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FOREWORD

It has been more than ten years since geologic and radiometric exploration
programs of nuclear resources were started by the Geological Survey of Japan
and the Power Reactor and Nuclear Fuel Development Corporation, which were
previously called Atomic Fuel Corporation. During the earlier stages of the
period, our Geological Survey worked mostly on uranium resources associated
with pegmatites and metallic ore deposits. Many but rather small radioactive
anomalies were discovered. These works and later investigations were published
in the Report of Geological Survey of Japan, No. 190 in 1961, under the title
of “Natural Occurrence of Uranium in Japan, Part I”.

During the later stages of the period, our work was concentrated in areas of
so~called bedded-type uranium deposits, which occur usually in Tertiary sedi-
ments overlying late Mesozoic granitic rocks. As the results of the extensive
and intensive examinations of these areas, which were carried out in co-opera-
tion with the Power Reacter and Nuclear Fuel Development Corporation,
promising uranium deposits of Tono region and many other radioactive
anomalies were discovered. Morecover, further studies were made on known
deposits distributed in areas of Ningyo-toge, Okutango, and Oguni, and many
others, most of which had been detected in the earlier stage of our exploration
programs. All geological, geochemical, and geophysical methods were applied to
the analyses of the uranium deposits.

This volume is the second compilation of our studies on Japanese radioactive
raw matterials, in which major emphasis is put on uranium of so-called bedded-
type deposits for their economic importance.

It is indeed a great pleasure for me to be able to present this volume which
is the result of the endeavors of the staff of our organization. As this is the only
comprehensive geological study of uranium of Japan in recent years, this will,
I am sure, be of use to not only geologists but all the prefessional men concerned
with exploration and utilization of uranium.

Konosuke Sato
Director,
Geological Survey of Japan
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Introduction

By

Noboru Hma and Koji Kosext

The results of the survey and investigation of uraniferous deposits except chemical precipi-
tion deposits in the sedimentary rocks have been issued as the Report No. 190 of the Geological
Survey of Japan in 1961, “Natural Occurrence of Uranium in Japan Pt. I*’

The results of the survey and investigation of the uraniferous deposits occurring in the sedimen-

tary rocks have been brought in this paper, “Natural Occurrence of Uranium in Japan Pt. II"

Since 1961, the Geological Survey have emphasized to survey and investigate with cooperation
of Atomic Fuel Corporation on the sedimentary type of uranium deposits. Around 196!, the
uranium deposits of Ningyotoge mine and small numbers of similar type to the sedimentary type
of deposit had been already discovered. Many sedimentary type of uranium deposits such as
those in Asahi-Tide district (Niigata-Yamagata Pref.), Tono district (Gifu Pref.), Okutango
district (Kyoto Pref.), and Tarumizu district (Kagoshima Pref.) have been newly discovered by
the Survey and Atomic Fuel Corporation. The results of the survey and investigation on the men-
tioned above districts have been becoming clear. In this paper, the present results before 1967
will be described.

Recent survey activities, distribution, characteristics of the main uranium deposits, and the
summary of occurrence of sedimentary type of deposit are reported in Chapter I. The outline
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of the main uranium deposit districts are described in Chapter II. In Chapter III, the outline
of basement granites of uranium deposits, results of petrographical and petrochemical studies of
the main deposits districts, minor quantity of uranium and thorium in the granite and other rocks,
results of geochemical study of the main uranium deposits, result of paleontological and strati-
graphical studies of uranium bearing sediments, results of the radiometric survey and radio-
metric logging method and some geophysical methods are reported. The results of the detailed
study of representative deposits are reported in Chapter IV. The results of surveyed and detected
arcas of sedimentary rocks overlying on the granitic rocks are briefly reported in the end of this
volume as appendix.

Geological aspects described in Chapter I are breifly as follows:

1) The distribution of uranium deposits (see distribution map).

Main uranium deposits are distributed in the Asahi-ITide mountainlands, Tono district of
Gifu Pref., Okutango district of Kyoto Pref., and Okayama-Tottori Pref. (Ningyotoge mine and
Togo mine). These uranium deposits occur generally in the Tertiary sediments overlying un-
conformably granitic rocks of late cretaceous to early Tertiary time.

2) Outline of the main uranium deposits.

a) Asahi-Iide mountainlands: Uranium deposits occur in the middle Miocene sediments (sand
stone, conglomerate, coal matter, and phosphate rock) which cover granitic rocks. The de-
posits are classified into two types, that is, one those is in the non-marine sandstone and con-
glomerate associated with carbonaceous matter and other is those in the marine sandstone and
conglomerate in the uppermost horizon of the same member always associated with carbonate-
fluor-apatite. Uranium minerals are coffinite, uraninite, autunite, and uranium-bearing apatite
b) Tono district: Several uranium deposits occur in the middle-lower Miocene sediments
(conglomerate, sandstone, tuff, and tuffaceous rocks) associated with carbonaceous matter which
overlie the Toki granite of late Mesozoic to carly Tertiary time at north of Median Tectonic
Line in Central Japan. Primary uranium minerals are uraninite, coffinite accompanied by pyrite
and montomorillonite. Secondary minerals are uranocircite and autunite, and uranocircite is signi-
ficant mineral throughout this district and is the first occurrence in Japan.

c) Okutango district: Uranium deposits of this district are contained in the tuffaceous sandstone
and lapillitic tuff, and crushed and clayey andesite of lower-middle Miocene epoch. These
Miocene sediments cover unconformably granitic rocks of late Mesozoic to early Tertiary time.
Uranium minerals are coffinite and autunite.

d) Okayama-Tottori district: Uranium deposits in this district occur in the Tertiary sediments
of upper Miocene to lower Pliocene epochs. These sediments, being composed mainly of conglo-
merate, arkose sandstone, mudstone, and tuffaceous rocks, cover the Sangun metamorphic rocks,
and Mesozoic granitic rocks. Ore deposition are generally controlled by the paleotopographic
structure of the basement granites. Uranium minerals are ningyoite, uraninite, coffinite, urano-
phane, and autunite. Ningyoite and autunite are abundant in Ningyotoge area.

The other type of uranium deposits different from those above mentioned occur in the
Kuroko ore deposits area in Tohoku and San-in districts. The radioactive anomalies are detected
in the altered zone (sericite and chlorite) around ore body. Uranium contents are from 0.00n
to 0.0n percent U,0s,.

Uraniferous phosphorites occur mainly in the Miocene sandstone and conglomerate in
Niigata Pref. and Noto penisula, Toyama Pref., except two occurrences in the Paleozoic limestone
and slate. Uranium content is less than 0.03 percent U,Oj and in the Paleozoic phosphorites is
less than 0.007 percent U O,.

The special studies on the main uranium deposits have been emphasized from the geolo-
gical, geochemical, and geophysical points of view. The results of these studies are described
in detail in Chapter I1I.

Summary of the general characteristics of the uranium deposits in Japan are as follows:

1) Uranium deposits occur in the conglomerate, sandstone, tuff, and coaly matter which
deposited at the marginal embayment of lacustrine and river, so that these sediments are generally
non-marine sediments. There are some marine sediments partly in Tono district and Miyoshi dis-
trict (Hiroshima Pref.). The basements are mostly granitic rocks of late Cretaceous to early
Tertiary time and partly those of Miocene epoch.

— 9 —
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2) Stratigraphical horizon of the uranium-bearing formations is almost in the middle
Miocene except those in Ningyotoge area and Tarumizu area (Kagoshima Pref.) of upper Miocene
to lower Pliocene epochs. The fact that the abundant occurrence of fossiled plants in the uranium-
bearing sediments indicates a gently depositional environment at the time of accumulation of
the uraniferous beds. In the stand point of paleoclimatology, warm temperature at the time
of deposition of the uraniferous beds is supposed except the cases of Ningyotoge and Tono districts.

3) Uranium minerals contained in the uranium deposits are uraninite, ningyoite, urano-
phane, autunite, uranocircite and others. Autunite, among all uranium minerals, occurs in many
places in general, and Ningyoite in the Ningyotoge area, and uranocircite in Tono area.

4) Associated minerals with uranium deposits are pyrite, limonite, carbonaceous matter,
gypsum, calcite, kaolinite, montmorillonite, hydrohalloysite, zeorite, apatite, and others. In
general, uranium in the sediments are often absorbed in the clay materials such as kaolinite
and montmorillonite, and also carbonaceous matter.

5) The origin of uranium would possibly be the uranium solution which desolved trace
amounts of uranium in the basement granitic rocks; then it precipitated under the reductive
environment in the sediments mentioned above. On the other hand, there are some occurrences
which show hydrothermal origin partly in Ningyotoge and Tono areas.

6) Uranium contents of the deposits are generally from 0.00n percent to 0.0n percent
U304, but very high content such as 0. n percent to n percent U,O, are assayed from the ores
of Ningyotoge, Tono and some other areas.
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LEZbND, EBESEKEO LI BEEEE (NG BB L T3,
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BRI RS R L U, NEEo LiclEsicEl 5, BETE, SEEKE, RIKEDE O
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BREZBRGOWEEE L L L, LSS L UHICSoRAS E OBKEEFEL TV 5. ARBER
SUHRBE»IALABICRILAZET 5,
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B
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Correlation table of Neogene Tertiary formations among the surrounding areas of the
Asahi-Tide Mountainlands
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Tho oHEREK, L BEBI - FE BT 58 =R ~ i e C o HERR 0B & %
NI MBREORN /L L ic 2Tk, THH (1958)' R¥ELLBLTV32, HEJIEEERCTIRE
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3. EYS5UHK
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DEMOTSICY T BB+ 5. 51 BETE, BIERENKRD T, YROBKELER, BokE
SR 1 mBEOLOL, 20~30 cm BEOLOD 2 HENE . Z L TRIEARECHS, EREI 7L —
AWEB I CHEERKET, BoAMit 2 ~3cm O, MAomgEicl VRV FEhTv3T L BE
v, ELTEBOMS 26 RAILTH, MowobaeETs. BHOESR 2mEToaVA, ZheEl
B9 L EEOREXE, ¥ 10cm 5 20em 2B,
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IS6OSEICRHTEER, W) egREhi.

