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Contents of Thorium, Uranium and Potassium, and Magnetic
Susceptibility of the Permian Toyoma and Usuginu

Facies in the Southern Kitakami Mountains
Hiroshi Kanava and Masato Katapa
Abstract

The Toyoma Facies is a miogeosynclinal sedimentary facies distributed in the Southern
Kitakami Mountains. The facies consists largely of mudstone, which are called “Toyoma slate”,
with associated sandstone and impure limestone.

Eighty-eight samples of the facies were analysed for K, Th and U by the 7-spectrometric
method. There are close linear relationships between K,0 and Th, and K,0O and U in mudstone
and sandstone. Since most of K,O in the clastic sediments is contained in authigenic sericite, it
is inferred that Th and U are chiefly fixed in this mineral. Average contents of the elements are
10.4 ppm Th and 2.8 ppm U for claystone and silty claystone, 4.4 ppm Th and 1.8 ppm U for
siltstone and fine-grained sandstone, and 2.9 ppm Th and 1.0 ppm U for medium- to coarse-
grained sandstone. The ratio of Th to U is approximately 2.5—4.0. The values of Th and U in
the calcareous rocks, impure limestone and calcareous slate, show no systematic trend in the
K,0-Th and K,0-U diagrams but deviate from the linear trends of mudstone and sandstone to
Th-and U-axis sides. This evidence suggests the presence of some other minerals containing Th
and U.

The abundance of the three elements in ten samples from the Usuginu Facies was
also determined. The facies consisting chiefly of ill-sorted conglomerate interfingers with the
lower part of the Toyoma Facies.

The values of magnetic susceptibility of the clastic sediments from the Toyoma facies
range from 10 to 40 X 107® (emu/g). The values of some mudstones and sandstones from the
lower part (subfacies) of the facies are apparently higher than those of the average values,

20 x 10-°® (emu/g) for mudstone and 14 x 107 for sandstone.
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Distribution of the Toyoma and Usuginu Facies, and sample localities.

Shadow: The Toyoma and Usuginu Facies.
Numbers: Sample numbers; see the first column in Table 2.
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Age |Formation Diagramatic section Member or locality
Trigssic| o, o o 0. 206900 o, o o
Upper
M.
2 X Myojin
= X Upper F. Iriya M. ¥ X . E.of.
Toyoma [ Kitazawa Naburi Middle Maiya
FToyome —/—/—— — ————————————————— M. Funakoshi .
I i N.o Yukisawa (?
Factes Lower F, NOI‘GiZ(‘quG Funakoshi Lower M.
c . '
° O T 0o i ! i Usuginu,
€ Usuginuo oSS ! :‘ 7)1 Kesennuma
@ Facies , ! | L rE.of
ot & o o =t H ! ! Ubaishi toge,
o o i | | and Kamiarisu
Kanokura |, S ! H )
; i \ 1
I | i
' | t
: ! i
S 2.2 o ° o o ) | !
|
o I ! I
BARR ! i !
Sakamoto- ! ! !
zawa Toyomg  Okatsu  Utafsu
© o oo NS oo - R region r 3

E2H Bk - BRBOEXFE L UCRBNEROME « H R
Diagramatic section of the Toyoma and Usuginu Facies, and
members or localities where samples were colleded.

Members or localities refer to Table 1.

IR BRE -BERECOBEHOEE, HHEDORE -HMABIUCENES
Constituents, members or localities where samples were collected, and sample
numbers in the Toyoma and Usuginu Facies. '

Table 1 A Toyoma Facies in Toyoma region.

Member Claystone Silty claystone Siltstone Sandstone*! | Calcareous rocks
]\;’ﬁ‘-ﬁl()“d‘ﬁfﬂ%ﬁ’g . [1*3
Iriya & Komurasawa 1—6 7—10 19— 15%4
Members
FI N _ 22—26 3] *e
Kitazawa Member 16 17—21 27*2 2831
F A REE _ 36%3
Naraizawa Member 3234 35 37%4

