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Lateral Chemical Variation of the Granitic and Metamorphic
Rocks across the Central Abukuma Highland—With emphasis

on the contents of uranium, thorium, and potassium

Shunso IsuraAara, Hitoshi Hattor:, Yukio Sakamaki, Hiroshi Kanava,

Taisei Sato, Tsuneichi MocHizukl and Shigeru TERASHIMA
Abstract

The Cretaceous granitic rocks (63 samples) and metamorphic rocks (42 samples) col-
lected across the central Abukuma Highland were examined for their contents of U, Th,K,O,
Na,O, and other major elements on selected specimens, using 7-ray spectrometry, atomic
absorption, colorimetric, fluorescent, and conventional wet-chemical methods. The contents
of U and Th of the granitic rocks vary geographically and geologically. They are low in the
western belt where the metamorphic grade of the intruded Paleozoic rocks is high; while high
in the eastern belt where the metamorphic grade is low (Fig. 3). Important bedded-type
uranium deposits occurring in the basal part of Miocene formation are located above the
granitic rocks of the latter, i.e., above the basement with a high U content and also a high
U/K ratio. A regional composition of the granitic rocks in the western belt is more basic than
that of the eastern belt (Fig. 5). Their Th/U ratio is more variable in the western belt than that
in the eastern belt (Fig. 6).

Contents of U and Th in metamorphic rocks do not depend on grade of the regional
metamorphism but largely on ‘‘acidity” or “basicity’’ of the original rocks. The K,O contents
indicate that a regional average composition of Zone C metamorphic rocks seems not to be
more acidic than that of Zone B, although Zone C (Takanuki system) has long been believed to
contain more pelitic rocks than Zone B (Gozaisho system). Average contents of U, Th, and
K,O of the Abukuma Highland as a whole are definitely lower than those of the Ryoke me-

tamorphic rocks, and are possibly as low as those of the Sambagawa metamorphic terrain.
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in the Abukuma Highland.
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Outline of geology and sampling site of the analyzed granitic rocks.

[A] Green schist facies, [B] and [C] Amphibolite facies by Mivasairo (1958) and Suipo (1958).
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Chemical analyses of selected granitic rocks,

Analysts: K. OnTa and S. TERASHIMA (atomic absorption method for Na,O and K,0)

68A-1 | 68A-4 |68A-12|68A-41|68A-18|68A-25|68A-29|68A-22|68A-48|68A-51
Si0, 57.26 74.62 52.69 63.90] 74.29| 64.87 68.00| 72.78 74.78 65.28
TiO, 0.84 0.20] 0.69 0.50f 0.12] 0.49 0.40] 0.15 0.10 0.44
ALO, 17.90| 14.28 14.13] 17.03] 18.95 16.73 16.11] 14.78| 13.94 16.81
Fe,O, 2,98 1.12]  2.28  2.00 1.00] 2.23 1.48 1.44 108  1.59
FeO 4,70,  0.50, 6.06 2.86] 0.25  2.01 1.83) 0.36 0.11] 2.30
MnO 0.16/ 0.04 0.21] 0.100 0.04 0.10, 0.08 0.03 0.06 0.09
MgO 3.23)  0.64 9.32  1.93 0.35 1.90 1.17| 0.41] 0.27 1.8
CaO 5.81|  3.59| 12.08] 4.65 .51  4.42] 3.97 1.85  1.26] 4.43
Na,O 3.34| 3.51 1.0, 3.19 3.250 3.57 3.35 3.64 3.57 3.45
K,O 2.45  0.90] 0.33| 2,57 4.37] 2.54 2.7l 3.56]  4.14]  2.44
P05 0.23 0.02] 0.12] 0.18 0.05| 0.19  0.14 0.09 0.07 0.15
H,O(+) 0.64f 0.08  0.23  0.49 0.13  0.42  0.929 0.36  0.49  0.65
H,O(—) 0.30| 0.38  0.48  0.34 0.40|  0.36  0.44 0.3¢ 0.12] 0.18
Total f 99. 84’ 99, 88\ 99.92] 99.74] 99.71] 99.83 99.97] 99.74] 99.99] 99.65
il 1.60f 0.38 1.3 0.95 0.23 0.93 0.76) 0.28  0.19 0.8
ap 0.500 0.04 0.26) 0.39 0.1l 0.42  0.31 0.200 0.15  0.33
mt 4.320  1.16 3.3l 2.90] 0.58 3.23) 2.15 0.84 0.26) 2.30
hm 0.32 0.60 0.86| 0.90
or 14.48)  5.32  1.95 15.19] 925.82 15.01] 16.02] 21.04] 24.47] 14.42
ab 28.26/ 29.70, 11.00] 26.99] 27.50] 30.21] 928.35| 30.80] 30.21} 29.19
an 26.63 17.71] 81.73 22.03) 7.19 20.79] 18.85 8.63  5.85 21.08
o 1.05 0.93 1.23|  0.49|  0.76 1.73)  1.44  0.76
wo 0.35 11.48
en 8.04  1.59] 23.21| 4.81 0.87,  4.73] 2.91 1.020  0.67 4.58
fs 5. 07 8.48 2. 96 1.23 1.62 2.35
qz 9.65 42.16  6.470 21.76] 35.02] 22.01| 27.52] 33.64/ 35.23 22.95
Total 98. 90’ 99.43  99.20] 98.91] 99.135 99. osf 99.925] 99.04/ 99.37  98.80
Femic total 19.88  3.49 48.05 12.00 239 10.5 7.7 3.200 217 10.40
or+ab+qz 52.39  77.18 19.42 63.94 88.3¢ 67.23 71.89) 85.48 89.91 66.56
D. L ©53.0| 77.6| 19.6| 64.7| 89.1 67.9} 72.4| 86.3| 90.5| 67.4
anfan+abx 100 | 48.5| 37.4| 74.3| 44.9] 20.7] 40.8| 39.9 21.9] 16.2] 419