T CRUNITERSIC RS 5 L & 2 b 5 RETERPIR AL 28 L U, REHRR & 52 & h 5 LEH
BYREET 2, FLTRED LI 7 v a — 2 BER 50~100m OEXTCHHL, & bIicZ O iz ik
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Bo IR L epEPoRBE e hs. REY U0 3 BERD b5, —RICEKE
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PEERLTVRVL, i, REDZEDEVERSEES 0.009% U0, —igizix 0.005% UOs LT
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M - BT ORE  SHS B - TEL, TOREIRSWTRERER L0V S L ORBE RE
PCLs9 7 ORBEREEZ PORRYUTHS D,
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195947 12 LR U 76 T AR AR/ INEINT 0 KR S AU H B Cik Lo TR BRRE AR R S h, Tofk
FRF AR A O NEIHERABIRR I B E 2177 - R, SROFRABHEHARR Shz, EOREM
Ebol, BFEEMHEOHERLE 2BHCHE, “TFThbEREEZESES STERBORTMLEZSD
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HEBEME CREMEOE LT 5 Ebd TIRKOBCBETICRRICY 7 VEESFHL, MEL
(1961 » 1962)101 1z k h i /KA X BT ALAI300m, JREEHIIS0m i R, Z0E &I 3 m, FHRAL
i% 0.05% UyO5 BIECH B, REEICHERY 5 L8058 bh B0 RE 0.17% UsOs 103t 5. §EEK
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ERENTV 3, 208, ABIEIED & 5 IKEBIEREOF+ v 2 vis EOMBTCIERT 2 bo LR
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$k « FRABIZEEh T35,

B2 BE CRIERAE LA T 2 DESEIBURERE 2R TR, Toh BT 3R ZED
Y5y EEEL 2% U,04 ici#4 3,

—%, HH—5 BE CREMIEHEE L ohT 2 ERE O ER 2 SRR ORLEI, b TREN
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ERb, BERAROERER L BT 50, FEAHRTENICEEEASMERL, RBCEEOT
EErRohs,

BY T VR ERBO LR T ARy A FBOETIROAKEIELTEY, BREEL, 1 kmXx
L5km oEHAICET r v 7 KBPRTAHL, £20ESEIEKR 0cm, —fic 80cm, Zoy 5 &FE
% 0.02~0.03% U0 Cib 5.

ThEBERVROWREEES, TORBBREIEOR LT, Ml CERERE> oEmBNTSH
B8, BRI OB CR0mIcET 5, —MICBIK Y 7 VEOFERED bhdt, 77 <T@
AREEHEEhTEY, &F 0149 U0 BEET 5. {HBOTAIETCE VERESHEEL,
FEMIRR TH 5%, PROBE O BEMITILIERTE OFE, BEoRET B0 BILESERT 5 Kb
LIRWIR L Ex b5,

3.5 Z|H—FIRTBX

FRIESIHEE B AHR GG HECSIBICR T 2 REREAR ClgsE RS h. EREREOEE
2~3m DB/ V2 — P 2 @8 b h, BRERE 40 cm ThHY, 0018% U,Os 2FA T3,

BENSH IS 0B B B L, &iE 0.04% U0s 284 TV 5,

HERMMTREREEE O L20m o BB O LRIGEV-IERo T, Bk xR, & EFE
JVa—nRERLTHEEFERL, ERARIC 40 m icbk ) ES 10 cm WALOEHEERE -~ Sh,
B#0.034% U0y 2 ZA T3,

kW RINE R AEE S E < RS MEFRCEHN L, 0 LM10%m oBHE 0 FicEWhES
CRBR, —87 ¥ —VRICEBIIEIR L, EEERICIE 2 ~3 mLBEFcE v, B 0.022% U0,
BEAMTV A,

LBHUT O 3 EHUTI96FBRSh, W bIERE S, SHEo LS, FTRECE FICBire
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3.6 PEMK

19584 EHBIR T TR HET R RS LB RAR R N2 IR 08118 L AR & oBR TR &Nk, T
IR EREK 30 cm RRSEEO ) Vo — 3EREEL, 7T roehER 0.16% U0, iET 5.
BRAROY I o EAEIX 02% U0 LLicRE b0 LEEENS.
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19604E5TR I TH_LARAIC &> B FRABFENND bHGTRERH BB RS e, &2 TRESTEREOHE LITE
NBOBETEHICH 2ERELAREL, TRO—EBBITRERE~DETY 7 VRAFELTEY, —8
CREY S CENED bR, BE 02% U0 095 UEERETLTY 5. FRAREASE CF CHE)IIE
BAHLT bRRBERRE LIV ZHRBNRBREIED by, B, FAREILHH 1km 0F
HNhROELE VREDHERHL LY 5 v OFESED bh k.

196045 i IL R AR MR BB R o Ll TRIFEERE A RR S hie, T2 ClEIBREAEREO L
CMEBRIC A L, EORTIICRET A= — 2 REMEAIL, ¥ em~3 10 cm o fE 2 BHRA T
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RIBE A REDERCRLN S, REMIEELT LT L ORERASIHE LV, LFEAToR
B — i icix 0.00n% U,0p ThH 575, REAGITIE 0.33% U0, LI\ WT I v ERATEY, U7V
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#H¢ 0.15% U 04 2R LTV 5,

FHRDEY 7 LERI VTR L REDZSLHS T, BERWTLORA~HKRTSH 2.
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1) EEHoDE - gl REEE - ERA VI, BRI ) ER0L VRS~ TR,

2) B)EOREHOME ~BEROBE TERE I ) BROSVWERED 3 i HEE.

DOREB) XD ZECT, +CIRRERD T, ZROE L2 b —RCHEmBNCERT 5. 2
~HBHR « RIAWR CiREM L BELBRAD ), REEE~DEZY 7 agehTtsy, —RicER
HoBREZOLORY 7V REEATVET LIIELAE RV, NEHR S 2 BEHOER (K58, 76%6,
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FESHhTe 225, EBRMECIRARLEREY. L LMNETE E840—AEHD (19637 2@bi X
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ALENERRAAE L, BEO/NSAALCOBBEIET 2 X 5 /EMOBIEIC X ¥k o SRk o R
HeEshs, LT LIUHOBERFER LIFET 2 L%, BRAOHEE» L THIN S X 51T, R/
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RV, £ORO¥AKIE Eh ke AR, pHk 7 L, FREEERMHSHAICIT. 8L Lo
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FERINTV 351, BaLEHCHBRGO A>T A 2BERLSTVY 7003, BEoHERiES X 0%
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WIS M RA PO XD RREKE L EAER L OflicERE R T B, ST AO BT 2K L
2T, HITFK»PLDY S oot bEL RS,

X @

1) Z. 8. Autscavrsr, R. S. Crarke Jr., and E. J. Youne (1955): Uranium in apatite, Am. Min.,
vol. 40, p. 308.

2) L. L. Awmzs, Jr. (1960): Some cation substitution during the formation of phosphorites from calcite,
Econ. Geol., vol. 55, p. 354~ 362.

3)  HRRIE - FHMEE - $ORTENG(1966) ¢ BRELMBETGINIC 11 2B =R OBREEME T 2T (%
D2, FRRENREG LU o i), WA, vol. 17, p. 459~471

4) AR (1949) « PHBEHATR PR 7L /TS, MOREEMERS, vol. 41, p. 204~205

5) MEMEFSK(1949) : FRERE BMoOH=R, WESHESS, vol. 55, p. 199~204

6) TR (1962) : HBRALHFEIHZNT OB Y 5> 2 Pa —niconT, HiFiA#H, vol 13, p. 583
~588

7) BHE - T EAREE(1963) 1 B - WBREDNE - $HHMEOE Y T L EIKICoOWT, MIHAR,
vol. 14, p. 873~884

8) Wbl - HE=EE(1963) : KEMHOFHE=F— L <12 2 2OREE & Y HIFT—; LA, no.

5, p. 98~104
9) FHEEA(1962) : FrE=ICI T 3 LRI o B RTgE, Fil, vol. 27, p. 233~
254

10) PR « SRR « SOBICHE - oRHE=(1961) @ 3O A ARSI NE - @37 7 S JRT
TIEEEEE, vol. 8, p. 429~429
1) MRS (1962)  HE « WRSEINE « SHHMOWE & v 7V hpk, SN, vol. 12, p. 199~

210

12) J. M. KramEr (1964): Sea waters, saturation with apatite and carbonates, Science, vol. 140, p.
637 ~638.

13) D. C. McConneLL (1953): Radioactivity of phosphatic sediments, Econ. Geol., vol. 48, p. 147~
148.

14) &)IMET(1959) : KREHELIZ 3T 2 B =B OB FM 72 & VI HEMFHTE (201, %
n2), HWEHE, vol. 65, p. 364~373, p. 483~493

15) R BF¥k (1933): On new species of genera Cinnamomum and Smilax from the Miocene deposits
of Oguni-machi, Uzen Province, Japan, Jap. Jour. Geol. Geogr., vol. 9, p. 1~8.

16) THEE—(1958) : Vb3 S Y —r & TICE2b HEEME, AR ONZE, no. 27, p. 8~21

17) VHE§E— « EERRI(1961) « FRRIRITHIEOFE =R, BEILBERTESHRICE, p. 107~113

18) THHEB— » EERK(1962) : HIFFAONE, HBRSULMEH, 44, p. 329~339

19) WMEE-— - FH-—H0(1966) : MRIRHOFE=ZR (20 1) —EF, s KRESH —, B
REFLE A G B ER WS, F 1%, p. 21~57



20)

21)

22)

23)
24)

25)
26)

27)

HOH O OE WS (B 2328)

g #5(1957) ¢ IWBIREIE ILHHEREBORE, RiCERKRESICOVT, WBREEE (AR
%), vol. 4, p. 199~216

Btk - FIAHAAE(1962) © WBREE) I ARDIHEOHR B X UEY 7 VlEicovT, #
AR, vol. 13, p. 559~572

Bt « f8KETT « /NBESER(1963) « H1B « IWEEREV/NE - @AMK OV 7 VEiE— & <1
DOMKIC DT —, HIFHAH, vol. 14, p. 1~16

BHOtR(1964) : MAAO AERERET « 1, #3RE%, no. 71, p. 18~27, no. 72, p. 24~29

E. TakEpa, T. MocHIzuki, and H. Kaneko (1965): On the uranium in coalbearing beds of Mikawa
and Akatani Areas, Niigata prefecture, HiZ§H#i, vol. 16, p. 469~497

PR « #1(1952) @ (WIEIRKHE « AARIRGLILAGE O MR GER, Hobk@BF iR, vol. 8, no.2

WU (1951) « (LA URTE 1] e FE AL o0 HUE Hi s —— FE NS BF g o i s 22 ROBITgE (2 0 1),
HUEZaMEek, vol. 57, p. 157~170

Wi #(1957) : WEZHOTE, ER~EHFRIEOME, IWHRREE(EKRE), vol. 4, p. 229
~248

The uraniferous deposits in the Asahi-lide
Mountainlands, Niigata and Yamagata prefectures

By
Tadao Hamacur and Mitsuo SHiMAZU

The Paleozoic formation and granitic rocks which intrude it are overlain by the Middle
Miocene sediments in the Asahi-lide Mountainlands and their environs, and the uraniferous
deposits have been found in several areas of the Miocene sediments since 1958.