*]  This sandstone is medium- to coarse-grained and is mostly calcareous; calcite, 20-30%. This is excluded from the
“calcareous rocks” in this table.
*9  Alternation of silty claystone and fossiliferrous very coarse sandstone.
This is omitted from the calculation of averages (Table 4) but is included in mudstone in Figs. 5-8.
*3  Calcareous claystone; calcite, 20-70%.
*4 Impure limestone; calcite, >70%.
Sample numbers refer to the first column in Table 2.
Table 1B Toyoma Facies in Okatsu region.
Locality Claystone |Silty claystone | Siltstone Fine sandstone| Sandstone*! g’a‘,:l];:sareous
B #F Myojin 38—42 43, 44
% # Naburi 4559
5 # Funakoshi 50 51—53
ety _ 62%3
N. of Funakoshi 54 55—57 58, 59 60, 61 63%¢
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Table 1 C Toyoma Facies in Utatsu region.

Member Claystone Silty claystone Siltstone Sandstone** Calcareous rocks
Lo OB
Upper and middle 64, 65 66, 67 68—70
Members
F il & 798
Lower Member 72 74%4

Table 1D Toyoma Facies in the other regions.

Locality Claystone Silty claystone Siltstone Calcareous rocks
* A K F
E. of Maiya 75 76 7
i &K
Usuginu 78, 79
& Aili #
Kesennuma 80 8%
Yukisawa. 82—84 85%3
w” Ak R F
E. of Ubaishi-toge 86, 87
Lt B £
Kamiarisu 88

Table 1 E Usuginu Facies.
Localit Granitic rocks Volcanic and Matrix Sandstone
4 hypabyssal rocks

* 7 ®
E. of Maiya 89, 90 91
%A Ik R 5
E. of Ubaishi-toge 92—94 95 96—98

HWREETH Y, HARHM (Usuginu Facies) & ixRILH#ED 1E
ERBHOBRES LTS TWBHEATHS. Zh
BROWTHAERELD TE L DFFERIBDH B, PUT
g (1944), w0 iE s (1969), mdd (1971), FHEEH
(1973), 22 (1973), KW (1973) 728 BBICLTE
DIEIE T DB,

2.1 1 =

BAAE, ZBREHAH» b BRI THET
BIERLAERBRETPLRBERETH-T (B,
2B, BKBECHRETHLORZOHRETHY, BRE
BK + Mol - BRI R B A b B, Bk
« EREFEHUR T, LR L TEpEASEE S, LA
BEE LTHEERO LYV NEREEE, TR
g e VIV RERWLY L MNEREETH S, TR
DRYE « BIREBHIEL, Z0 5 bREITHHEIZLR

FETH5.

R 3Bk UB) L LThED EoEE
CRETS. ZOBEENOES AR LT ERHEER
BCH 5B ESENS . kBRSO TE O
BiIRk - HERBHIR O TR RATIC AN 5 5 25,
BEEVN MNED DR EETH B,

E» D 5 A TEBKETE (194) OFiRT
5 X5 CABEE T EFRIGENSEETC, ©oLK DH
HURHBEETHS 5. Zhid, Wb s REEILES
OEBTATIEAV— MNeBLLTWS,

A P TIRSEEIO B LA DB TH D B
FEIEDy, 1973) Tk HAT, YROHREE T 8T
THolZLIEETHSH.

FERFIIRK TR L OW-R B 0—iF & e o BfR
TREL, BELIBROWEPLRIMETHS. £<
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F2H FX#o Na0, K,0,C, Th, U, ThjU 8 X " 2 &
Contents of Na,O, K,O, C, Th and U, ratio of Th/U, and X value in rocks from the Toyoma Facies.