MR ERLEE RPN, SWEREHR. TrhYide— vy X I Ak (KBEHR) & RPRIEE (FHEMT)
WEH 68A-1 HJIESAJINTHIRSE L &, BE. MRREEEMETSE. NIO°E, 50~80° WO REEEFTHY = ) — L R¥Sy
68A-4 [E L. MM ANAHERSEEERMEHERRE. 1§ 15 cm OfRRES
68A-12 FNEIAEGFEHISmORE, ¥iE. PRELERSFAKNAELE. “2HY” B4
68A-41 FJIESABAIL/NERAESOm, BEE. MRTIRNBIEHRA. N25°E, 80°E
H5] 68A-18 EH%Q;%?EEE, FORLE. RRRBERT H A rE. N4O°W, 70°S
68A-25 RIL, 177, ﬂ;ﬁﬁ AL B S B AR B RESRE
68A-29 AURER =Tk EIE—AIFIRR, ARG, PRELMERE (R
HF 68A-22 AIENININEMEESE 0.6 km, ¥, PHEERT S Ak
68A~48 EERRNIPVAINEL, BEE. MMRBORBERT X A wis
68A-51 WNIERSMAIERTZIRARD GHA~H 2.5 km, OB, RIS EERE
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W P AL B M o R BRI AL CRUR -

— by e A REERFELE, —HRBHz v ToE
DOERS TR ZBE QBRI IETH S, Bk L b
GEORERIC VTR TIRBEE L2 ERS, 1969)
DT, T Ty, TRASXZ e AN —i3H
BRI X AREETHY, FOREEOARIISEIRLY
ThHoH, WEE  EEM - ke sBR L0k
WL 2SS, HEHREYEOCERINSHIcHE SR
BFETHB.

2. TEEHEEEHEOCENEE

[ R e R A A o RE R o h E Tick
{BFRERTHS (& 213, F3%, 1944, 1958 5 50
5, 1955). 20775 @ 1 FEERHMER (1968) X2 b0
—oDERFEERDNENL, ZORORS (8 2K)
ERNMCUTORREED 5.

BEMERIC X 5 L EE L OFEHIRAOEERITTE
DHRTHML, FBALICIIT 5 7R REIE TR
DEPYT, WEMETHB.

HEErE (EF) 10%  13%  114#
FHIERE (Zofh) 14 18 9

FrHATER PR 10 13 10
E e RRE 38 51 30
B - DI 3 4

DA B A  APE 1

WAERERE - #iRs 2 —

100%  100% 6218

ZOWRICEL D LEBFHANTEOR R IR B,
1971, p. 45) 2K L CTHEES T 235 A
BH, BIFELLTERETHDLEVRS.

MREEREE L LT, BRIITEEER MRS S
- &b %L, 2V THHOIER KRS L BERIERSE,
MEREREEIHERICSECE Vb R Ty 3 (435,
1958). T ERHERE EFTRER 0 472 b FHEFH TR
Th, EREFORERETCERL, RENCERRCES
CERE, 197328R) Th 32, FRERE TR
BEY Tha. BLWHILLT, ANG-BEER-GER
DHAENED bhvir (1%, 68A-4).

R BRI IR TSRS Mo Ty
% (43k, 1958). EH b OREHMFIZZ D N-S &R+
BTGB,

FOIREE 3R CESBIC D bh, H I Tk N-S
FHEEROBDEBRC TR T 5 (E2RBR).

H2) Tl iPRR (1959) E2MP0AET, HER=BEEROAE
SROTERHE B IR I PR,

MRER o S » S8 o ko EH - FH)

FREE IR ERERA OB GICERT 500, §
WE 2 EEERNICER T 5 0, B 3iEEE, 03
EVEETILDLEDbRS.

A HIR NI R VB RETTRONE O{LEIEL L
T, BE (1959) k310X H5. TheRERO5W
TRENRBIOI0E % b 572129 Lz (8 1 3%). 68A-
1 ~ 4 T NENTEHEEOZF L WEIEIZR T 548
HEERETILOT, ToFEH T B 1959) o
No. 7ITEVEBbiLdh, 0 4 EIE—HEO KRR
B ERRR TR TR ERE RV EIMERETH
3

2.1 gL U, Th, KO (F2%K)

PRI PR MU I RE L D FPR A 23, 72 & 2 T ERS
HOEEHBICALND L 5RHbh TV EnG, HE
W %5 2 B R UIEE O 3Flica T 7=, EREEE
BB REFIc X > TEARY, K0T (B
3 1, BAICEHBEOEENREVIEERLTV3.