The distribution of these deposits are limited in the member composed of mainly sandstone
and conglomerate belonging mainly to the Nishikurosawa stage. The deposits are classified
into two types, that is, one is in the non marine sandstone and conglomerate generally associ-
ated with carbonaceous matter within ten meters upper the unconfomity on the granitic rocks,
and, the other is in the marine sandstone and conglomerate in the uppermost horizon of the same
member always associated with carbonate-fluor-apatite.

It is conjectured that uranium in the first type is leached and transported by ground water and
finally fixed in the present position after sedimentation from the granitic rocks. Uranium in
phosphorite is supplied from sea water during sedimentation and diagenesis, but, uranium con-
tents in apatite itself are considerably higher than those of typical foreign marine phosphorites
and some addition of uranium is probably due to the same process as that of the first type.
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Uranium Deposits in the Tono District,
Gifu Prefecture, Central Japan

By
Shoichiré Havasur and Itsuaki Osr

In December, 1962, distinct radioactive anomalies due to uranium have been recognized at
the northern part of Toki city, Gifu Pref., about 30 km northeast of Nagoya city, by a car-borne
radiometric reconnaissance survey carried out by the Geological Survey of Japan. After the
discovery geologic surve was repeatedly carried out in the district since February, 1963, and
revealed that the deposits have typical sedimentary features and it has been expected to get
furthur information straight.

Rocks around the district are composed of Paleozoic formation, and Cretaceous granitic
rocks (50 to 60 million years) overlain by Miocene lake and marine sediments. We found corals,
calcareous algae (Lithophyllum sp., Mesophyllum yabei Ishijima. Corallia sp., which are common in
middle- to lower-Miocene), and carp (Xenosrypsis sp.) in the uranium-bearing tuffaceous
sediments. Uranium is contained in great variety of rocks of Miocene sediments as conglomerate,
sandstone, shale, tuffaceous rocks, and others. Since uranium is exclusively confined within
several tens meters above unconformity, the uranium mineralization believed to have been
taken place at a limited geologic time, So far, we found over ten sizable deposits and more than
twenty outcrops in the mineralized district occupying about 40 by 35 km, An example of one
continuous ore body extends 200 m by 50 m, 1 to 3 m in thickness.

Primary uranium minerals are uraninite, and coffinite accompanied by pyrite, montmoril-
lonite. Uranocircite is a significant secondary mineral throughout the district. The uranocircite
is the first occurrence in Japan, and at an outcrop in granite with abundant barite. It exhibits
also three phases at room temperature according to the humidity, that is, hydrous, meta—1I, and
meta-II phase. Hydrous phase is said unstable in the laboratory in arid countries, and in this
study meta—II phase is identical with “meta-uranocircite.” Since our laboratory is under rather
a humid environment compared to other arid countries, we could clearly recognize the three
distinct phase changes by carefully repeated X-ray diffraction study. At the Kamado aplite
mine, we found beta-uranophane at the marginal part of the aplite vein in granitic host rocks
associated with tourmaline and pale yellowish sericite.

We found a peculiar uraninite-coffinite occurrence in fissures of granitic host rocks and in
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the matrix of conglomerate just above the unconformity. Uraninite crystal is recognized filling
interstitial part of quartz and feldspar grains, and often cut those minerals as veinlet, and closely
associated with pyrite, and montmorillonite in the sandstone. This occurrence is the best one
ever found in Japan containing very high quality uranium ore (16% U O,). Field radioactivity is
over 10 mr/h, though it develops along several meters. Green and/or yellowish green secondary
uranium minerals are developed above the surface of uraninite-bearing part at an open pit. The
colored minerals are supposed to belong uranium sulfate minerals and others.

In quantity, however, the most part of uranium is conjectured to have been contained in such
alteration clay minerals as montmorillonite, kaolin, and halloysite after carefully treated separa-
tion. Analyzed content of U,Oq4 ranges 0.01 to 0.7%, about representative uranium-bearing
clay samples corresponding to 0.1 to 3.0 mr/h. An intimate relationship between argillization
and the uranium deposition above-mentioned might lead to a sort of “peneconcordant’ type
uranium deposit. To date, the Ton6 uranium deposits are one of the promising district in Japan
along with the Ningy6-tdge deposits, in Tottori-Okayama prefectures, western part of Honshii.
The known ore reserve is announced over 4.57 million tons with 0.055%, U,Qy, while the Ningyd-
tége deposits is 4.95 million tons with 0.0519%, U,0, as of April, 1968,
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Uranium Deposits in Oku-tango Area, Kyoto Prefecture

By
Yoshikazu Hasaivmoro, Isamu Yamamoto &
Syuichiro Hirono

Okutango area is located at the northwest of Kyoto prefecture, and occupies the whole part of
Tango peninsula.

Granitic rocks of tae basement distributed in this area, are biotite granite, hornblende- biotite
granite and younger granite which seems to have intruded in Mesozoic era or Paleogene. They
are covered by the Neogene and Quaternary system. The former is costituted by conglomerate,
sandstone, basaltic~rhyoritic lavas and their pyroclastics, and the later is andesitic~
rhyoritic lavas and Alluvial deposits.
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In granitic rocks, several pegmatites containing with radioactive minerals are found small
masses.

It is inferred that the uranium deposits in this area are classified into some types of the deposits
occurring in the basal part of so-called ““Green Tuff” in the Northeast Japan and the Hokuriku
district.

Generally, uranium deposits occur in Neogene system near the basement. Uranium con-
centration (max. 21.2%, U,Oy) is found especially in the carbonaceous matters of tuffaceous sand-
stone and lapilli tuff. And the ore body containing 0.0n~0.n % UgOy is detected in the crashed
and clayey A~type andesite.

As for the uranium minerals, coffinite and autunite can be cited.
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Uranium deposits at the border area in the
Tottori and Okayama prefectures

By
Fumio Toco

The uranium ore deposits of Ningyo-tdge exist in Neogene Tertiary beds, namely Misasa
group.

The host rocks of these uranium ore deposits are mainly constituted from porous rocks such as
arkosic sandstone, conglomerate, and tuffaceous sandstone.

These terrestrial sedimentary rocks occur along paleostreams cut into basement granitic rocks
and others.

Ore bodies of this districts are, in general, elongated in the direction of channel trend about
several hundred meters length, several ten meters width, and lie near the base of the channel with
about one several meters thickness.

The major uranium ore mineral in the un-oxidized zone is ningyoite with uraninite and
coffinite, and in the oxidized areas is autunite with uranophane, -uranophane, boltwoodite,
carnotite, weeksite, ranquilite and torbernite.
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Uranium contents in the phosphorites

% Bt U0 % (B 18)

1. HERREERIYEAER 0.018
Takane, Asahi~-mura, Iwafune-gun, Niigata pref,

2. FHBRARTEI SR 0.044
Kamagui, Asahi-mura, Iwafune-gun, Niigata pref.

3. FBEAMIBENIA PR 0. 056
Nakamaruke, Sekigawa-mura, Niigata, pref.

4. HBREA PN 0. 034
Monzen, Murakami-city

5. WA LT L\ 0.022
Kamiyamada, Murakami-city

6. FBRALHFI PRI LR 0.16
Han’yamasawa, Nakajo-machi, Kitakambara-gun, Niigata pref.

7. VIR BE B A e 9 K T 42 B 0.028
Sanami, Notoshima-machi, Kashima-gun, Ishikawa pref.

8. REFULWESTEERRAR A S 0. 051
Nakahata, Narakawa-mura, Nishichikuma-gun, Nagano pref.

9. REREFHNEKA 0.005

Kawarauchi, Usuki-city
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The uraniferous phosphorites in Japan

By
Tadao HaMAcHI

The uraniferous phosphorites have been found in Japan since 1958 though they are of no
economic importance. Most phosphorites occur in the Miocene sandstone and conglomerate
overlying on the granitic and Paleozoic basements, except two occurrences in the Paleozoic limes-
tone and slate,

The known maximum content of uranium in phosphorites is 0.16 per cent UyOg which is de-
tected in a part of nodule at Nakajd-machi, Niigata prefecture, and, in general, uranium content
in the Miocene phosphorites is less than 0.03 per cent UyO,, and on the other hand, uranium in
the Paleozoic phosphorites is less than 0.007 per cent U,O,.

Apatite is identified as carbonate fluorapatite except fluorapatite from the Paleozoic limestone.
The uranium content in carbonate fluorapatite itself in the Miocene sediments is remarkably higher
than those of typical foreign marine phosphorites, and, it is conjectured that all of uranium were
not supplied from sea water, but some uranium were supplied from ground water. The Miocene
phosphorites are of white to light gray coloured type without organic matter and Paleozoic phospho-
rites are of dark gray coloured type with organic matter, and this suggests the difference of condi-
tion at the time of sedimentation,
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IR (B2BD).
AR RBLER O b G ) BV HSEET 5.
3.1.2 REB IUHIN
A
1) AGLPRIZEE 2 WKEAE, TEHHY 500m {26 5 ALK & S & BEGEHE L & CREERYL & R IC4T i 5
T, WEF28EICEEFRE BR Lic (EFHiEn, 1954),
() WEFN32&E, =HEBHEROET LY, FESRAO—TT, FRIEEWN, ML RE LT
S7T4E T ARE CORMTHENRIBET R - T,
8 X B %
HERES : HE 8B, 3957 —1
# | A AHITH
HEFEME | D MW TRERALON3 O 2, =ZH25H 5
IFHERES | BREE95E, 89, 000BF
B O A BT FE=— - R TR O BT D HAEA
Bk B E L SHOREER TREEEEST20 101
ES
T LR, EEBI00RA T, AEMALMNAEL 000t ZEEL T iz, Hgo—#idkEsh, £0RGE
R OMHER L ORI TR T,
3.1.3 HEB XUEKONE
B X R O PRSI (B, 19545 /NEIEA, 1958) 1w 5. GEIRAIT O HUE i% shii it DEEIR
o S BER IURIER ENS R 5. SREERAR Y UEBEREEHAO PICSLRICBRYT 5. %O
A% 3 Kizwd. hab
W e bid X9 ICREEGR L LTRK
HAETOGKBZHKELY 32X 94
Hw A ERTH Y, SRS 1007
LEDLDTH B, BELOFY T
: . %, Cu0.7%, Pb2.4%, Zn 4.8%
¥ S s / \ Lvbhs,

{ .
R }44 FHGLAROBROK E & 12 200X
A O - T 150X20m frCih B, = OEEETIC
e W e D REERO R Lk, K#
RLE FABEEEN OB B, TSR
gy f280435%, LHEIX49%IcET B,

R R LT — ko B —RIC A VEEIC
A schematic profile of Iwami deposit B, BtarE ERIAEEY
BT 5.