No. Gy GAS oA e | o | U | (e
1 KT 103 1.57 3.03 0.71 11.4 3.3 3.5 21 x 108
2 138C 2.96 11.8 3.0 3.9 14
3 142 A 1.77 3.15 10.4 3.6 2.9 17
4 142 B 1.76 3.09 12.2 3.1 3.9 14
5 212G 1.88 3.04 12.1 3.5 3.5 14
6 273 A 1.67 3.12 12.6 3.2 3.9 16
7 71K 383C 1.52 5.2 2.0 2.6 9
8 383D 0.9%4 4.1 1.3 3.2 8
9 383 E 1.04 3.5 1.3 2.7 10
10 383G 1.16 4.9 1.6 3.1 10
11 KT 142C 0.98 6.2 2.1 3.0 17
12 212E 0.65 7.0 3.4 2.1 23
13 220A 0.30 3.5 2.7 1.3 21
14 71K 383A 2.87 51.4 10.9 4.7 10
15 383B 1.12 18.8 5.1 3.7 8
16 KT 203B 1.72 3.11 0.71 12.0 2.8 4.8 22
17 143 A 2.33 2.87 0.73 8.5 2.2 3.9 22
18 143B 2.67 2.60 7.8 2.7 2.9 25
19 203 A 2.60 2.71 9.9 2.9 3.4 18
20 203D 2.70 0.72 9.6 2.7 3.6 18
21 214 A 2.72 2.63 9.9 2.8 3.5 17
22 143D 2.50 0.82 2.2 0.9 2.4 24
23 216B 0.40 1.6 0.7 2.3 18
24 71K 384C 0.73 1.9 0.5 3.8 13
25 384D 0.93 2.3 0.7 3.3 13
26 384 E 1.06 3.1 0.9 3.4 14
27 386 1.95 6.3 2.1 3.0 14
28 KT 110B 0.51 2.9 1.8 1.6 13
29 71K 384A1 1.95 7.7 3.2 2.4 9
30 384A2 1.35 7.4 1.4 5.3 14
31 384 B 0.51 2.5 1.9 1.3 i2
32 KT 221 3.60 1.66 0.70 4.4 2.0 2.2 29
33 251 3.50 1.88 0.69 4.4 1.6 2.8 28
34 71K 385A 1.51 5.5 2.0 2.8 (16)
35 385B 0.9% 1.7 0.7 2.4 (16)
36 KT 215‘A 2.61 2.14 6.2 2.4 2.6 15
37 215B 0.83 2.1 1.8 1.2 15
38 128 1.05 2.70 11.3 2.7 4.2 (17)
39 150 A 1.31 3.11 13.2 3.5 3.8 13
40 151 A 1.39 2.73 1.20 10.6 3.0 3.5 22
41 151C 1.27 2.9 11.8 2.4 4.9 15
42 211 1.03 2.94 12.1 2.8 4.3 17
43 2117 A 1.85 2.90 12.3 3.5 3.5 (15)
4 Z 238 2.75 11.7 2.9 4.0 12
45 KT 202A 2.84 10.4 2.9 3.6 15
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No. R A @ | e | eem | Y| (g
46 202B 1.60 2.96 1.06 11.1 3.1 3.6 21 x10-¢®
47 202G 1.68 2.96 12.5 3.3 3.8 15
48 202E 1.66 2.87 10. 2 3.0 3.4 16
49 71K 406 3.10 13.2 3.5 3.8 14
50 403A 3.04 13.4 2.8 4.8 14
51 71K 403B 2.89 13.4 3.9 3.4 (12)
52 404 3.25 12.9 2.9 4.4 13
53 405 2.96 11.8 3.5 3.4 15
54 401 A 2.71 8.3 2.3 3.6 36
55 KT 133A 2.50 2.52 0.49 6.0 2.1 2.9 31
56 133F 2.61 2.37 6.6 2.1 3.1 36
57 134B2 2.39 5.5 2.3 2.4 34
58 121 3.76 1.16 3.0 1.6 1.9 39
59 123 3.79 1.33 4.0 2.3 1.7 39
60 133E 2.65 1.12 2.4 0.9 2.7 (38)
61 71K 401C 0.77 2.8 1.0 2.8 (34)
62 401B 1.78 7.1 3.3 2.2 17
63 402 0.84 3.4 2.6 1.3 10
64 U 5 1.90 3.38 11.5 2.9 3.8 (23)
65 7 2.11 3.32 12.3 2.8 4.4 21
66 3A 3.22 9.8 2.5 3.9 16
67 6A 3.01 12.0 3.1 3.9 (23
68 4B 0.88 2.2 0.9 2.4 19
69 6B 0.79 3.0 1.0 3.0 (35)
70 9 3.02 1.03 2.4 0.8 3.0 16
71 11 2.89 2.26 6.2 2.3 2.7 16
72 12A 3.02 2.32 6.5 2.2 3.0 17
73 12B 0. 86 4.3 1.4 3.1 16
74 KT 276E 1.35 0.72 3.8 2.1 1.8 13
75 269 1.75 3.42 11.9 3.3 3.6 (18)
76 270 2.10 3.21 11.3 2.2 5.1 (14)
77 141 3.06 1.66 2.3 1.1 2.1 (18)
78 K S 1003 3.23 1.56 3.3 1.3 2.5 32
79 1004 3.62 1.59 3.4 1.5 2.3 13
80 KT 628 3.40 1.57 3.4 1.4 2.4 a7
81 500A 1.58 1.8t 3.8 2.1 1.8 14
82 613A 1.86 3.36 12.1 3.5 3.5 (13)
83 613B 1.97 3.03 12.1 3.5 3.5| (16)
84 616 1.88 2.51 11.0 3.3 3.3 13
85 613F 2.05 4.23 12.8 4.4 2.9 13
86 515 . 1.27- 1.3 0.8 1.6 (51)
87 YS 23 2.45 1.51 3.0 1.8 1.7 14
88 OT 2008 2.95 2.58 4.4 1.5 2.9 19)
K,O, Th, U, x: Analysed by H. Kanaya.