Th-U o ThiziERRERIRD bh, KO
BRI A—F—L+BEIHTHLAR LY, B
BEATUE 2 RIZIEL, o KO oz tbFls <
V., FEFIO Th iXfER IR Tl fiil, & < IZEFID
bOLEIEL, THA nBTIRULRIBICS - & b K
R ED D, 2l LT KO ofiiceo T
b5,
FFIDEAF U-Th & 41z K,O L E0ME LR
PHIOEAE, URESNOER L, Th i 3HyoEa L
PlrfEma oy,

BB RME XIS BIEHEE AL stage ORI
IVREHENFHH 2B AT, U Th o
I 9 RBEERMETRIT, FHOERICEET D LORH
ENREZVOT, BE4REERLZ. ZOR»LTREOME
FAFEAR LS.
FERPIFETIE U-Th L L iFIRTELRD bAR
V. TE A rBETRENOUNEE L Y EVCEREZRT
25, Th TRZOEMAAHARTSHZ. ZOHTL - &
SHBEAEEIEROFEAL U Th & Ligiey R
TH-oT, FANE D LEEROMIEIEIC X - CTHEERD
BT BZLTHS.

Z OHUISRIR L 2 IREIC IR T 2 720 I8 5 R 2 1ERK
L7z, SMFEESARESTHB DT, & Z TIRFHEHR
ERAEIC 24 L, EEHITER E 285 ¢ (MivasHiro,
1958 iz & 2 APIEA) ApratiRicEA L, RIRIER
EREEREERLE L, FRIRF L Rt AR R
CEAL, PREEEEb R VETEEEHET 5.

ZOKTHLN X 5 EFIMOSHERDOE MY
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B A ETHAR (B2uEt ¥ o6 D)
Hok WMBEEAD r-MRA7br2 Y —igx3 K,0-Th-U &#

Contents of potassium, thorium, and uranium of granitic rocks

by r-ray spectrometry. Analyst: H. KaNAvA.

(1) il 5
%g‘%@ Sample Nos. ‘ Rock Name , %%/Z()) (1::1;)};@ (p;rjn) 0
68A-7 fGd 2.9 6.0 1.1 (0.7)
68A-14 m Gs 451 1 77 1.6 (0.9)
<) 68A-15 m Gds 2.78 5.1 2.1 (1.2)
Z 68A-16 £ Gb(s) 515 | 5.0 0.5 (0.5)
£ 68A-34 fGm 4.8 | 7.3 1.6 (0.8 | M3
g 68A-38 f Gb(s) 3.95 | 8.9 1.2 (nd) | M-4
5 68A-39 m Gd 2.38 | 7.1 1.1 (0.6)
g1 68A-40 " 2.87 | 12.3 3.5 (2.6) | M-9
S | 68A-43 £ Gd 3.77 5.7 1.0 (0.6)
68A-44 m Gd(s) 2.88 | 6.4 1.7 (0.7)
68A-45 m Gbs 4.19 6.0 0.8 (0.8)
68A-1 f Gds 2.53 6.7 0.9 (1.0)
68A-2 m Gds 2,94 12.9 2.3 (1.0)
68A-3 (I 3.92 11.9 1.3 (0.8
68A -4 fGad 0.82 1.7 0.3 (0.3)
68A-5 m Gd 1 2.58 8.0 1.2 (0.8)
68A-6 m Gd(s) 2.62 5.8 1.8 (1.0
= 68A-11 . m Gds 2.41 11.3 1.9 (0.8)
<—2 68A-12 m Diot~gabbro P0.%2 1.9 0.6 (1.0
g 68A-13 m Ghb(s) 3.96 4.9 0.8 (0.9)
g 68A-17 m Gd(s) 2.54 6.6 .o (0.8
g 68A-35 m Gm 5. 08 17.0 3.2 (n.d.) M-2
s 68A-41 f Gds 2.83 10.5 1.7 (0.7)
‘g 68A-69 ¢ Gds 2.98 3.7 1.3 (0.9
] 68A-70 ” 2.83 5.2 1.8 (1.4)
© 68A-71 m Gd(s) 2.99 6.3 1.7 (0.9)
HH-40 ” 2.45 3.1 1.2 (1.0)
68A-72 p 2.15 12.5 3.5 (2.4)
68A-73 m Gd : 2.61 5.4 1.1 (1.0)
68A-74 Gabbro 1.07 0.6 0.1 (0.1)
68A-68 ' Gneiss R 12.9 1.7 (0.9)
(2) BF
i | Swmple Nos RockName (& | om) | (ppm) ot
yG 68 A-26 £ Gm(s) { 3,93 13.2 3.0 (1.5
68A-8 m Gd | 2.7 4.5 2.4 (1.5)
68A-9 " 2,90 I.5 3.5  (2.7)
oGd 68A-10 m Ghb I 8.8 15.2 5.8 (2.9)
68A-18 f Gbs I 479 14.1 1.3 (0.8)
68A-19 m Gds ‘ 2.30 | 4.8 1.6 (1.1)
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%%i{g Sample Nos. Rock Name ’ I(%z()) (p]lokril) (p]chjm) O
68A-20 m Gds { 2.84 11.0 3.5 (1.3)

o Gd 68A-21 m Gb } 4.63 11.2 2.1 (1.3)
68A -24 m Gd(s) 2.32 11.5 1.9 (0.8)
68A-25 f Gds 2.51 9.3 2.9 (1.5)
68 A-27 c Gd 2.80 20. 6 2.9 (1.6)
68A-28 m Gd(s) | 2.66 9.8 2.8 1.5)
68A-29 ” { 2.83 18.7 5.7 (5.0)
68 A-33 f Ghb i 3.41 12.8 2.0 0.7 |