3.1.4 MEREREY

TR Ue Bt BB it o o F b g /3 b & — (Scintiscope, Reed Curtis, U. 8. A.) ¢, Zoiage
i% ur/h (microroentgen per hour) G, H&AE 8 ur/h ¥ SHHETHEHDLLTH 5.

T BB RE AT O RO BSACA TR, FEBLHL Sl L CRED bhis. REORBEEN
PG 700 ur/h B EG, 50 pr/h P EOBTHXERTC RO 5. % ORI Em ~ 108m 0 BYEICR - TR
B, ZORIZELWEDN 1 X 2 nBERET 5. TOBRREER~ v & UEIKICHES U5 o 0h
LERILTY B (BhiEd, 1961),

H 4 RICEREHKOMFERERTOSML 2OV 5 VMR, 82 RGN | keofboiro Rk

78) IRTs6E 8 Ao A (k) LEdF.
— 178
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Map showing the distribution of radioactivity at the Iwami mine
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A relationship between radioactivity of clays and uranium contents
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Chemical analyses of uranium-bearing clays from the Iwami mining area

Montma-  Radio-

Number Radioactivity U,O,

(ur/h) %) Remarks Sericite ~ Chlorite Allonite its

1 30 0.002 i i Hh )

2 45 0. 005 4 & b i

3 85 0. 007 ”

5 80 0.026 | W B &, EREHE 10 L

6 125 0.023

7 125 0.029 {665 B 81 v D BB 5+ 10 0

10 200 0.070 Bk F % 8 - 0 10 sk
12 45 0. 007

14 45 0,011 ~E U3 ¥ ik 0 0 10

15 80 0.019 ” 0 10

16 25 0.010 7 DT A by

19 80 0.019 i A h it

20 130 0.014 4 jarosite 10 0.5

21 80 0.018 2 i ki + 10

26 25 0. 002 B8 B 2 5 A4 &

28 40 0. 005 #* bicy b & 10

32 40 0. 007 [z} 5 b %

33 60 0. 007 wOLEL R BRI 10 +
35 17 0. 001 RO R 4 b

49 145 0.035 0 10 +
41 18 0. 001 B, T &R+
45 15 0. 001 BAESL, F 8
48 0.015 7 ®o#H o 10

1) Analysts : BAHREIR - FI#BEEE (1960)
8. Sexmve & T, Ang.
2) HIMOFEORFE, X-BHRGD bR I-LoEHE, 3) +:1ffETa,

Quantitative relationship of clays is measured with X—ray diffraction patterns,

1127
SRMHEO—ROBHERI>ED L B9 T, FEHBHREIC b IRE LTS b h i flisfho B EGERIC I
BT LT, RPROWLEPRIFHLTYF U AEFSR TV ATRL RbN 3,

% Wt # 12 prfh (EAREE 8 prfh 2 ETr)

R B 7
ELEE 8
KBEEH 8
eHEtrE 18

HEFREY 20~25

7K iR B fE SOs25~29%, 25 (0.002% UsOg)

BB RS SO, 15%, 17 (0.001% U,04)

55 RICHHBPIE B REIRE & v 7 VAL L OBRE T T. ARERVMSETICHERL T, KEER
BTy 5 BB ECOR—BI S P ESFEOFREDPED L RbA S,

3.1.5 &7 viktHEouE

BHERKRES S VICLY, ~ RIS VY ALIBLOTH S 2 LB LIRE OSSO, HKiteE
DRFEREE EPEED bR, VI VIRBEEETCOLI S, ARSIBEOTEHEROERE LTAE
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X-ray powder diffraction data for nacrite
dA) | 1 | 4@ 1| d@A) |1
30 I

7.14 100 2.39 1.757

Au48% » f1E| 2,81 10] 1.7736 7
4,80 20| 2.28 10, 1.683 7
4. 14 20 2.24 7| 1.619 | 10
3.96 15 2.09 10| 1.605 | 10
3.58 100 | 2.07 10 | 1.588 10
3.46 20 | L1.956% | 10| 1.857%) 7
3.41 20| 1.935 10| 1.486 |} 10
3.11 0 1917 p1eY L47Zz | 10
3.05 20 1.897 10| 1.457 |10
2. 92 10| 1.841 7 1.436* | 10
2. 56 10| 1.815 7 1368 |10
2.51 15| 1.785: 120 |/ 1357 |10
2.42 20| 1.774 | 10| 1.264 |10

H6® BRAEREHERLIUETS S T4 P OBTHHSETR
Conditions: CufNi, 30 kV-10 mA, Scale factor e NREH (1961)
8, Multiplier 1, Time constant 4 sec., Calibrated
by quartz, Geigerflex Diffractometer, - 4
2) Sample number is 16, Twami mine. Iwami mine, Shimane Prefecture, photo taken by

3) * Due to dickite. 1. Obi, 1961

—
=

An electron photomicrograph of nacrite from the

Nic, FIS5A N SRRE - HBER - TLEY v VAR EORTHIRIC, BECEELTVELOLRD
ha, 575 L B¥0FEZAWT $EaERE Uik, Hekihh KRk - H - A3 -
BAL VICHHERELBOORRVZ L pbE Y I VL0 ENEREh S,

HEETY T VR OR b O DR HBIZRIER « ERT 0.16~0.05% U0y Th 3, THIZRHLTTZ
SAL b EBVED AP SEEELD U0 i3 RHE0.01% E %Y Tholfre 2N & EHLE 8 HTRY
55 c2ENORATH B, Ele—RNERoRtoEEE 2, 3TWEORATH- T, |HEENS 0
ALY LIERICECHAREBETH o/,

E—WIiE T O ABREREET 5. ThidlEEa, BRTEY S Vi ELTV3. ZOER
FiEAY FOBEOLSCMECLLOTCRL, PEDPA LR VF T ARSHXBNICITEE OBELA LB
BT SUTARELTS LEESHELTVRV. 5 UL ERENLRLEYE LTET S LR
BEIEXHTV S, 7L EEOBEICET aMEd 7k, Heimich (1958) icX 5 & T X 5 il
E(#77$7M,ﬂn?FM)-Vﬁ(7zwﬁ+@ﬂ)tEmBﬁ%éhfwéoL#LEE%%O;
SuflizEiMEsh Ty, L bERgE, b AAOERELR L IRICET 5

Fr54F BEEHENSFITL M EETIILEELLL, BHRROFHEWL (BRAAN, 1961) i
WEHEDLNIE LD TH B, BRIEFZ 54 bk 1~2 mm OBEARICEBGIRY O L HAEL TV 2.
FOXBERE O VB TEMETEP B I RBIVE6RITRT. Thhbbhrdidier 274 bOX
S u THBAAERREEL TV 2, T OFA ORI 0.010% UsO Th - ft.

ZOMOREESE & LT, SRETHO HSUBEDOBER T b IHRELRAD realger 2T 5. R
ORHEEHICITAMERR D stibnite ZPES 5. AEEEICIIHEFTICHEE D jarosite ¥ FET 3.

3.2 RREKMEDYS Y

.21 ® FLE K

FRGEOTEHHI500m 2H Y, PO THGHO LT HRCEESh L 0T, AEROBHEL ZSh
KEERLOTHS (B, 1954), I OFLLEROERI—HICRHERESEDLH, To—HKITiX
60 ur/h, 0.007 % U0y RBH BRIz, TFVEBLICEEY v VAICERL, B REKE RROR

81 —
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\ \ BRBXEH
AR
Jsolaks , Oda

| Skimane
|
(¢} =
NG
e} A
(. BSTEREE :
FRadioastive erea iV,
8 AN
@ & RHw Jwami cepostt.
(OF=F 1% V7 Tekemare deposit.

@ RATHE R Onimura boring poinl.
@ OSIEEBF  Ofrice of Mohiman Kogyo.
® TRLEBBRF Ofice Chitara Kogyo.

BTE ARSLBEEIRE
A general map of the Iwami mining area

EHEADSOTERBE#-> T 5. HACTENLEE L) r VAR - TRES LS,

3.2.2 B R8I

BHBIEEFS b AE RO ENRME W<, 18914 (BRUE) Tholr. TOMEL
HAED Bl S/ NRBIT B ¢, MIBAEWN 400t Tholo. BERBEBREREL F0RELESILLO
WIS 25 pr/h, 0.001% U,Qf Cdb o Tee

FEAD 8 BRIELO—Eicik 0.015 % U0y 2330 bhr. ARERELVEY vV RLERERER Y
oY, V5 UBHIEFERERLTY S, S ORBHIME T —38m »oEsh, SHRZIOTF2m KX
FeHEET I LT, AREKO SO LFELHLLERTET 5.

3.2.3 RS

RGO BRI RATET, —HIREXARDSWOTA - BRLE « SRR LEET 30880 Th
5. AEGEO TR OBREREOMILE 2T b oo—Ei% 18 pr/h, 0.001% UsOs Th - 2.
3.24 ERS I

BIRETOEEZRCH P, HOHEoRKLR EREEREZBED bl k.

3.3 BMEBORFENEEVSVE

B RIC 38 1T 2 R v A e & BRI IC 2 - TEBMIC R BHERSE A LT3 2 L33
WA B — (1954, 1956, 1958) KXo THEEh TV, FRIC X2 ERREIEHF ) L8 <hY, 4
Hizid - THER - REAHEERET, BRI E YV e FmLlia-T35,

AREIE OB IR Z O RWEF ARV ERPRBRTE 23R4 L AR5, THDLE T NICRE
TR, PREOFGHEMSEICEZIAY > (F254F) - BER  RIBEEEHY, ARErIELEY R
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Keolin Sericéle Chlorite Monimorillonite
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HeE &Y 7 UMLoRMME
A tentative quantitative relationship of uranium bearing clays

VEH (FILR, BEEAL) LhoTv b,

WL PEEFER T35 v ORIEF RO L D CHis b, Thipbbrd XHiEy 5 ki
ERSREATICRET I L AEDLBRE, T0Z LY T U RHEOTEER O WEIC BT ofE
JLF, Tc& ZiE Mo, Rb, Sr, TL Zr 5 B 2 L LIt BELTRE L L0 L b4, ThESHREDEE
OB DVCTERETAELTHS. BEEDOFIHIORREEE 4 FITHRT.

