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IsriaARrA, Shunso, Sakamaki, Yukio, MocHizuki, Tsunekazu, TErRAsHiMA, Shigeru and Enpo,
Yuji (1981) Distribution of K, Na, Th and U in sandstones and shales from western
Shikoku, Japan. Bull. Geol. Surv. Japan, vol. 32(6), p. 329-342.

Abstract: Regional variation of K, Na, Th and U was studied on 58 sandstones, 81 shales and 3
green schists from sedimentary terrains across the western Shikoku district. The studied district
is underlain, from north to south, by Upper Cretaceous Izumi Group, Sambagawa metamorphic
rocks, upper Paleozoic-lower Mesozoic Chichibu and Sambosan Groups and Cretaceous-
Paleogene Shimanto Supergroup. The Shimanto Supergroup is divided into, from north to south,
the Lower Shimanto Group (Cretaceous) of the North Uwa, South Uwa and Nakasuji belts, and
the Upper Shimanto Group (Paleogene, locally Neogene) of the Nakasuji, Hiromi and Shimizu
belts.

Regional characteristics of the sedimentary rocks are best demonstrated on compositions
of the sandstones. Sandstones that have granitic and rhyolitic rocks in their source area and
that are deposited rapidly are rich in potassium (e.g., Izumi Group), whereas those derived
dominantly from mafic volcanic area have high Na contents (e.g., Chichibu Group). Sandstones
of the Shimanto Supergroup have intermediate values, and K (also K 4+ Na) contents become
low in the south where the younger, Upper Shimanto Group is exposed.

Th and U of both sandstone and shale are highest in the Izumi Group and generally low
in the Shimanto Supergroup. Black shale of the Shimanto Supergroup shows no U-anomaly.
Within each group, highly matured rocks give slightly higher Th/U ratio. It appears that the
amounts of radioactive elements are related to kind of the source rocks, maturity of the sediments
and rate of the sedimentation. The highly matured, poly-cyclic sediments contain the least
amount of the radioactive elements.

Radioactive anomalies were found by car-borne survey at three places in the Chichibu
and Sambosan belts. One is due to anomalous potassium contained in sericite, but the two
others owe their anomaly on uranium of black shale alternated in chert zone. Similar anomalies
were discovered in foot wall of bedded-type manganese deposits in the same zone. Basaltic
rocks are accompanied with the ore deposits. This uranium may have been precipitated from
seawater in euthenic environment developed locally during the submarine basaltic activities.
Possibility of anomalous concentration of sedimentary uranium may be the least in the Shimanto
Supergroup.

EVRYTVDORT VYV YT 4 BNMEP o e DITAR
ERTWAEWSDORELY, T ZICHET 5 HEELROF
fiiZ# DHEOP—MTH - T, HEEHRESRL LK
YDThB, EFH—FR—UREC LY RS EOKN

1. #

HEREF BT 2 BIHEO—2>Th oz, Wb
3 TS5 AERF] 131955 (BEFn30) 4EICHRE - 7208, #

il

ORI RO EEMEBITICRIT 5 v 7 v OETEED
OFELSFE, BEESNhk. SHORXVX —HECE
i, RN Y T VRECRRE HZ A, ZORED
BREVEN TH o2 L B¥b2 5. REO—HIIFR
BRI oW THERIZ» (1973) K- THRsh, %
e a5 H4id Kanava and Ismmmara (1975)
ELEDTARSN TS, FERERORERI, &

R OB

OO

HERMEATTON, 2V THEBRE O REROFKHAKUE
BT BTV S, TOBR—BER OB ST
SRR shiz, HIROBEICY > THIRO R LBE
xhiz.