Na,O: Analysed by E. Ohmori and T. Tono (nos. 64-73,78,79).
C: Excluded G as CO,; analysed by E. Ohmori and T. Fujinuki (nos. 20 and 33).
( ): See Table 3.
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ERRABICE > THTL, EREBETHEEST O DE
EThHBN, KUELRERERLEL, Lo T
BHEREEEI VY. TOMOBEEIECFy— 1R
B RIRER Y OHBEHETH 5.

EAR ZRMBEESE -BE0 KO, Th, U,

Th/U o £354E

Averages of contents of K,O, Th and U, and ratio
of Th/U in rocks from. the Toyoma Facies.

21 KW # Sy | Bacsene | e
21 FIicRRAS L OEREOBR L2054 L Rk claystone stone dstone

BEHSERT. EE2RAN L | RICBKAOK n 44 11 15

R TH Bk - HERS - HRiE 3 HhiR L T oo RO,

REOBE - R SR E TR e AT O o r e
5. ZhbORREPLDLM5B X I, HH D IRER U (ppm) 2.8 1.8 1.0
ERE 90 CORVERMORE L, L2 D bER Th/U 3.6 2.4 2.9

Iy, 2RV BEENICERR L.
ERERALEE LR RBERE D X9 BRIL
7.

BOFK BRMEREES WE -BREEEOL
o FigE

Average of X value of mudstone, sandstone and

calcareous rocks from the Toyoma Facies.

b BRRRIURAROINERCEVAR Sandstone
' Moudstone medium to Calcareous
3.1 &4 W & (Coarse ) a
#2, 3FKicEk - HKEME © Na,0, K,0, C, Th,U - " - -
ROFRFEAEC L HHEETHY, C (RER» B (emu/g) 20x107¢ 14x 1076 14x10-6

CO, »CERBRELLLD) BAFEAV  BEEWRICL
BHLOTHB.

1.2 ZRSOFHE
BRMEOERYOFHEEE 4 RicdhT 5. SHER

(FEFE20~30%). 2h & B ERESER L SH LK
BEABDY, THhERMARE (HEAT0%HUE) BX
WHRBERLE (FEA20~70%) TH B0, Thiik
ERES PN THWEOTEHEOHEEL LTWARN, K

BEILY > TRRBNPOLWE -« VvV MNEB X UHIRID S
s VN NVERHEBABIOKEBECHHELTRALE 2
I CHIBE L AF T b0, WThLAEIRETH S

HEE (1) OVPBERE S ReHTThs. o
FREEE &0 LT b AR & 0 TR T AR
o T BTHEMES & 5 O CHBREBOHIEAL Th

EIR ERHEOEBO Na,0, KO, Th, U, Th/U, X EB L AR
Contents of Na,O, K,0, C, Th and U, ratio of Th/U, and X value in
clasts and sandstone from the Usuginu Facies.