3.4 88 M 85

SUFERD—E % A L2 T 1, BeEER—RITIEr0OBEEL Y L, 20~2085umh ThoTc. &
SALEERICERET 5 B E 03 TR OB EUE O —FiE 40 pr/h T3 L, 0.002~0.003% UsO Th -
o BUT VR HII B L ICBERNG L S,

FaFk BY I UHLOSRSWRER

Spectrographic analyses of uranium-bearing clays

, X # 10| A 49 | 10| F 4
Ag 4 | 4 Cu 5 6t+ Sh - tr.t
Al ‘ et ‘ GHEHERL Fe 6+ 6+ Si 6+ grHr
As tr.” tr.* Ga tr. 3= Sn — 0]
Au 0] tr.” Ge ? —_ Sr gt 6~
B ? i . Mg gH g+ Ti 9 3
Ba 6++++y\ 6++++ny\ { Mn 3 4— I Tl 3
Bi = — Mo 4- 4= A% 95 Tl
Ca GrHEEpL gt Ni r.* 1* 7n 1+ 3
o == = B — = | = ? ?
Cr ? | 4 Pb 3 5+

1) 2 : & (1961)
deott CBHD, BEY bw—BLRRRSEY 6, EHT— 2, 220v. 7A, A Vv ME 0.015 mm, FRHKEMIS0E, A 2
mm, EHZ R (W%) © NaCl #RBE&,
2) MMEOFRTE
«§ 2 trotrotrt 17 1 1Fe5* 67 6 6% 6 61t 6VHHF gYHDLLE W, —RHET
3) Be, Cd, Ce, Hg, In, Pd, Pt, Ta, Te, Th, W, Y, fii#3%
Analyst; H. Kaneko, 1961, using a Shimazu quartz spectrography QL~170.
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® >0.03 04
@ 0.01-002
© 0.005-0.009
O 0.002-0.004
i 44 8 )
Location of shaft
s BRHES .
No. of sample
QLG
.6:8 ®
* d>»L6
O. 1m0
’ O 2
1
< ®O @
o 19
L7802 & 5
5
O
0 100 200  300m
HOW EW (REK) SUBHESHE (FHE)
Distribution of uranium at Doyashiki, Hanaoka
3.5 & B &K W

TERGELNZ K B KR BETHIERAT (55540 1 RAE) icdh Y, MEGKRIE>WTIEE  OBFFERICH
BRENTVBDC, Fhbicdd s (EBE—, 19515 WEEL 1960 ; KA TFAML, 1944; Supo, 1955; 5
ik, 1959),

FELEORERESFEO—LTho e, U5 L oRRIIARLEEGHLOEE LR U {AEHED B
B, BiLEER D OTELE £ Ch o k. SRBERETICERL, 7 - B4 - il bicgfgr L
TELVRMEEL Y 2R, PRIBEAVELYEL TV,

BB RE SR A B - BERLEA L TH B, IR bRk Y SERIGEREL T 35
£, TOWHREZEIN - BRI FNFRERRB L UBNERERT. BHEEHRER 0225 urfb gL,
FORMAEEm A L20mE FHACERELTW30RRb b, TOHRTECREZELWEFSN 1 X 2 miL
bHofldmgrlope ey s, RERLME LT, FREMAEL 6 GELIE), #UgEL 8 (F12X) &R
to U7 UIHEER  RERICEBECEEL Ty 5. RBEHEOORSIREE, RESIEREES, 6
RITRY.

3.6 kb & I

FHR LIEREHA TS D, Wb 2 IREEER & FIREEER (SIAKR) S VB LKL TRY,
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An example of uranium concentration at Bandai L6, Hanaoka mine,
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An example of uranium concentration at Kamiyama L8, Hanaoka mine.
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Spectrographic analyses of uranium-bearing clasys

WRES | H10 | w49 | W5 | % 7 | IS MN LA | W2 &6
UsO0s % 0.070 | 0.035 | 0.003 | 0.082 | 0.025 @ 0.020 | 0.075 | 0.035 | 0.001
Sericite 0 0 10 10 2 | 5 10 10 —
Chlorite 10 10 1 0 10 10 0 0 —
R-barite + + — — - — = - =
Ag 4 4— 1 3 1+ 1+ 3 1 1+
Al Gt (7111958 6l 61t 6t 61t 61ttEL (i1 3V8 6t £A
As tr — tr + ? ? tr — 1— tr — tr tr —
Au 2 tr — — — — —_ — — —
B 9 1 1— tr — tr — tr— | tr— tr tr
Ba 6L | 6L | 5— 64 64 64 64t 6 6+
Bi: — — — ? 1+ 2+ 3— — tr +
Ca 6t EL 6t 61t G 612 61itt 2L 61tiLL 6t 6+
Co = = tr — tr — 1 = 9— =3 ==
Cr ? 1 4+ 5 4+ 3 4+ ? ?
Cu g 64 5+ 6+ GHiEL | 6t 64 64 5+
Fe 6+ 6+ 6+ 6 6+ 6H 6+ 64 64
Ga tr 3— 3 4— 3+ 3— 4 3— 2
58 ? = ? - — <= ? e ?
Mg 64t 6+ 6+ 6+ 6+ 6+ 6— 6+ 6+
Mn 3 4— 5— 3— 3 3— 1+ 4— 2
Mo 4— 4— 4+ 5 4 5— 5— 3+ 3+
Ni tr -+ I+ 2 2+ 3 1 3+ 1 —
P — =T = tr — tr — ? — —
Pb 3 5+ 1+ 1 1 1+ 1 1+ 1+
Sb tr tr 4 — ? —_ — — tr —_—
Si 6+ 64 64 SHEEL | GHEEA | 6HERL | 6MERL | 6HHEEL | 6
Sn — 9 ? tr tr — 2 tr 4 ? tr
Sr 64t 6— 3+ 3 5— 5— 3 5— 2+
Ti 7 3 2+ 3 1+ 1 §— i— tr -+
s 3 2 tr f 3— 1— 2+ tr 4
v 2— 1+ 3— 4— 3+ 24 3 3 r +
Zn 1+ 3 = == = = ? = tr —
Zr 2 ? 2 ? = == = — =
L USSR X 5. Y T BIIRMIES - MR, 1960,
2, Sericite, Chlorite : X{#SRE & 251 OSHF L O, R-barite+ : Radicbarite2MEBL 7o b @, Mg : EH
3, Ag-Zr: AW (BME) ok B. SV T, 1961 (AN BEY b BARERSN S,

RS EWT— 2, 220V, 7 A, A Yy MiE 0.015 mm, RHEFREIS0R, B 2 mm, WHIES RsoRR SRR,
BB MRz RIE (W%) @ NaCl & Ef.
R DI ¢ B -8
?2 tr— ir v+ 1— 1 14+ - 8+ 66— 6 6+ 6H 6t 6t 6 BiE, — S,
Be, Cd, Ce, Hg, In, Pd, Pt, Ta, Te, Th, W, Y {2 2REHCBRHL i o fra
4. RPAMEE R CERAWERL, 8 SN, T8 JEmENL, B AN, & SRkl

FREM G RAERBEER VBN O LEADATYRY,, IR OZEH & UTROREEKEOH %
HIBHITRT &5 K, WEHERSED b, FMRERICISA/BFERT 2RO LT, MLy
LRI LTY 3, AEOHKISHLREDLRTYSEY, BREKCEPEY 75 oPEFERATY
AL b OT, MIcESREDHLATVWENE WS T LiE, BIHMEROBEYRIT 20 LED
NE—EHTH 5.
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6 F XHBEHIHR

wEMES | % 7 | % 15 | & 2 | % 2

U;05% 0.082 | 0087 | 0.020 0. 075

2T | © | o
25 Mn |
29 Cu ‘
33 As ‘
37 Rb I
38 Sr ]
39Y |
40 Zr
42 Mo ‘
82 Pb
83 Bi !

92U

ONON
coopE POV
@ @ >

o | |
1. 4ff: : Target W, Crystal LiF, 40kV, 30 mA, Detector Scintillation counter,
HEEER (KR, 1960,

2. O, O ATHEE, Fe ZREOLDEM, ABHIANIH LFT S0,
3, {EEREOMOEFIRTHES.

ORERCROeTPACRONOACR S

> 000
©>r 000

40 : 40pr/h by DCP-5.
18R LSkl B RYTALSkh flsn
Distribution of radioactivity at Okunosawa, Kamikita mine.
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Distribution of uranium at Asahi mine.

3.1 T & & W

BRI ARREIRET i & 0 Sue eI g
Keh 52, BRAEHEL T—RARRoME
ThHIRUGHEEFRELL L5, Rl
BoT, H1VRAVID LCRERzBENSHh,
FEAHERIZH - TRImPL kit ble - THER
Ehic. VT UREEELO L WIS
BOEAnED bh, gL LTkekE
BARECH T, HEgLSL - apophyllite®®) g
LEMEI.

3.8 8 A &

X LA R NMRITARN 2 & ) /MR oL
HEFE km, BoROBCHD, BYOR
P OL IS | RITRT LB ) BRI
Wagm b, RS0 XHEER»P =
74 ARG LR TV 58, fLogh
MR BELTVWEO TS bCRHNEET 5.

3.9 ¥ B 8 WL

HEELTEEREBERTAFE (57
L0 | HIBRER) £hY, ENTHOREHN
8 km, FGEORMICHE LTHERMRD D FEFIT
b5, BIELREY H¥5,000t HEELTW5,

SEER I EIR AT O FEGRIR ©, 3Rk - B
EbRTH 5. GEAEARHIL TALL LD
D2 2RFARER TV 53, WF R AEER
BHTHERSUGFRO—-MEFEL L. £D
RREEHEE OB IHT, guuT T
BRAY] LXATCIEORCREREDLN
Teo T OBREEGEYE O T2 HITIEREOR A
REXZBL0T, EMITEEE»OR 5.

BEEE 10 urfh 225 130 prfh PLETCH - T, ZORFAREmAO L0 BE,. SETERRS0m, &
&100m, E&50m, KRECHirbomREAETH IO CEDOINEEICE ST, PEVEFERE{WRLT
BoHehatithd s, PHERIT 0.01~0.035% U0y ¢, FURICEORMETT. VT VB LICHEE

fBHegER T35,
3.9.1 Hpymgnil

FEREEERE LCEAGEEAPORGEBHER TH S (EAEZR, 1960), 150 LORERKAR:

720 prfh G S, TSR 0.0009% U0y T o,

3.9.2 JidAGEIL R

FBREIRE 0 BgRER T, RO o—Hie 25 prfh TH o7 pd, 0.001% UyOp Tho .

4, HRIELEES
BEL TOWARRLESBOMBERE L ToEOLORLTF LN S,
1) BgUgR (@) TR 3ROSR CHRET SEERL MY 7 UBFEL U T400
1 BiciET 2, HRRLT, SEELTRY —EOSUERI I - TAERShic L E 2 bh 2 8RRE

#4) REFRIZL S,
= R
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Kaolin — Sericite — Chlorite — Montmorilfonite

L5305 % o.oon 0.01~0.05  0.0/~02 o.oon

Y

4 % VI vE £5% | B %
%ET%E % % Ay
LIE ¥ 4 %

IS EY T iR
A diagrammatic illustration showing uranium concentration in clays.