HACR i 2Ry 5 IRENERShE B
B EER Y 5 VK, 372 b bHERRIGLR DR
st LT, TERAEMERS L LTOY 7 EREN
BWEEIW) 2EELL, ZOLEMICY T VEHEL

— 329 —




wEHRERA K

(E32% £6 %)

I
Miocene granitoids

[DII Upper SHIMANTO Group
o  Shale

93,

" (Upper)
3/5,316
3170 635

@3

0] 20km

3 RXHIROTA mine
e((O\M 8375 (

O (ock®
ow\f‘&ee

IN3330’

R, % 209302 5,286~ =~
- °© Sandstone - {Lower) . —— |
e Shale and Sandstone ATSUYAMA 283,284
Izymi Group) 205/&
( 2 D%:‘m 5

~ N\
¢ & 198Im A

» 238,239
0249 + ‘ + n

294 —]

Cu)_F N

0308

o120 errain} o —-
Y tanams = 9% 118 {CH\CH\BU T -~
" SN
023 ong © a8 o
T ectonic
—
L T 22790207 e ! + ]
gl
48
No{m ‘odo
047
o 046 J—
U A%/l @62’63"7’ T T ea4ds
L . 100,101 ) /059,60,61 43 .
) — —
ol — \j758 ° 056,57 4[?4j>
086 40
s (SHIMANTO Supergroup) %33
<% {3y 54,5 037
©83,84 095 ©52,53 .
081,82
°(South UWA Belt)
IN33°00" 92’913\)4\
K~ K
737, B 50
o9 % ST
"._SUKUMO% 04'5e\ @2
. 748 \y N\
bl
’, )
di 205120051 LN || |3
+ 1" FRR 4| L BN mEESOBEEY LA
.._i!»"}rf'l 245';2'5l gé!' &78 HE o BWALE
I A T AY -l!h Fig. | Geotectonic and stratigraphic
" (Miocene) - division of western Shikoku and
Misaki formation ) locality of the lyzed les.
Hae-ous Oupe Btz Two copper mines arc of the
|EI32°30’ | |E133°00’

BE 27 DBTHEWE & & L HERREDR 70T 5 Mk
PRET S| = L BB I0ERICRERICHE S h,

DM nici-oTo 7 VRERN ED b, RIE /I
i, BEPOOBHIAENY T VR D B Wil
CBBLCHEREBRET 2 LE22500Ths (R -
gk, 1969). Z DE 2 1T 1960ERICRTRNREED - 72 T A
VI RFNEESOHMBRICIIZALONT, TAV S
R 5k, [ERCREREHBRICRESETS 1L T

— 330

Besshi type.

B, ZOBBERIELhE] LOBRBERHS
TWiz.

FEAE A HURIC 1T 2 REBENMED o 70 2 L IiTESE
THDN, UIVHREBELTWE S e REL#OFEE
BEO SR, HEAESEL 4T3k il
PRV OEREICDL>TH—R— Vv REBSHTRY,
E 7P RS B AR CRIERAETE ORERRE cH LR
BRI CRAESh Tz (3B, 1969). LasLi




Wi, BEO K-Na-Th-U (FJK - Jo& - 27 - +8 - B

Do, ZhbOFECHEL CRER S WA
DHEREE RS ErtH D, NEEHTEBLE
SEIOHKSTRERME, FEEREHIRICR T 2 &P O
B b D Th B, HRICIERABEOREZRD S
T SR, 16k b ORERMERERT s ERICK
o, —F, TAVIERCBW TS, B—RAHY =
v 7 PBD T T T — ATk o THRERR R U 7 REN
BUOBALRY, ZOBBT kildvitIivrso
BRI T L GRHIR IR Ik Y v T Y TROBE Y
S UvEAEBILREEARR SN, ThiZY 7 0K
RO DHIBRISHIED TW5B (STUCKLESS et al., 1977).
T BROENY T VR TR b REREHI T
AVIKETHBERACTEE ) REECEDL-oTVWBEDT
b5

Z OEFUEBE O EENL — MR o THHERER
B —F—VvRAEEEREL, ZThRIVBRERE

BEREREORR LB 2 Lk, BlicHiR cRIRL
7B RSN T, K, Th, U 248471, HBRSEOKSE
HHEFMmE B 29 Likic, HERLHEMTRED
BErakELIS b33 b0Ths. SR, s
HCRESBEKBENESET 57201, EHEER T
5 ERFREN, FEARF VI VBRI b
i@ E R, ARHERAIER E 1 KicRT
BAFELF Y v 7 Lk, 19703 HlcEL
fe. TOWRBICEBLTC MBROVWTEFMET, H
PREREREE» AT E b oTe. EFEfico
WCHEER B FHEIEREPOCEELRIEREZY
feidnre.

