0.23] -0.04] 0.79] -0.17] 0.33] 0.79] 0.88] 0.18] 0.90| 0.13] -0.44| -0.11] -0.19] 0.79{ 0.07{ 0.98|A1203
0.85| 0.05! 0.80f -0.15] -0.40] 0.66] 0.57{ —=0.15] 0.54] -0.06] 0.78] —-0.24] 0.51] 0.79] 0.04|Ti0O
-0.28] 0.87| -0.55{ -0.50] 0.08] 0.52| -0.41] 0.53] 0.38] 0.64] -0.22] 0.37] 0.20] —0.23|Fe20s
-0.15] -0.12| 0.64f 0.59] 0.21 0.68] -0.13} -0.29] -0.01] 0.18/ 0.80} 0.14] 0.83]Mn0
-0.54] -0.66] 0.26] 0.68{ -0.51] 0.65{ 0.08] 0.97[ -0.41] 0.11{ 0.86] —0.33|Mg0
0.44 0.18] -0.60/ 0.76] -0.62| —0.59] -0.51| -0. 11} -0.10] -0.31] 0.38|Ca0
0.65[ 0.06] 0.94] -0.63} -0.59({ -0.54] 0.01] 0.43| 0.14] 0.90|Na20
0.50{ 0.77] -0.45| -0.66] 0.01] —0.25| 0.86] 0.62} 0.78|K20
0.30] 0.14] -0.33] 0.50] -0.47{ 0.37{ 0.67] 0.02{Zn
-0.54| —0.66] —0.37] -0.22{ 0.49] 0.32 0.95|Pb
0.81 0.55] —0.40] 0.36f -0.29] —0.03|Cu
0.35] 0.80] 0.08] —0.71] -0.40|Ni
-0.31] 0.17] 0.23] -0.25|Co
0.20] -0.80{ —0.12|Cr
0.05] 0.71|V
=0. 10|Li
e. EHEE Siliceous Mudstone
Ti02| Fe20s MnO MgO Ca0] Na20 K20 In Pb Cu Ni Co Cr v Li Ba
0.031 0.19] -0.42] 0.05] 0.79] 0.78] 0.86] 0.36] 0.72] -0.42| -0.57| —0.60{ ~0.41] —0. 16| —0.03] 0.75jAl20s
0.93] 0.37] 0.88] -0.01] -0.42] -0.16] 0.72{ -0.12] 0.23] 0.00} 0.65( 0.01] 0.87[ 0.50] —0.45|Ti02
0.36! 0.94] 0.06] -0.32] -0.02] 0.81] 0.05{ 0.24| -0.13{ 0.56] -0.14] 0.71] 0.54]| -0.31[Fe203
0.39] -0.41] -0.53] -0.51] 0.16] -0.21] 0.29] 0.25{ 0.70] -0.24] 0.24| 0.50] -0.54|Mn0
-0.07] -0.42] -0.20] 0.83] -0.01] 0.25{ -0.15] 0.61} -0.15| 0.74] 0.59] -0.48|Mg0
0.75] 0.73] 0.35{ 0.64] -0.50[ -0.29] -0.59] -0.09{ -0.19| -0.19] 0.61|Ca0
0.66{ -0.06[ 0.67[ -0.52] -0.35! -0.77{ -0.23] —0.53] -0.36] 0.70[Na20
0.05] 0.66] —0.47{ -0.47] -0.66] —0.30] -0.29] —0.08] 0.92|K:0
0.20] 0.11] -0.21} 0.27[ -0.08] 0.52] 0.34] -0.20{Zn
-0. 60| -0.42] -0.40[ -0.41] -0.35] 0.36] 0.59|Pb
0.16/ 0.35] 0.38] 0.42| -0.03[ -0.40|Cu
0.38] 0.70] 0.02] 0.11} -0.48|Ni
0.09] 0.61] 0.58] -0.77|Co
0.13] -0.23] -0.32[Cr
0.36] —0.48|V
-0. 27|Li
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