FRICEE S HEErIcix, 7od 2R—BOBEAEEL TS, 735 ool 0.000% U0 LT Thotc. T
BB LOERBREOZELREET 5 b0 LELLNS,

2) UvSUoBPEREL Rk BERRE T EERERO—E, RESRIKEETHS P, HEE
ThHBEPLEVIZLTHE, ThOLEREWERRL T2 b00HiciE 0.01~0.2% U0 BEOHEN
HHHh 5, BEBEOLOIX 0.01~0.001% U0y Thoic, Wittt 24BENOSD L LEHERD D
19T, KRMICR? L KREHLOBERRLONS. KRIEBOE L eHERICIE: L —IFR b h 2 BERE
W DRERE R b o TR O EIRIZIZ U 5 VU BER—RITE .

3) VISR EESRATV AL ALNBELDRREITH-T, VI L OB E LTH
M+ 3RO RBIZH 50O THB VR ERDRS, U5 L OSHEREGFHEORLH Ml > T—
BRI RHRAISED LR T 5B L akHED 5 5,

chlorite => sericite > montmorillonite or Kaolin
DIEFTH B Z LiF, TEBEBPIZRVTY 5 Lk 8 OMEBTHERESM L CHELSEmRICEEE DT
Bhrehibhd, LIEYS VTS O—EBIZiE Mo 2347 0.5% LiREL T3 2 L IXpERI &
TELVERHTH S, ZHEESRINICRRT2 EEIRKO X 5Tk 5,
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Y R VANREVT L, S, Cs o ¥ OFEMETEO & 10A BHIt X dMBEShE T ERXTBDONT
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Uranium contained in the Kuroko (Black Ore)
Type Ore Deposits in Japan

By
Shoichiro Havasui

“Kuroko” deposits are quite common and have important role of copper, lead, zink, and
gypsum resources in Japan. They occur in the so-called “green tuff” region in the Miocene age as
massive or blanket form, and believed to have been formed as a volcano-syngenetic deposits under
the shallow sea enviroments. Radioactivity in the so-called “Kuroke” type deposits was first recog-
nized by Dr. Wataru WATANABE in 1918, and in 1920, Dr. Tkutaro Asar stated in his “Industrial
Minerals” as, * . . . The radioactivity of Kuroko might have been related to the presence of radio-
barite in the ore.” Since then, however, no furthur study was carried out to determine the presence
of radioactivity, until Mr. Kazumi Do1 recognized distinct radioactivity at the Iwami gypsum mine,
Shimane Pref., western part of Honshu in 1959.

Radiobarite occurring in close association with the uranium-bearing alteration clay minerals
was recognized from the Kuroko deposit at the Iwami mine by the author in 1960, The author con-
firmed that the radioactivity was due to the uranium contained in the clays of hydrothermal origin,
The facts have been observed later by the similar occurrences of uranium throughout the country
of more than fifteen major Kuroko type deposits including the Hanaoka, Ainai, Hanawa, Kamikita,
and Kosaka mines.

Radioactivity was detected, in general, at the marginal parts, lower grade gypsum ore with
clays, pyrite and/or other sulfides ores as much as 0.2 to 0.7 mr/h at underground gallery. The
uranium-bearing clays of some 0.05 mr/h expose at a level for about several to twenty meters in
length comprising high radioactive part for about two to five meters across. Uranium concentra-
tion is quite favorable, so far studied, at tuffaceous host rocks (U3O, 0.01 t0 0.2%,), and poor atshaly
host rocks (UgO;, 0.00n%). 1t is also characteristic that the uranium content varies according to
the clay mineral spieces, that is, in the decreasing order, chlorite (UyO4 0.01 to 0.2%,), sericite
(U304 0.01 to 0.05%), kaolin and montmorillonite (0.00n%), since alteration clays exhibit a
schematic zonal distribution, that i, kaolin, sericite, chlorite, and montmorillonite from inner to
outer zone respectively, as mentioned by Prof. Shuichi Iwao.

To date, it has been revealed that the uranium might have been reworked or redistributed and
fixed in the alteration clays during the hydrothermal alteration stage accompanying the sulfide
mineralization with other minor elements as Mo, Zr, Sr, Rb, Tl and others. Particularly interest-
ing is the enrichment of molybdenum up to 0.59%, at high uranium-bearing parts. The feature of
uranium concentration with certain minor elements during hydrothermal alteration seems to
indicate early stage of uranium deposition, it might be connected with sorption of clay minerals.
They might be crystallized later as definite uranium and/or molybdenum minerals. At the Iwami
mine, uranium is contained in sericite, chlorite, nacrite, and in montmorillonite. And honey yellow,
transparent, radiobarite is closely associated with chlorite or montmorillonite. The barite is not
plumbian like hokutolite, but contains some quantity of strontium. The discovery of such occur-
rence of uranium turned out a new type in the world as well as quite peculiar in Japan. Measuring
radioactivity around the Kuroko deposits is now being popular as a radioactive logging method at
drilled boreholes in the Kuroko mining districts in Japan. Attention to these patterns will help
furthur prospecting.
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LHEENTH D, MBI LR OTER AR Bl L5 & 19IRE, Sk oRE &8 2 o 1285
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TEREEIE 2 OB b BERERE L AEMEEICRE 20 TED R, MERELAHLTY5,
E (1963) i, ZOTEMEC 2 IR DTV 5, Pl oS, BRI IR OBEE A b
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4.1 BEERERE

FIED SR T CIRIERER, KRB L oBEMEMICEFIcaf+t 5. COERERREBOEBERY
MBEE L LT L YRS, BHEORR, Wb cidoslazSRIEED.

AET BRI C b B A%, IARIICHIEL, RS RT T L bbb . AEPOFHEICE N70°
W & N-8 %o b0 %iET 5. NENRS L oBMGECER—RicARS S RIEREL 2D, Ficks
THAEIMEBRE 5. EHREDIAE 7 ) EL - RER - BERD B 5, REOBHNEBRED,
30-35 pr/h T O RIBHCB A TE .

42 RERESE

AW & D BRI T, R SMAT 5. MR (1863) OEHIRRABIHEYET 5. B
10 cm BEE D /NS VIBBEA LI LTS Eh 5. TEMETM~PRT, Y VER - #EE - GHE0R
2, BIFEREROANG L BERY G, N-S REEEAEMR L TRET 5. A OMRREMBE, —ikic 18~
20 pr/h ¢, BEdRo BRERERAEL K.

RERERACGIVCASIMES - 7 - ZEBTHEL, WBHEBT TS, ZOZLERHE-VIEREA
-HRE (B3 RbrshTeT, BERERSLNENEAOZEEERAL MR- LRBEIEES
5%, PEOERCAHT 5L O bFETS. ML -RE (1963) i oRREOREE, 7ok VEED
RRERICL Y EREIERE W L0 L LT3,

HIFRIRTE 5 > PAEPI RSP ICILIE 60 cm, BRED Y —~_b A FVRANE 2 ELEREARES-T, N
15°W~60° NE i 5. Z OEHRIZ 40~50 pr/h OBHERER T L, LR Th 5. {LEDIZ LB L
10ppm U %R+, BEEA— V5T 71R LY, a-TRBF2 885 Uic2S, HEmRERM i e e et ™
ORFIEH ST,

4.3 TEHEEGROYS Y

L EREETPOME Y 5 V28 | 2T 5. BEBERES OO ER 28T, 3.7 & 8.1 ppm
Th 5. FEMESIESHE, 1.9~42ppmTH Y, HBREIVIEVETH > THEERE LR UFRETL
T3, LA LRREREHEasL o LR RBRRICSRHERRY b3 LTHEWETHY, Th £

Wik mEMLFOERAEO Y 7VEFR

Uranium content of granitic rocks in Shikoku district

e ' = % % U (ppm) '?(?/)g
333 | WHW m?&Imﬁ%mm»Emmﬁwﬂm7¢74rﬁi%ﬂmﬁf L7 0.00
336 ” IE‘JE =44 G ALTE 5 kbR 1, 000m # 3.0 ”
3 W WEH TREARIAROFNS | REMBRIERS (7754F) 27 v
303 | Mo B | Mo fA RSO Y S 7 B B IRTRE

(MAH196712 & 5 RARE)
o4 | v v ERE, AROREER | REAERESARENEME 16 |

H)
309 ” » R |k (R, fg 5 1.6 ”
322 | MR » KBRERAY BRA LR 1.4 ”
393 P v BREIEME 1.6 2
_328_ o= WM LR OGS | » T ”
130 | 28 | K&, ABOIE T W, B&EARE 8.1 0.01—
180 | - | mEwE ‘}%gﬁmﬁ% 5.7 | 0.0l
141 o i, WRRAIE 1.9 ”
125 ” BR, SRAE»HREIZIOMm A B } HERES 2.6 ”
143 ” K, AR3E 4.2 0.01—

S RN - T (1960428 A)
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51 B & 8 &K

BRUNR DL 1 2%, A B Y B EMEER O 20, BEEH IS R 5 e » OB 2B 5 DI,
bTFrOKRERB Lo THARIZ Y, ZoKEFH LKL X - TR LTS bk E 5
Lice ZhRFEPIGEESEME LTEEShTW BT & VB8 - A Y ICHokT 32 b 0 Th - THHE
DERDOWK SR LB Ty,

T 0 X 5 i KB WERBOIRIL G LA EIE 700m (2 3, ¢ FFHD, BERAROBLEST
BYIBEELIRC LD BT ERV., TORENS X I mOMIRICIOR t BEL, F4 L HHicELx
B, FFUBEEL LTORESEMOELSREREIT b, RAMHSERES 118, $518™W hLiclEs
T3,

52 MEERAE

BER U 7e U BERIE B S o F LA & 3 B @ > % — (Scintiscope, Reed Curtis #) ¢h 5, SRHE O
TERER O HO BB T — I BB L D LB <, BREEKI0 wur/h ORI,

BEREEE 30—35 pr/h
P EA 18—20 »#
7754 b 25—40 ~#

TEBEOEMAER ) RREVETH o /o DGO L ROM2FHENENERTH Y, BRRRBO=E
PRIEMERL 0.01% eU Ch 7S, =0AHHER 0.000% UsOs 0.00% ThO, T o ie. = DAHHEESH
2 RITFT.