2. MEHE &SRR

mEEROHBEAREE L RKIRT L 510, ko
~, TURHE, HRGRESRESY £ ZRIIE, TR

IR MEBHODALEBEOMLESINE
Table 1 Analytical data for the Izumi Group (Upper Cretaceous).

Sample No. Na,O (%) K0 (%) Th ppm) U (ppm) Nicerrs k UK (x10¢p  Th/U

Sandstone, Lower formation
70 S -286 3.00 3.00 8 2.1 0.40 0.84 3.8
293 3.05 3.48 7 2.1 0.43 0.73 3.3

Shale, Lower formation

70 S 285 1.61 4.51 14 3.4 0.65 0.91 4.1
294 1.96 3.71 n.d. 3.2 0. 56 1.04 —
309 1.55 3.60 13 3.9 0.61 1.30 3.3
310 2.07 3.10 11 2.9 0.50 1.13 3.8

Sandstone, Upper formation
705 -133 3.25 2.00 1.7 0.29 1.02 4.7
284 2.73 2.40 2.1 0.37 1.06 4.3
313 1.95 3.02 1.7 0.51 0.68 5.3
316 2.37 2.50 10 1.6 0.41 0.77 6.3

Shale, Upper formation

708 -134 1.75 3.60 n.d. 2.6 0.58 0.87 —
201 1.05 3.60 13 3.3 0.69 1.10 3.9
203 2.00 3.22 n.d. 2.9 0.51 1.09 —
283 1.74 4.30 n.d. 3.5 0.62 0.98 —
295 1.75 3.02 17 2.9 0.53 1.16 5.9
311 1.15 4.62 16 4.0 0.73 1.04 4.0
312 1.20 3.06 n.d. 2.6 0.63 1.02 —
314 1.62 3.67 n.d. 3.2 0.60 1.05 —
315 1.75 4.00 13 3.6 0.60 1.08 3.6
317 2.11 3.41 n.d. 2.9 0.52 1.03 —
318 1.93 3.76 n.d. 3.2 0.56 1.03 —

Na,O and K,O, analyzed by atomic absorption method (analyst, S.T.); Th by colorimetric method and U by fluorescent method
(analyst, T. M. ). NicoLr’s k, molar K;O/K,;0+Na,O. n.d., not determined. .
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Table 2 Analytical data for rocks from the Sambagawa, Chichibu and Sambosan belts
(upper Paleozoic to lower Mesozoic).

Sample No. Na,O (%) K,0 (%) Th (ppm) U (ppm) Ncorrsk U[K (x10-¢)y Th/U
Sambagawa metamorphic rocks
70S-130 2.52 1.40 3 0.6 0.27 0. 52 5.0
270 2.51 2.65 8 2.1 0.41 0.96 3.8
275 2.51 3.09 9 2.1 0.45 0.82 4.3
Sandstone, Chichibu Group
708 -114 6.04 0.25 2 0.4 0.03 1.91 5.0
117 5.62 0.54 6 1.3 0.06 2.89 4.6
119 4.18 2.17 13 1.7 0.25 0.94 7.7
120 4.73 1.20 6 1.5 0.14 1.50 4.0
239 5.00 1.86 9 2.1 0.20 1.36 4.3
Shale, Chichibu Group
705-118 3.55 2.20 11 2.8 0.29 1.53 3.9
213*3 0.10 2.65 9 10.0 0.95 4.55 0.9
231%t 2.14 3.22 13 2.4 0.50 0.90 5.4
238%2 2.54 3.01 8 2.0 0.44 0.80 4.0
249 2.35 3.12 12 2.8 0.47 1.08 4.3
255% 2.58 2.86 7 2.1 0.42 0.89 3.3
308%2 0.35 8.11 12 2.6 0.94 0.39 4.6
Sandstone, Sambosan Group '
70 S -207 3.00 2.41 10 1.4 0.35 0.70 7.1
212 3.22 2.31 10 2.6 0.29 1.35 3.9
Shale, Sambosan Group
211 2.15 3.83 18 4.1 0. 54 1.29 4.4
22743 1.15 3.20 17 4.1 - 0.65 1. 54 4.1
245 2.11 3.05 11 2.5 0.49 0.99 4.1