X
No. VS| S [coomocppm| THU (ema,
89 71K 387G 2,110 1.920 0.7 0.3 2.3 (24)] Metamorphosed andesite
90 387H 5.000 1.18 1.1} 0.3 8.70 (26)| Quartz porphyrite including quartz diorite
91 387E 1.190 2.1 0.8 2.6 (16)] Sandy matrix
92 18B 4170 1.11} 2.8 0.7 4.0 (14)] Trondhjemite
93 19C ! 5.39 2.28 3.4 1.1 3.1 (18)] Granodiorite
94 315 | 4.79 2.04 3.1 1.1] 2.8 (23)| Granodiorite
95 19F 3.62 1.53] 1.0 0.3 3.3 (16)] Metamorphosed granite porphyry
96 19A 5.74 1.100 3.2 1.1} 2.9 13| Sandstone
97 KT 511 4.35 1.000 2.3 0.8 2.9 19| Sandstone
98 513Q 4,100 0.69 1.7 0.9 1.90 15| Sandstone
K.,0, Th, U, 3: Analysed by H. Kanaya.

Na,O and C: Analysed by T. Tono and E. Ohmori (no. 97).
( ): Very slightly weathered; a few grains of iron minerals are altered into iron hydroxides.
(( )): Slightly weathered; iron minerals and some ferromagnesian minerals are altered into iron hydroxides and clay minerals.
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3. BBBEROLY I, ZOEIBEHNLIIIRLARE
FHORMBRECDT, BEE (HLE~ s
B—ELTGRLTH 5.

D EEHETH S L NaO i3iREE & LTk
4 &, KO 3472w (Suaw, 1956; KIS 5>, 1965).
Th, U 3L $BOETH S (Rocers, et al., 1969; F
K- &R, 1973). X {ERsgmicyoRicEREsShd LB
ZHNBN, BEPLADNE AL L THENT
BRRELEBbh 3.

L ERAOERAHOBRE LUCEE
4.1 Na,0 & K,0
Na,0 & KO0 %E % 3 KR Liz.
ZORThRS L) RIEFEART7T VI VIREIZHEL,
Na,O+K,0 fERH 5 %AHE TS 2 Y FA
DOFEEABERE TR L, AKREED LD (sandstone & cal-
careous rocks) TE LW ERANA LD BN SE. LL
T A Y HidK,0/Na;0=0.31 ~2. 37f TR & < LT
5. —BREER, KO0>Na,0 ofly 50308

EFTH BN, BRKEORERL, K.0/Na,0O <1 D%
OVREZNPLIERZBESELRBRLY 5.

Na2,0 izEtebDidE k LT TEHO Ak o’
Bla, KOWWETe b i3 B Btk o R E A T
HBD. LT NaO BREHGEHOREE ED T4
EREEN, KOR< ) v 7 20 BAREREE
htws, KOzEhmiEhodbs, BEEIVER -
BER - HERRILVERD LN BT E R, BB
BiEMENTIhE L, REREI%WUTTHS LEE
LTWa2b, BERBIREENS KO LIS ETH
5. Lieh->T KO0/NaO Hik, = b Y v 7 2DEN
BEE, SEVMEOLOBRERTWVEAKDZDIZY
RTHB. B2V v RITiE, BERL L LR
ARFET 5.

HEIKOREEDR, 22 A KB (slightly calcareous)
DRBEH L LI b DL, 3.5~15%0FEAE2E L T
5, ARBTRNLD LES, 7TAd VRERSSPR
WS, FEAEELSIK LARETRVWER L BEED
BRVWLDLEBbhS. Lo THERADHERIL

4.0
fo) o)
(oo}
o
o]
30 o o o
o o
(o}
o eo o°
[S] e ]
o
X
S [eXe) y
g 20f o @
o 800 &
2 § o)
o]
09
[S]
(] o e
1.0 © 0
Q.0 1 1 1
0.0 [Xe] 20 3.0 4.0
K20 (%)

EIE BREREEE - WEO NayO & K,0 LofiR
Relation between Na,O and K,O in mudstone and sandstone

from the Toyoma Facies.

[ JOrXe

Mudstone (claystone—fine sandstone).

Ditto; slightly calcareous; calcite, 3.5-15%.

Sandstone (medium to coarse); calcareous; calcite, 20-30%.
Calcareous rocks except the sandstone; calcareous mudstone

(calcite, 20-70%) and impure limestone (calcite, >70%).
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4.0
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K20 ( Atomic absorption, %)

E4X

TARZMAVANY —EMEEFEREENITC LB K,O o i

Relation of the contents of K,O measured by the y-spectrometric to that

by the atomic absorption methods.