WHSEGL OGO MEIT TR 240 wrfh Thofe. TORBRAKHDY 70 « b—AFIIZ, PRETV=
VICHETELDTH D, T OBEOSIEIE2HYD LR TH B,

6. HMHHEXY
6.1 a0
V5L bR RREEST I T 0. 06 B EESESh TV 3RETH 0T, #40ke OBHEFREK
¥, HRSE, 802 v v aFOLOEEDE, THIKESOMEER OWmMTEET 52 L2 TOHR

F2R BUITY e P —VEREDSWE

Chemical analyses of uranothorite-bearing samples

1 z 3 4
U0 % 0.000 0. 000 0,000 0. 007
ThO, 0. 00 0.00 0.00 0.05
ZrO, 0.01 0.01 0.02 1.17
Fe 7.82 6. 14 5.03 35. 90
TiO, 1.70 1.66 1.10 35. 18
P.O; - = 0.17

1, 2, 3: DR WEFDOIEREH Graniticrocks (1 : /¥, 2 : i, 3 : wE)
4: IEERE R A stockpile of iron sand

SYATSE ¢ BEARBANG « BUHRTEE - BRI, 1959~60
Analysts: S. SExive, T. Apg, & K. Isono, 1959~ 1960
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ELERITTobiic,. T ZERY 7 BRBEB AL, BBOERER(GEI) 04 % U Lo
#£%5. Zh# Frantz #] Isodynamic Separator % flv> THER LT7avy, 4.4% eU 0 b 0238 bhi. T
RPN a v RBLABOTHEBIRII DOV VI VBEVREEH CHEYT 2« h—AFEDELE.
Ll a vk BRitRET2RRFRICI 3@ ol, TT2 » b—AFIX 120~200 A » ¥ =,
T bHE01 mm Fig 0 L OR—FE -, §I3RICEOSMHIETT.

Crude O

QHEHEUOO®E >

* HIRRHkes & ATl

3Rk RFEDHO S

1

Gauss c/5m* | Wt

_ 203 — ‘ —

600 84 7.9 —
1,000 87 10.3 =
2, 000 75 5.3 =
3,000 98 33.5 =
4,000 140 38,7 0.01
5, 000 170 5.0 0.01
= 2,692 4.3 0.40

Separation by Frantz Isodynamic Seperator

G Part 0.49% U

T - weak 0.7% €U - T Te—r vh 0.3% €U

-/ amp. .3 amp.

10° strong 0.2% €U 5. 44% eU

20° 1
panning

T OWEOTERRAWILHE 2 RODTHEP L, BBOFRAREEZEUTKEE, 54 84§ 67.71 %,
RESKBR15. 70%, FH13.18%, Un=ar1.75%, EOML 66% LB sh 5,

\ \
\

\
\ Monocl.
\ 7hSi0
AY N
N\JhSi0\
\\ R

\ Cubic Tho, \\Tetra.

1,000°C

800

Metamict

~ 700

600

AR RIBREY T v b —/VREOIMRMC X B AL
A phase transition diagram by heating of Uranothorite
from Ashizuri, Kochi Prefecture, Japan
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6.2 TS b—ILEOWEKE

BitfkE, 2ER, AAEWRH 5. FRZERG, VIR, BEARHE, ABOLOLMARO L0
LB, WINEAER, BATREEAEREECETME, LR TL 000 CER AT 3 L Balins,
JEHTRFY1. 82, HEEIEHD6. 0,

HHOBERBLUA— NS OATS 7MKL ERT. A—+5VF7 5 7 b[ELK T OfFRZ31~
39CH b,

6.3 Xig=E

U5 e h— AEEEIR TS O XM REY# 238 5 T (Geigerflex diffractometer {2k %) 554z #
37 MRIBTH - Tme DT, 800C, 1,000°C7% ¥z 6 ~ 7 RfHZe & T L TR EREICXERE L Y
FEBRLUTEARO LS BHOBREE . +72bb % T amorphous @ § D73, cubico thorianite(ThO,)
formjz /1 b, -2\ ¢ tetragonal ¢ thorite(ThSiO,) forms k 1) monoclinic ThSiO,(huttonite) form T2+
BT ki, Pabst!™® pEEED LB 1) Th 525, BFEED L D@7 Y &R T Y cubic form 3% TH BHHE
BWPRCOREHTH S X5 Th b, 07 LS ONBERICIBRES 2 ) B3 50T, & LICRNE
Y 5ETH D,

M LV R THEONEL ABZ Lix—NICEDLR T 5
2, FOERRLICRFREEIES b0 L bicE4RITENER ¥558% EEETI Y« b—HE

+, WX X B L EpS Th, U oigpsicgeo Ce Fe iy O 5y B
¥R b LT Ghemicall anaflysis of uranothorite
' from Ashizuri, Japan
6.4 1t 2 2 iF
BEUZSKIZEE YT v P VEOEDNER, H5Fk0L ThO; % 62.41
BY, AHTREHIR 200 mg T, ¥ Tie h—AEN%, SA T 10.66
BUREFRCLALOTH B, A EEETHEIDRL & Ce,Os o
ZrO,+HIO, 2.62
WaH UvIFrc b AAONBC L AR THEOLL AL Oy 0.90
 # Ca0, 0.15
2 MgO 0.09
56 ik Ay
—200 mesh 800G X 6h 5,59  Cubic ThOuic v~ Fe,0O4 0.02
” 1,000CGX 6h 5.56 MnO, 0.00
4120 mesh  1,000CX 6h 5.56 TiO, tr
” 1,000C X 12h 5455 (F gk 6 h) P,0; 1.23
) 29 (o ) Si0, 19.62
E M) (non-metamict) 7,13 6.37 Tetra, ThSIO iz > T H,0(+) 0. 95
” 1, 000CX 7 h 7.10 6.32 Total 99.70
Nigeria (non-metamict) 7.10 6. 32 (x ) SHE L BEILE, 1959
” 1,050C 7.05 6432 Analyst: Kozo NAcAsivA, 1959

LI SHD b OMBIRTRBES u, WED L OBHREERE <, BV LR 0169% U T
Bhb, LichoT, ZOMFED U, Th OfEICIIEE A EEER VIO L AR S,
FpENT AV O ERSOXEDERD .

--100 mesh G 3.53
100—200 ~ 4.13
—200 ” 4.29

IS AR, 195945 B
6.5 HEDEEBISY . F—IVAEDLE
feskmicRbh iR oR@ay 5> - F—AARRS L, h¥ LR, BT I AL, BV TG A=
7 M, =wrF FMo hydrothermal vein thd & », New Zealand 7z ¥ #3575, T 0 5 Hifi 3 #i& placer
H oL o ¢, metamict THPILTv 5. v F KoL ORMERY Ric L, New Zealand ¢ ¢, ¢ ithuttonite
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Table 6 A List of Green

1 2

Uranothorite | Uranothorite Uranothorite ThSiO,
(Th, U, Al, Ce) (Wisaksonite)
(8i, P) O,
Location & Occurrence Ashizuri, Japan, iron | Masamba, Celebes, California, U. 8. A.,
sand from Tertiary river sand, 1948. | gold placer from
granite, 1958, Jurassic granite,
Color green green bluish green
Fly one none
Specific gravity =4 6.36
Index = 1.82 1.88 & 0.05 | 1.82 to 1.86
Optical and X-ray data metamict metamict ‘ partly metamict

800°6h cub. 559 A | 860°1hcub. 552 A 1,000° 15h mono.
\1,000"6}1 cub. 5.56 A . 1,250° 4 h mono. |

tetra.
mono. |
Chemical analysis [

ThO, 62.41 69. 36
U,04 11.07 8.43

T Ce,O, 1.75 ] 0.52

2 (La,Y); 04
Zr0, 2.62 | 0.07
PbO | 0.09
Al O, 0.90 l 1.25
GCaO 0.15 nil
MgO 0.09 0.01
Fe, 0, ! 0.02 0.63
MnO 0.00
TiO, G| 0.10
P,0; 1.23
SiO, 19, 62 15,96
H,O ‘ 0.25 0.82
total , 100. 11 | 97.24

Reference S, Havasur & C. O. Hurron, 1954. D. G. George, 1951.

K. Nagasuma, 1959,
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Uranothorite in the World

4 5 6 7 8
Uranothorite Uranothorite Uranothorite Cheralite Huttonite ThSiOy
(TR, Th, Ca, U)
(P, 8i) O,
Ruby dist., Jamestown, Colora- | Gillespie, New Travancore, India | Gillespie, New
Alaska, placer. | do, Hydrothermal Zealand, beach Zealand, beach sand
fluorite deposit sand
green | green green (dichroic) pale to dark green | Clolrless to creamy
white
none none a dull white
;
6.5 £ 0.2 Il 6.7 == 10405 5.1 to 5.3 /e
—— |
1.86 £ 0.01 1.86 = 0.01 x 1,815, y1.850 1.77 to 1.8 l 1.89 to 1.92
metamict metamict | uniaxial (4-) mono. mono.
cubic 5.60 A | cubic 5.60 A tetra.
|
|
64. 52 >11.4 spect. 62.6 31.50 76.6
9.68 ! 13.92 chem. 12.0 4.05 nil
0.1 <0.1 I=il 14. 21 2.6
13.35
nil 0.1 to 1.0 0.51 0.92
tr
0.13 1.3 to 13.6 0.3 6.30 nil
0.3 nil
0.1 to 0.4 1.4 to 14.3 2.3 tr 1.2
tr
26. 80 tr
21 >21 1945 2.10 19.7
very low very low 1.93 0.06 nil
100. 54 99. 29 100. 1
G. Puamr, 1952. | G. Puamr, 1952, C. O. Hurton, S. H. U. BowiE, A. Passr, 1951,
' 1950. 1953.
| C. O. Hurron,
1951.
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Uranium in the decomposed granitic rocks at the cape
Ashizuri, Kochi Prefecture, with special reference
to the green uranothorite

By
Shoichiro Havasui, Shunsé Isarnara and Yukio SARAMAKI

A distinct radioactivity (240 ur/h) had been found at the stock of Ashizuri iron sand and was
recognized due to green uranothorite which is the first occurrence in Japan.

The rocks at the Ashizuri area comprise biotite granite and quartz syenite intruding into slate
and sandstone of Cretaceous age. Iron sand concentrate was derived from the granitic rocks by
gravity separation for raw materials of ferrous coins in the nineteenth century. Main constituent
minerals of the iron sand are ilmenite (67% ), magnetite (159%,), quartz (14%), and zircon (1.7%),
and a little quantity of uranothorite. The concentrate contains ThO, 0.05%,, U,04 0.007%, ZrO,
1.17%, TiO, 35.90%,, Fe 35.18%, SiO, about 149,.