Samples for the Sambagawa metamorphic rocks: 70S-130, epidote green schist more than black schist; 705-270, quartz schist
much more than black schist; 70S-275, quartz schist more than black schist. ¥1, phyllitic; *2, calcareous; *3, 70S-213, coaly and
radioactive; 70S-308, sericite (~quartz-calcite) rock and radioactive; 708-227, cherty and radioactive.
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Table 3 Analytical data for rocks from the Lower Shimanto Group (Cretaceous).

Sample No. Na,O (%) K,O (%) Th (ppm) U (ppm) Nigerrsk UJ/K (x10-¢) Th/U
Sandstone, North Uwa belt (Lower to Upper Cretaceous)
705 - 49 3.63 2.26 7 1.2 0.29 0.64 5.8
65 4.37 2.06 7 0.9 0.24 0.53 7.8
67 3.91 2.27 8 1.1 0.28 0.59 7.3
78 3.60 1.27 9 1.3 0.19 1.24 6.9
80 4.17 2.40 6 1.6 0.28 0.80 3.8
81 4.90 1. 04 7 1.2 0.12 1.40 5.8
83 3.78 1.97 7 1.2 0.26 0.73 5.8
95 3.32 4.08 9 1.6 0.45 0.47 5.6
98 4.18 2.51 8 1.2 0.28 0.58 6.7
100 3.41 2.98 8 1.4 0.37 0. 57 5.7
102 3.39 2.07 7 1.2 0.29 0.70 5.8
104 3.52 2.15 4 1.1 0.29 0.62 3.6
106 4.42 2.07 5 0.9 0.24 0.52 5.6
108 ) 3.26 2.87 7 1.2 0.37 0.51 5.8
110 3.03 2.04 6 0.8 0.31 0. 47 7.5
Shale, North Uwa belt (Lower to Upper Cretaceous)
708 - 48 .71 2.69 n.d. 2.2 0.51 0.99 —
62 0.96 2.33 n.d. 5.6 0.62 2.90 —
63 1.61 3.40 11 1.6 0.58 0.57 6.9
64 1.15 2.97 n.d. 1.9 0.63 0.77 —
66 2.56 2.32 n.d. 1.7 0.37 0.88 —
68 1.57 3.44 n.d. 2.2 0.59 0.77 —
69 2.81 2.22 8 1.5 0.34 0.82 5.3
101 2.18 4.83 12 3.3 0.59 0.82 3.6
103 2.00 2.71 n.d. 2.2 0.47 0.98 —
105 1.69 3.25 11 1.8 0. 56 0.67 6.1
107 2.42 3.87 n.d. 3.1 0.51 0.97 —
109 1.80 2.86 8 1.7 0.51 0.72 4.7
Sandstone, South Uwa belt (Upper Cretaceous)
708 - 34 3.63 2.08 9 1.2 0.27 0.69 7.5
37 3.54 2.33 10 1.1 0.30 0.57 9.1
39 4.77 2.26 7 1.2 0.24 0.64 5.8
40 4.10 2.05 5 0.8 0.25 0.47 6.3
41 3.66 2.45 6 1.0 0.31 0.49 6.0
44 2.7 2.26 6 1.2 0.35 0.64 5.0