(3) " ® 3

%%% =) Sample Nos. B Rock Na@e I(i‘%? (prgri) (pgm) 2D )
68A-22 m Gb 3.77 14.1 2.3 (1.2)
68A-47 ¢ Gb 4.93 13.8 2.9 (1.6)
68A-48 f Gbp 4.72 21.7 6.1 (3.4)

vG 68A-49 £ Ghb(s) 3.83 12.6 4.2 (2.5)
68A-59 m Ghb(s) 3.51 15.2 4.1 (2.93)
68A-62 fGb 4.19 11.9 3.6 (8.5
68A-63 m Ghb 3.69 14.3 4.5 (3.1)
68A-67 m Gb 4.50 14.9 4.7 (2.5)
68 A -32 f Ghb 3.85 13.5 4.0 (2.6)
68A-51 m Gd 2.59 6.9 1.7 (1.0)
68A-52 £Gd 2.63 8.9 2.5 (1.6)
68A-53 m Gd 2.65 7.3 1.9 (1.0)
68A -54 ” 2.49 7.2 1.8 (1.0)

y Gd 68A-55 ” 2.72 7.9 2.1 (1.1)
68A-56 ” 2.58 5.6 1.4 (0.9)
68A-57 Gbp n.d. n.d. n.d. (1.9)
68 A-58 m Gd 2.85 9.9 2.7 (1.9)
68 A -64 m Ghb 3.76 13.4 3.3 (2.5)
68A-65 m Ghb(s) 4.03 18.0 5.2 (3.0)

WiEH : &8 8L UD () PUTEEER X 2FR—EMIZ>»w TOME, EAF—4. @ FA—BRRE vy, —fFedkick

BENEC. i b OB &AUBHRET S,

HEFLR BELAOR f, m, c KL, PR, MK, Gd PBEMREIECE, Ghb BANTEARERIERNGE Gb BRERNTF Aw
%, Gm BEEETH A v, SIFREE () XEHEE, Pi3gpk.
no d GSRENE. M-S, 4 B ERRIE (1959) 2 ROES, TIRRERENCEHELALLEbNZ L ZANLERLZLO.

AR TH 2. 20z L3k 2l65 THiitRE L Eh
b OREEBEEREEh TR Z L ERT (E2E
L),

2.2 Th/U It

TEREEAA D ThU iz —fgic 3~4T b 5 (Kanava
and Ismmaara, 1972), [RFEEB CLEETH Y,
DHEEARETOEFITH S (B 6 K). WHID0HE A& X
Th/U fpici@ bo & RTLY. FELRER, Thabb,
EERREE DERGE LR IR B T Th/U foad
RESENFT B LB, ERETLIHRBELE: (BR-8

5, 1969; Kanava and IsHIHARA, 1972),

2.3 FEXFRAIHEEZEL

PLEDTRTH L2 & S, (EMERE OB IIH
EWHETHELLEAERY, TOMWEELIEGHH T H
5. IERPMEIIERECEL TR E—OBAN b6
hTeieb Ll (BRENEFITEL, EF~NET). 16
FEESA T L DI T I (1954)
2, HEOMAT (MEREREITEIICO 2B 5 h
), HHEREROREEL FFIEEBELE5), 1
EMEWEEOR (BT HA~ER) BB GEH -~k
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Potassium vs. thorium and uranium of the granitic rocks in
the arbitrary three belts showing low Th/K or U/K ratios on
those of the western belt.
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Potassium vs. thorium and uranium of the granitic rocks in terms
of “younger” or “older” division indicating that Th and U are not
concentrated in the younger granite of the western belt.
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[ Qd

1 Adm 1 Gr

East-half (n=29)
(VA
50

West—half (n=33)

(%)
50

The whole district (n=62)

K.0 3.10 (%)
Mean~ Th e.5

(%)
50

o] } 2
K:0 (%)

K20 2.89 (%)
Mean+4 Th 72

K20 3.34 (%)
Meana Th 1.t (oom

u 33

" (ppm)
u 5

m)
w 23"

HS5W EHAEEARERO KO HEES AL KO, Th,U oLfE
Histogram of potassium contents with mean values of K,O, Th,
and U, indicating that acidic rocks are distributed more in the -

east-half than the west-half region.

b43), EREBS~Z A4 BEHF~LLR5B), 28
DRTTTIEHL TS (p. 75). ZLTEORE 2R
BULOMERICKRD L 5 & L (p. 76).