Pix, MHCELNEZRVWLDLPRENS,
BBEEE - W TRETFREE L 7 A
FruA MY —HETAHLE KO OREZE4HIC
.

4.2 K,0 & Th

WBEEB XUHED KO L Th ofRIz%E 5 ARIc
REND, Fuy hERBEIKRHLT2HICHITSEZ
EBRTEBDR, ThbilWTh b ECHMBERERT
L bROBHOERENR T 7 7ORRERD. ThbHD
BRI, Th EABERCEENS LHEESH
5 (R LBEBLBRADEENTRCORESE - W
ATRE—RLTIE, FT0 Th BXREEICHE->TH
BREEEL B B).
FRIREBEBO—HDO LD E ThENE LSV T R D
(%5 BH), KFRIEOMBEMEZ RT3, FHIKETRN
Ba el bERRIcZ LY, BE5<L Th 2#8fho
FHREETBOTHS S,

4.3 K, 0 & U

K:0r UL iR (356 A, BE), BERIUDE
DHE, KO-Th B L X PENERERZK (K/U=
8.3x10%) ¥RLTW5. LicdioTUDKEIDILY
MERICEERL TV BFEENEY., L bBaofEE

CERRWThOBRTHRERBCR LA TR L
BLHTEY, RBURRRCDEEIN TN 30 b5
Nipnd, REBEOIELEIEED 1 %R B VIS
(B2R), WESN TV AHEHBRICPVRTHSS.
ARBEEARU 2 BECEDLEIBEETBL LN L
b ThOBELABETLALZRIVEETHS.
4.4 Th & U

Th/U Hi, £ DEETIE2 ~5 DEN—ELE
BEERTOFBRATLS (B - &8, 1973). %%ME0
HE b, Th-K,0 0BFES U-K,0 OBEN 2 EERE
FERTZ PO THRINBE L1, Th/U BIRTEH
T, BEBIUWENHS, Th/UKiz2~5 (13kA
EM2.5~4.5) ThB, FLTHEEENT &I, AKE
BELELLTI~3 0fiFEIzAY, Th-K,0 % U-K,0
HTHLNBEOL LTV FLEIBR-T, BT E
WEHHEDOEE L5 TWBZ L Th D,

45 B W o=

FEHEORE S 13L 55 ARG OEE L BITiEF
THLDTH BN, BEGEHD 9 b TRGSEYOBE L
BERRORERFENE Lo TWS, BKHE O &G W
W, HEEKGL - HBRGRGE - X VSRR U TH BN, Wi
TORENEA v — MER IR > TRILERAB#E ALV

21—( 21)




wEREFAR E226% 51 5)

150
0 Og
o
o~/
% )
o // S
o 270
o) o/
o o
100 08’ © o
/
/
E s/ o?°
5 e s
E s P /
sl
50 |- o e e
0% o
o o .~
@
g 8 7S
@™ °
0o
© o
[ee] L L 1
0.0 10 20 30 4.0
K20 (%)

HOAR BAMERESE - WEDO K,O L Th L oBEKR
Relation between K,O and Th in mudstone and sandstone
from the Toyoma Facies.

O Mudstone (claystone—fine sandstone).
O Sandstone (medium to coarse).
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ES5BN EkHEAKEEEN KO & Th L oBE

Relation between K,O and Th in calcareous rocks
from the Toyoma Facies.
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Relation between K,O and U in mudstone and sandstone
from the Toyoma Facies.

Symbols refer to Fig. 5A.
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Relation between K,0O and U in calcareous rocks from
the Toyoma Facies.
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Relation between Th and U in mudstone, sandstone and calcareous
rocks from the Toyoma Facies.

Symbols refer to Figs. 5A and 5B.
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Relation between K,O and X value in mudstone, sandstone and
calcareous rocks from the Toyoma Facies.

Symbols refer to Figs. 5A and 5B.
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Relation between K,O, % value and stratigraphy of mudstone and
sandstone from the Toyoma Facies.

PoP OO

Mudstone and sandstone from the Upper Subfacies in the Toyoma Faices.
Mudstone and sandstone from the Lower Subfacies, Toyoma region.
Ditto, Okatsu region.

Ditto, Utatsu region.

Ditto, the other region.
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