46 4.52 2.25 6 1.4 0.25 0.75 4.3
52 3.26 2.97 8 1.3 0.38 0.53 6.2
54 4.91 0.96 8 0.9 0.11 1.13 8.9
56 3.38 2.98 7 1.2 0.37 0.49 5.8
59 3.39 1.07 7 1.3 0.20 1.46 5.4
Shale, South Uwa belt (Upper Cretaceous)
70S- 35 1.82 4.13 n.d. 2.7 0.60 0.79 —
36 1.93 3.22 n.d. 2.0 0.52 0.75 —
42 1.62 3.20 n.d. 2.1 0.57 0.79 —
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Table 3 Continued
Sample No. Na,O (%) K,0 (%) Th ppm) U (ppm) Nicerrsk U/K (x10-+) Th/U
705 - 43 2.60 2.65 n.d. 3.1 0.40 1.41 —
45 1.25 4.10 n.d. 2.3 0.68 0.68 —
47 1.65 4.20 14 2.6 0.63 0.75 5.4
53 1.27 3.87 n.d. 2.1 0.67 0.65 —
55 1.87 3.12 n.d. 2.3 0.52 0.89 —
57 2.22 4.40 n.d. 3.5 0.57 0.96 —
58 1.83 4,52 n.d. 2.6 0.62 0.69 —
60 1.57 3.53 n.d. 2.1 0.60 0.72 —
61 1.52 3.54 n.d. 2.1 0.61 0.71 —
79 1.96 3.43 n.d. 2.3 0. 54 0.81 —
82 1.52 4.15 n.d. 2.4 0. 64 0.70 —
84 2.00 3.26 10 2.2 0. 52 0.81 4.6
86 1.72 3.75 n.d. 2.3 0.59 0.74 —
99 1.64 3.04 n.d. 2.1 0.55 0.83 —
Sandstone, Nakasuji belt (Upper Cretaceous)
708 - 32 4.80 1.32 12 0.9 0.15 0.82 13.3
50 3.85 2.10 6 1.2 0.26 0.69 5.0
71 2.73 0.78 1 0.9 0.16 1.39 1.1
73 4.01 2.13 8 1.1 0.26 0.62 7.3
75 2.91 2.46 8 1.8 0.36 0.88 4.4
77 4.42 1.96 7 1.1 0.23 0.68 6.4
88 2.80 2.11 8 1.7 0.33 0.97 4.7
89 4.16 2.25 6 1.2 0.26 0.64 5.0
92 2.72 1.91 5 0.8 0.32 0.50 6.3
Shale, Nakasuji belt (Upper Cretaceous)
708 - 11 2.48 2.76 10 2.0 0.42 0.87 5.0
17 1.39 3.70 n.d. 1.9 0.64 0.62 —
33 2.13 3.20 n.d. 2.0 0.50 0.75 —
51 2.63 3.72 n.d. 2.8 0.48 0.91 —
70 2.21 2.95 n.d. 2.5 0.47 1.02 .
72 2.40 2.68 n.d. 2.0 0.42 0.90 —
74 2.10 3.02 12 2.5 0.49 1.00 4.8
76 2.35 2.95 £ 12 2.2 0.45 0.90 5.5
87 1.87 3.12 n.d. 1.1 0.52 0.43 -
93 2.42 2.62 n.d. 1.9 0.42 0.87 —
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Table 4 Analytical data for rocks from the Upper Shimanto Group (Tertiary etc.).