ZhBDENT, TP LEF~ERMICL L £
B ABELLT, Cu-W Y o—Bogk, Sk
E (&8 AR, 1972), Th/K - U/K - Rb/K (AL &
RAFER) BREERHIFRILNTES. 2OREIH
RREZEDOHTIERE L HHATE 2. B OHHIK
ERENERE - MEREREE b L~ /<,
RANDOYALERERERE « TERPIFRE O Zh LiTAR%k
BhRoMEERELTORLEEDITBELTVER, &
DB FTREERSROFECKRTHRICDH 6720 T
BLizv,

3. EHRE#HEO U, Th, Na,0, K,0

FTRER H O LR 15 | Bl 5H 5 X 5, FiimE

FOPEFTRESHIC S o LS ELS AL TH Y, #%
P~ EEREERE (43, 1958) L XiTh3. ZOEK
EHR O AR (FIRBRE R OF ki NNW-SSE Jf
DU BERARERHE (KRR, 1949) 2 XV, E7z, FHIX
N-Siz DU 2~ AN ERIEED (B4 - #aFF, 1961)
ZroTRbNS.
Taatstiliids X 7 30 cm? O HIY 50 # LB O
(HET7H), A—HR CrRIgERRY R 2 AMAHEL,
0 5 B42{@Iz 5T, U, Th, Na,0 B Lt K,O ng
BN ETR -7z,

%7, UL Th EFELERE L OBRIC o THE
LTHEI . BREDOHMEROIBEL I 2B,
Mirvasniro (1958) 3 L8 Smmo (1958) iz X - TA, B

3 ZOWEOEMCRENEEERT 5 AEERSML, WE
B OHARR S Tw5  Cak - 5, 1961, p.8 BXV
p. 14).
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East-half (n=29)

(%)
50

West-half (n=34
| WesT-nalf )

50+

- The whole district (n=63)
50|

Th/u
H6HW fEHEBEBEAF ThU WHEES A

Histogram of Th/U ratios of the granitic rocks. Note a wider range
variation on those of the west-half than the east-half region.

10km

HBTH EREEOSFTRBMALER
Localities of the analyzed metamorphic rocks. Zones A, B, and C, after
Mrvasairo (1958) and Smipo (1958). Stippled area: granitic rocks.
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BIUCOSERAELTRDIN, EPbHEICHEN> AT, bbb EEENMEVOT, ZOBREDHL
TLEAEFB L vbh3. ZORMBTESAT, H¥E  WHET LSl

BRENMCCE AL DONREIRITELEDHT CHDXSEPRIVSOERELMOERE LI, U
5. P (RERSIUCHDEERE BIUS (Fr—1 & Th OFFEIHIFETEEL, BETIEAHED Yo 1T
HBVITHEEEEER) KRS LEEREREY, Bl T4V, EERETERRERARTLEL TV
FROELEHAB L, UlkovTiRE-x RADMHE  HEEZKRONE, Uk Th bEELBRCHDLEL LN
FbHCERE. LaL, Th oFd, EHMoEmE 2843, EEFoRicagshiz rngkbovivay
CEFELEENDLOCHAD. M (BHEE) 0F  THH6LVIEH2 (BE3R).
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N > \.0 N o
VA
2 AN \@o-
7
ANEEY PN %,
1 }» N o N\ \()3‘4- ]
AN \V ﬂ%
& % &
N S S
ol i 3 3 4 5 6
(%) N7 ™)
ak N o 4 o Zone ¢
AN %
\\ o \\ ® © Zone B
3t % \\ $ S 4 & Zone A
ooo , © \\ \\ <4 Contact
o
2k \\ \@o 1 + TanAKuRA
k7]
AN %, AN
Q,
e N o, AN Open: Thi
< \to N 4 Open:This stady
\\/ \{70 \\ Solid: M iYasHIR0
3y &, . X . (1958), Table 5
9] | 2 3 4 5 6 (%)

H8M EREE K,0-Na,O K
Sodium vs. potassium of the metamorphic rocks.
[S]: Chert and rhyolitic origin, [P]: Pelitic and
psammitic origin, [M]: mafic volcanic origin.
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Abbreviations:
P—Pelitic and psammitic, S—chert and rhyolitic, M-mafic volcanic and pyroclastic rocks, altn—alternation.

Rock type:

Rock name: sch—schist, gn—gneiss, hf—hornfels, phyll—phyllite.

Minerals:

e | S | Ko Rock Nare Ger | m | or | gmgodme
Zone C 36 S Mus-bt-gz sch O OR¥ © O
41-1 P Hb-bt gn OR¥* ©) ®)
41-2 P (M) Bt-hb gn © O ©
3 P }altn Gar gn © OR¥ O ©)
M do. © © ©
10 Sp-sill-gar rock © Chl Q ©
11-1 S Bt-qz sch O OR¥ © O
4 M Px-hb sch ©
12-2 P Sp-gar-bt gn © ORYX ©
12-3 M Amphibolite O O
13 P Gar-bt gn O OR* © ©
Zone B 34-1 P Sill-bt sch (hf?) @) OR*K © ©
14-1 M Amphibolite ©
14-2 P Bt sch ©B ©
44 M Hb sch ©
33 P Bt sch OR% © ©)
32 M Bt-hb sch o$
31-1 P Bt sch OR-B* © O
31-2 M Hb sch ORr O
30 M Bt-hb sch ©B3 © O
29-1 P Bt sch ©B¥* O @)
29-2 S Mus-bt-qz sch ©B © O
28 M Hb sch ? O
27-1 P Hb-hb sch ©sB
27-2 P, M Bt-hb sch ©
15-1 M Hb sch O ©
15-2 P Bt qz sch ©B* © O
47 M Two amph sch O
49-1 P Mus-bt hf O ©R¥* © O
49-2 S Mus-bt-gz hf © OR¥* © ©
16-2 M Bt-hb sch ©3B ? O
17 M Act-hb phyll ©
50-1 P Mus-bt sch O ORrR © O
50-2 M Hb sch ©
48 S Bt phyll O © O
18-2 S Gar-chl-mus-qz sch © O ©
18-3 P Mus-chl-bt-sch (hf?) Os ©
Zone A 19-1 P Graphite-bt phylil OR-B ©
19-2 M Act phyll O
Contact  93-1 P Bt hf © ©B* o | o
metamor. 24 M Hb hf ORr
26 M Bt-act hf OR ®)
~ Tanakura | 37 P Phyll ‘

qz—quartz, mus—muscovite, bt—biotite, hb—hornblende, act—actinolite, amph—amphibole, gar—garnet, px—pyr-
oxene, sp—spinel, gar—garnet, sill—sillimanite, chl—chlorite, M in the column Kf—microcline, myr—myrmekite,
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Mineralogical and chemical nature of metamorphic rocks.

Kf | mus | Sil | Cpx | amphibole Others N 1S | o) | o)

oM @) Myr 0.62 1.27 3 1.8

OM Oc Alla 3.29 2.03 4 1.4

O ©c¢ (Alla) 1.05| 2.15 2 0.6
O Tour

o oc Sph, co 0.37| 3.20 6 1.0

© Sp 4.18| 0.33 1 0.2

0.48 | 0.48 2 1.2

® oc Sph 2.85 | 0.22 0 0.3

9 ? Sp 4.10| 1.83 2 .t

©B 2.27 |  0.69 1 0.3

09 O 1.5I | 1.20 3 1.0

2 © Tour, cord, opa 2.97 2.04 12 1.6

¢ Sph 115 0.14 1 0.0

oM Ap, opa 3.70 2.53 3 1.0

©c Chl 1.85 | 0.17 0 0.0

O Tour 2.21| 2.62 7 1.5

©6 Sph, epd, opa 3.33 1.95 5 0.8

9 ‘ Tour 3.18!1 2.38 6 1.4

j | @pale G | Opa 2.13| 0.22 0 0.0

| . ©B3-G | Sph, opa 2,08 1.92 3 0.5

o l l Opa 2.41| 5.88 5/ 8.2

O O ’ : Sph, chl, opa 3.85 4.45 11 1.3

, © : 2.39 | 0.26 0 0.0

i o6 Opa 2.65 1. 14 2 1.0

© 2.40 111 2 0.8

i ©c Sph 2.20 | 0.64 0 0.0

413 1.9 6 1.4

! ©B-G | Tour 2.54 | 0.20 0 0.0

? O | 2.56 | 3.83 8| 1.6

3.80 | 0.67 3 0.7

: ©B-G Sph, opa 2.87 1.89 3 0.6

j ©B-Gact | Opa 2.90 | 0.12 1 0.0

0 | Tour 2.611 3.60 8! 2.0

’ ©¢ Opa 1.87| 0.15 0 0.0

9 3.08 | 3.20 8 1.7

®) Chl 1.18 | 0.37 3 2.5

O Tour, chl, opa 2.73 | 1.98 3 0.7

‘'our, graph 3.30 2.27 7 1.7

) ©act Cc, opa 1. 66 0.28 0 0.0

0O Tour 3.50 | 92.88 3 0.7

©pale B 2.70 ' 0.29 1 0.2

©pact 1.68 } 0.26 3 0.2

| 308 2.53] 8l 3.3

alla—allanite, tour—tourmaline, sph—sphene, cc—calcite, cord—cordierite, opa—opaques, ap—apatite, epd—epidote,
graph—graphite.
Biotite and amphiboles: Color R—red, B—brown, G—green, ¥tr—zircon in biotite with radioactive halo
Analysts: S. TerasHma by atomic absorption method for alkalis, T. Mocmizuki and K. Osa by colorimetric for Th and fluorescent
method for U.
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pelitic mixed r—l
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a2 30 . . ! ] | 1 L . 1 ) ; ! . I (FE),
O (FHEER) 1 2 3 km

B FEMBELBIZI-—FArUEELBEBIURAETER
Radioactivity measurements by a car-borne method and portable scintillation
counter, kind of rocks, and sampling site at Tokusa, Abukuma Highland.

BUERIIR Uz NayO-K,O X (B8 [X) » b3 &
5z, MOZERREX NaO flic A -2 #i Bl ic &
LEB. EHOCHKBTAEERED 3B L U41-2
DEARFANAEP Ca L LLREREELMHB LAY
POEFHATH B, Na,O KZ L BIERICHAL
3.