Sample No. Na,O (%) K,0 (%) Th (ppm) U (ppm) Nicerrsk UK (x104y Th/U
Sandstone, Nakasuji belt (Oligocene)
705- 18 3.00 1.90 7 1.3 0.29 0.82 5.4
Shale, Nakasyji belt (Oligocene)
70S- 13 1.27 2.00 n.d. 1.1 0.51 0.66 —
14 2.25 2.55 10 2.2 0.43 1.04 4.6
15 1.82 2.40 n.d. 1.5 0.47 0.75 —
90 1.80 2.46 n.d. 2.3 0.47 1.13 —
91 2.15 2.68 n.d. 2.0 0.45 0.90 —
Sandstone, Shimizu belt (Eocene etc.)
708- 2 2.55 1.32 10 1.2 0.25 1.09 8.3
3 2.81 1.10 7 1.7 0.21 1.87 4.1
5 3.09 0.66 8 0.8 0.12 1.46 10.0
8 3.30 0.61 5 1.2 0.11 2.35 4.2
21%1 1.80 1.85 7 1.4 0.40 0.91 5.0
23 2.97 0.70 7 0.7 0.13 1.21 10.0
25 2.32 1.82 7 1.4 0.34 0.93 5.0
26 2.96 1.52 9 1.0 0.25 0.79 9.0
30*2 3.24 1.73 9 1.2 0.26 0.83 7.5
Shale, Shimizu belt (Eocene elc.) ’
708~ 1 2.26 2.32 n.d. 2.1 0.40 1.09 —
4 1.25 3.47 n.d. 2.6 0.65 0.90 —
6 2.42 2.45 10 2.2 0.40 1.08 4.6
7 1.94 2.93 11 2.0 0.50 0.82 5.5
9 1.58 2. 60 n.d. 2.3 0.51 1.07 —
10 1. 20 3.08 14 2.5 0.63 0.98 5.6
20%2 1.90 2.86 n.d. 1.8 0. 50 0.76 —
22 1.60 3.00 12 1.8 0.55 0.72 6.7
24 1.22 3.12 n.d.. 2.4 0.63 0.93 —
27 1.65 2.81 n.d. 2.6 0.53 1.12 —
29%2 2.13 2.93 n.d. 1.9 0.48 0.78 —
31*2 1.86 3.42 n.d. 2.5 0.55 0.88 —

*] Hiromi belt of Upper Cretaceous age *2 Misaki Formation of Miocene age (KatTo and TaIra, 1978)
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Fig. 5 Uranium/potassium ratio of sandstone and shale from western Shikoku.
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Table 5 Average contents of K, Th and U for rocks across western Shikoku.

K (% Th (ppm) U pm) U/K (x104 Th/U

Sandstone

Izumi Group 2.27(6) 8.5(6) 1.9(6) 0.83 4.5

Sambagawa schist 1.98(3) 6.7(3) 1.6(3) 0.81 4.2

Chichibu Group 1.00(5) 7.2(5) 1.4(5) 1.40 5.1
Lower Shimanto Group

Uwa belt 1.84(26) 7.1(26) 1.2(26) 0.64 6.0

Nakasuji belt 1.57(9) 6.8(9) 1.209) 0.76 5.7
Upper Shimanto Group

Shimizu belt 0.92(7) 7.6(7) 1.1(7) 1.25 6.6

Nakasuji belt 1.58(1) 7 (1) 1.3(1) 0.82 5.4
Shale

Izumi Group 3.05(15) 13.9(7) 3.2(15) 1.05 4.0

Chichibu Group 2.39(5) 10.2(5) 2.4(5) 1.01 4.2
Lower Shimanto Group

Uwa belt 2.83(29) 10.7(6) 2.4(29) 0.70 5.2

Nakasuji belt 2.55(10) 11.3(3) 2.1(10) 0.82 5.1
Upper Shimanto Group

Nakasuji belt 2.01(5) 10 (1) 1.8(5) 0.91 4.5

Shimizu belt 2.38(9) 11.8(4) 2.3(9) 0.96 5.5
Average shale 2.82(295) na. 2.7(52)  0.96 n.a.

Samples from Sambosan Group, Hiromi belt, Misaki Formation in Shimizu belt and radioactive samples from Chichibu Group are
excluded. Average shale, geosynclinal sediments from the Inner Zone of Southwest Japan. K after KaTapa and Owno (1978), U
from IsHIHARA et al. (1969). Number of analyses in parenthesis. n.a., not available.
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