JEIBRBEBELIZ oV Tk, REREOHEFH & <
LAREHHOVNER (CH) REEACELYbATY
7o, % 3R TRHAA (10,12-2) B RTHE LR
H 5L THO X 5 I HHE CHERREIED bha,

n U (ppm) Th (ppm) K,O (%)
MERC) 7 0.9 2.6 1.43
HIEFTR®) 26 0.9 3.5 1.59

SEOHHEEE L K KHER TRES 2O THIET
XV, BESRTHLNA L S EMERD P OLRUE
B—oMHED X ik KO iz ke 2 ik, &5
B & 2T NayO iz & e iEE LD o T D Tidied
255, # « FAT (1962) i ERE O IRE BHEIR O ERk
SEITER B AN T A B RS S RS DTEB B RCE
BB, HEFROBAIRE - RET, A
DIRBELEHREILLE LTS, LiL, ZZienx
72k B3lz, NaO & KO EiFhdihadl, B,
BT MEOWRKICR T 5 P OEEEE T ZENH
FEICHERBT A2 LixREic B 5. FBI TS B2,
WEERACERIREDTFED D VIZAPEIC > TR
FiT ALO; R Fe,05 2807 77 1 MEBIRO BRuE
(10, 12-2) DEENPOELD L, TOWEREIIEE
IV LA CRESER LS, »oBEgE AL
FEEOBRATh-IBHTHIT LERE->TVS.

SR L7229- 2 3BEMROEE « REA - XV Y

LAERRE-TEY, TORBEREEERETho
51<, U, Th, Na,O % XU K,O OfFic b KBEL T
3,
WICFEMHEIC BT 2 BHEE O EREER, v —
Ry ORI LORERBONEL 2T 5. BH
EEOEVETTE, B —R v Oh R oREE I
BIHESR203NARTH BN, POERAIMOLERE
XD IEBNIERCEEEEERL TS BI). L»
L, WIRAIIEER (59 [, pelitic) ZHEL 5540
Ty — R — VHET 500 cps PIF, EEEYVFL—
v g VHIEET 20 uR/br IFTHoT, —f&RD (ER
B RRERLY) RESLY LEMHETSHS. MOE
A T300 X H K BBRICEDEADOKIE R
V. BEEICBI SRR L Rkt U-Th - K0
HEE LRIz L v —8E R T,

[ s b oD ZE R R O T oS B 0 JFUR B D 3

EETROBV THS.

n U (ppm) Th (ppm) K,O (%)
WeRE (P) 18 1.4 5.3 2.5
HE (8) 6 1.5 5.0 1.7
EegE (M) 17 0.2 1.2 0.6

ZhoEEERehmic 3 TRz L, zixld
BVRES B - WFH#72 8 oba - BREOTHE
(BE - &2, 1973) LT L, ERENRITDONVT
10 ~40% 1KV,

ELY FFe Ll

SR ETEEEREE L OB

4.1 WREISVHKREEROUS VE
FIREREHORRA Y 7 VKT EEAIEC, VWhE
ANTHEIER, KPR ERR, S AL TH 5. /i 2

4.
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HIEASHIN AT 5. UTFERELOMEL TR TS
25, NI (BEBER/NID ORRIIRARTHS
DT, BREEFEEEKIC XAEHRE L Lisovik
T5.

SERITALER O BRI TR EROEREES TRV
ERBRHOERKRE (bFHih) o -WaE 2 RE L
L, BEOHEEBR TR TAO BKBRORRE G
i) OLE - WE - REBEEEREEL T3, IFhoRi
EL “RRET TREYIEET, VI VIrBEOREE,
REEATEH S OBRHE, WEZE OBEHIcHEEIShS.

B A IERE R ORE RS 2.5 mR/hr (2.059%
UsO) 3BTV B, —fROHERR A Ti% 0.8 mR/hr
(0.34% Uy0%) PITTh 5. “IREMOBIKY 5 a8
BHFRU L CRRB SRR, PIEGYIIRTERT, VI
v % WKLY - REW R E IWEE S TV 3R
PHEBRE .

REREBRIC OV TR T T oBmERd 5 (2
LT SRR S, 1969). WEEEE - V2 T8
7B 73 HEME PP OB - REVEE - BE
BRyIUvEEEL, ERo/nNIHROMEIRE & [
THEHN, HREZOBMNRI VIS, U7 inisk
R, RENPOEERL L TEINICEETHILERRL
5%.

FIR— AL (BEREA)IERSET) 0L 03k
FIT/NRRT, MATE R oM & B 5P ETito
M « RO - BIR BB AREA L+ 5. BRI
FRRE T, TOELORERS 20 MioBERE
WENDREYEBHLE RS 0.16 mR/hr 2550
725, —i%i2it 0.0n mR/hr CIERICMEZITH B, FlEE
CH B ET RS (BET BT CRIEORE
(FFHEL) X Tmbh T3,

PEDX 5 IcFRESHTY 7 V8K E 54 Dl
INIHEE DGR D AT H 5. ZDHEKIZTUENRL L 1o
U/K b EVEEOEREE R L Hl (L7238 H)
&5, LIRTICIRR L THERERLY 5 2 iR CIXRE o
SRR LA, ERIEREOURBDEDBERT
DEROBBICERT D] KX, FREFHTLREET
HBLHETIENTES.

4.2 HEMRITIA FEEBEEEELEOU-ThE

FIRBEEHOTEINC AT DT <& 4 MIT LR
» U - Th 2&L@hneabh T3 (24K, 1953;
B/ » BAJR, 1961). TS I F OERD SEHITERE
W3R % RIGD—IRITH B (QETEH:, 19545 1UE,
1956, 1959).

o LOWETE, hLFHHEREED U-Thix

BRES o B8 » @B - ik - B A - F5)

BLARCLOIBT 5. TS BANE C R R
BER i OB& 1T, BEHERS <7 4 MR
SIEREEEAR—RCERTETH 2 (2L 23R
Fid k=R

PRI R C b AL ARE 23R V= & 4 M ICBR T
DYSLETERE R DY, 0 U-Th FEv & FHsh
BEMERTHH0T, COMBEISHOBREL L
v,

5 # W

o P s s > — BRI C BRI S & R DL
PR & IRBRAICRA L7c. TERBESR I~ 7~k
ER T BEicBET 2 o (2 2 TR U, Th,
K0) BEAITZL L, EHTE W ERSAERICED
BN5.

TOUNHE LU/ KEARECRFIOTEREESE
EEME UCEERMREY 7V EREIAMTS.

EEET O U-Th- KO @3y dind, Zzhez
NOEBELIAHAR TS5, RAOEBENELLT
U-Th B2MHIL, BRERY LOBRIEIRD Shin
v,

X B’

ARIER (1944) : EEEBPTE R EEHE R —1TE #
FERRCE TR OB A S RIBIge . SR
$ERTgEER4E, no. 1, p. 30-40.

= — (1958) : [IRPEEROLERIER & BEEE
. SREHIRRE R S IEE, b 74-87.

AREZE= (1971) : BAROIZEEY FFUSRB L
OB+ s fEfa B a . HEFSE, no.
239, 178 p.

———— (1973) : Mo-W $RRARK & 1R = H

AX. SLHE, vol. 23, p. 13-32.

o SRER (1969) : BB 7 T VLR

DEBICREE. WEFEHE, no. 232, p.

113-128.

- o EAIRENRS - B AF— « KIFEH U (1969)
IEREETOU S B XU Y v AR E
ZOHERNER. WEREHE, no. 232,
p. 179-220

——— e &R L (1973) :EEAFOYI LR
IO Y & ABICOW T, L HE R,
no. 5, p. 30-34.

BEE— R E (1961) : 5 FS50 1 HEKIE
T3« JIRT) B X OB E, MEFRART,

23—(283)




BEBEBEDNASR

103 p.

Kanava, H. and Ismrrara, S (1972): Contents of
uranium, thorium, and potassium of the
Japanese granitic rocks: A summary up to
1972 in Natural Radiation Environment II
Symposium, Atomic Energy Comm. U.S.A.
(in press)

&r BL- mRFE= (1972)  HAROTERARER
L BN DHRERO IRRNEL. B %
).

EFsdth - SREPER - AT - BE ¥ (1969)
CERRERIANMIROGY 7 VE.
B, no. 232, p. 641-658.

/NBASERR « MBS (1961) &Y T VRS wEA
NELEE. HUEFRIR4Y, no. 190, p. 13-26.

WIRFEH (1956) : WRRANIETEEDO RS <& A
MREHRE. WHEAAM, vol. 7, p. 335-
348.

——— (1959) : EBRREKEFLOWES LV
RTwH A VRERE. WERAR, vol
10, p. 191-200.

Mivasairo, A. (1958): Regional metamorphism of
the Gosaisyo-Takanuki district in the cen-

tral Abukuma Plateau. jour. Fac. Sci. Univ.

(B u%s %6 %

Tokyo Sec. 11 vol. 11, p. 219-272.

EIRFKAE « R (1962) : HAEB OREHE 0L
IR, IVHLARHERRY) ORR T &K
BEOAE . HEHE, vol. 68, p. 75-82.

KRB (1949) : FRIRE & OBIBHRARIC>
VT, HEME, vol. 55, p. 187-188.

EFRMORIE (1953) : FURRERILMTE R ICRH 3
SHMBLT < A MER L HWEBE L D
BRIz T, BERFEFHERRE,
no. 2, p. 1-26.

Sumo, F. (1958): Plutonic and metamorphic rocks
of the Nakoso and Iritono districts in the
central Abukuma Plateau. Jour. Fac. Sci.
Univ. Tokyo, Sec. 11, vol. 11, p. 131-217.

B (1954) : FREERICR T 27EEE S

w5 A b LIERE L OBRicov T 'K
W&, no. 33, p. 68-78.

o BERTER - BEER - REBHK - 1%
Y (1955) : FIRBEREOKRIES). Higk
#l=2, no. 24, p. 1-11.

(GE) AR ITNE 2114 (1973) 10 X 3YsT7

g [P EHOME | 33875 h, T2 THo
TR IR HERIC DN T AEFORLEN TN D,

24—(284)