Uranothorite has been separated with magnetic separators and panning. The mineral is a
green, and is vitreous lustre with indistinct cleavage, and isotropic due to metamict. After heating
at 1,000°C for seven hours, it shows composite distinct x-ray powder diffraction patterns of cubic
ThO,; (Thorianite), tetragonal ThSiO, (Thorite), and monoclinic ThSiO, (Huttonite) as mentioned
by Pabst.

This uranothorite was discovered next to the similar occurrences in Celebes, California, and
Alaska, and it is conjectured as a mineral characteristic in the Circum-Pacific region.
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1. Abukuma younger granite 2, Kuromori porphyritic quartz diorite
3. Wasada granite 4,  Yakuwa granitce 5.  Ohibara granite

6, Kusozu-Kogawa granite 7. Sanekawa granodiorite

8. Metasomatized granodiorite 9, Twaimata granite
10.  Schistose hornblende-biotite granite 11, Oasahi granite

12, Meta-diabase-diorite 13, Nihonkoku gneiss 14, Paleozoic formation
a. AFRE b =@ e RN Ao AkHul e I f KWIEFE e WWARE
ho EARGER 4 PORE §0 KB ko KEEWL L REN m, AAR oo\
o. KIHR  p. REAL a0 W)W r BORE s It EEEL ouw Bk v H
a, Nihonkoku b, Miomote c.  Onnagawa d. Kijiyama

e. Kogawa f, Oasahidake g. Nishiasahidake h, Iwaimatazawa
i, Itodake j.  Otoriike ks, Ohibarayama 1. Wasadagawa
m, Yakuwa n, Nishitagawa o. Oizawa p. Iidesan
g. Yunohira r, Higashiakatani s.  Mikawa t,  Gozusan
u, Kusdzu v. Sanekawa
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Granitic Rocks in the Asahi and lide Mountainlands

By
Mitsuo SHIMAZU

The Asahi and Iide mountainlands form the large blocks of the basements of the “Green tuff ™

formation in the Inner Zone of Northeast Japan.

These are made up of granite and the Paleozoic formation. Granitic rocks are divided from

older to younger into four groups as follows:

1. Gneissose hornblende-biotite granodiorite (Oasahi granite) to schistose biotite granite

(Iwaimata granite), accompanying fine-grained meta-diabase to diorite and coarse-grained gabbro.

2. Medium-grained hornblende-biotite granodiorite (Sanekawa granodiorite) and so-called

FE2) Mo (B, 1964) T, KBETEHAC SO D Bo
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metasomatized granodiorite,

3. Coarse-grained or porphyritic biotite granite (Kusézu-Kogawa granite).

4. Medium-grained hornblende-biotite granodiorite (Ohibara and Wasada granites) and
quartz diorite porphyrite (Yakuwa granite).

Granitic rocks of the first and fourth groups are distributed in the Asahi mountainland, and
those of the second and third groups are distributed in the both mountainlands. The absolute ages
of several granitic rocks recently estimated by K~Ar method are as follows:

1. Granitic rocks of the third group ...... 85-92 > 108 years

2.  Granitic rocks of the fourth group ...... 59,71 x 108 years

It may be that data of the absolute ages for some granites are incompatible with field relation.

Granitic rocks of the third group are correlated to the Hiroshima granite from petrographical
character, ore deposits accompanied with it and absolute age, but other granites are obscure.

Uraniferous conglomerates and sandstones of this area cover some granitic rocks of the third
and fourth groups, which are more rich in potassium than the other granites.
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Polished surface of Nohi rhyolitic pyroclastic rock containing granitic fragments
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Biotite ages by a K—Ar method of granitic rocks of Mikuniyama-Okazaki region
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(8) l (2.3) 4 (12.4)
Ghb 5 L$ 10.6
TR Y Ghbs 9 h% )t 18 107 106
Bim 6 | 1.2 | 55
Dgs 4 [ 1.5 7/
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U7 REERIEE T 5 BE ST ARBREICIRCIRESRME, 5 iERKD» LY EEOBEAKETH B 20
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(LarsenN & KEeEviL, 1947; Hurery, 19505 Brown &35, 1953 a,b) B L, EREROMEY 5
EEPEBRICEEL, ThRREBEKTESCERL, Yrarkh ¥ oRllagmthor s vER, Ea4
T 5 HEEE10~30%IC &Yy, 7Y ThH S5 (LARSEN et al., 1956),

— 123 —



W% R oA BT oMo (232 5)

¥ Kk

- %53 \

48X xs‘.
T e
!'=|'
X4 48 \
Py
X359 N 8 (.’ ,B
o
L =4
(/ " ’/
7
)
J
- i
[ ] _,/
!
e L‘\
\ -~
e
L 4 x)/
e
\ EE //
\\ =
\\ " //
\ . X57 ~
9 > o
2 =
i -~ @ 03 Tk WL
' &~
VPR o 0/~02"
% //
e T
o .
P o .

HIBEAE O CEd R OREE & REG SRS - KARHRS L O O I ME OB 2R E L b ©
OB LA 0y 7 R L i IS b MR R
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=@ & RS 7 & He (1966%12A)
BWUE EhofLvr 774 METERS (Ga)
Decomposed aplitic granite (Ga) near Mikuniyama

hEFERE O BN (139kmY)o2igicbiz ), 29 K IEHEESOm OEE THEY 5~ (3 5ppm)
DARPWEPRL T B LEETS L, BHY I BIELBY 7 L TR25 t (139X 10°) X 50X 2.7 (G) X
(5X107%)X0.2==18,765t ) TH 5.,
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PEWHY 7 BOK 1/10 Th 2, $KRORRETH S PRI O HEYEO Y 7 o BRSRENR L 2R

» T ORETIREAL 0.03 %D QHTFOETH S 525, 3~ 300ppm U pfEEHoy 7 v 2MR5
L, BEMICELShZY S VB, 2o 1,840 t L EshikEvEEbha. LHL, 277 tE3Thb
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TEFn4 148 B A

Basement Granites of the Toki Uranium Deposits in Tono Region

By
Shunso Isurrara and Yoshio Suzuxkr

Toki granite, having demensions of 12 km (E-W) by 14 km (N-8)—139 km?, is the northern
extension of a wide exposure of various granitic rocks of late Mesozoic to early Tertiary ages at north
of the Median Tectonic Line in central Japan. The Tokigranite intrudes discomformably upper
Paleozoic formations. About 3 percent of the granite is hornblende-bearing biotite granodiorite;
the rest is biotite granite. In comparison with those of so-called Ryoke granites, which are dis-
tributed between the Toki granite and Median Line, the Toki granite shows characteristics as fol-
lows: 1) discomformable intrusion, 2) no foliations found, 3) dark-colored raidoactively damaged
quartz present, 4) many drusy pegmatities with combinations of ordinary minerals and no garnet,
5) more acidic and sodic in composition, and 6) high contents of uranium and thorium.

Neogene bedded-type uranium deposits mainly occur in arkosic sediments just above the Toki
granite. A possible source of the uranium that has formed the uranium deposits may be leachable
uranium of the granite. The possibility was discussed in referring to expetimental studies of leacha-
ble uranium of granitic rocks of previous workers, e.g., Larsen, Jr. et al. (1956), Kryrov
and ATrasHENOK (1959), and many others.
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Chemical analyses of the granitic rocks in the Tango province

Si0, | TiO, \Al,,o,,;Fego,,, FeO MnolMgo} Ca0 :Na.gO} K,O H20+|H,O“ P,O5i Total
77.08 0.08 12.82 1.04 0.4 0.05 0.07 0.37 4.58 3.37 0.05 0.38 0.01 100.29
74.60 0.18 13.23 0.93 1.13 0.10] 0.49| 1.11| 3.65 3.85 0.25 0.33 0.06 99.91

74.26/ 0.24) 12.30 0.98 0.80/ 0.07| 0.61] 1.65 3.40| 3.55 1.64 0.61| 0.04) 100.15

S L oH W N =

68.84 0.36| 14,93 0.95 2.44) 0.21] 1.54] 2.89 3.17| 3.94 0.38 0.38/ 0.09 100.12
67.85 0.36) 15.27) 1.87 2.14] 0.10] 1.74] 3.22] 2.95 3,89 0.62 0.50 0.10] 100.11
67.82 0.41| 15,90, 1.55 1.63 0.08 1.38 3.84/ 3.84) 2.73] 0.66] 0.02| 0.05 99.91

1 bR EREM (b Gt Fine-grained biotite granite

2 EH{GRE GRS B RBIBART) Miyazu granite

3 EMIEME CEmRFF TSP RRE0I) Miyazu granite

4 TP (AT S A LTS Tk 4 ) Granodiorite

5 HRERE (SRR Kumobara granite

6 EWHiERE (Bt hA) Miyazu granite

3 MBS AR AREE (1966) X 5. SUH | EEFE
1:2,4,5,6 : $K (1965) Ic k5. HTH 1 Kiav
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Granitic Rocks in the Tango Province, Kyoto Prefecture

By
Osamu Hirokawa

The granitic rocks of Later Cretaceous age are distributed in the Tango province, the eastern
end of the San’in district, Inner Zone of Southwest Japan. The rocks intrude Paleozoic and
Mesozoic sedimentary rocks, Yakuno intrusive rocks, and Cretaceous acidic effusive rocks; while
they are unconformably covered by Neogene sediments and volcanics. Among these granitic
rocks, an earlier granitic complex is distributed in association with gabbroic rocks in the south-
ern part of the Tango province. Coarse-grained adamellite~granodiorite (Miyazu granite),
the next stage of intrution, occupies the main part of the Tango granitic rocks on the north of
the earlier granitic complex.

Small bodies of younger intrusives, such as granite, pegmatite, aplite and so on, intrude
the adamellite~granodiorite in some places, and some of the pegmatite contains such accessary
minerals as ilmenite, zircon, monazite, fergusonite, titanite, tscheffkinite, allanite, and xenotime.

Uranium minerals such as autunite are found especially in connection with carbonaceous
matter in the conglomeratic basal part of the Neogene sediments above the erosion surface of
the biotite adamellite.

=HBd=



552.3(521.81+8.3) : 553,495
M.1.4 B fELRSEHIR O A

A W E OER*

= =]

HR 5 43 AR A ~ B AR 0 KR B o0 B b IE R AT, & 2 CHKY 4R 5 B - MR LRSEHbR
1, ZDKEIEHOTSTHMBICED Sh A HIEO—0Th 5.

Z DRFHO KEBIL, KIEBIB X T hicsif BREFEOHEATER L LFT bR 5.
KUTEBNLIER 2 B % FTRUEE, 3 X OWHSEEEO KB (BERARE - KBRS -
RE%) OWHEEL T 5 Lo KILEET, WA IBRERESLIELERD b3 REREL T
Do THIEfEL IEMEHOHATEEIL, HARMO L2 s 3HicaTbhd. 818, JLiEhcEEs
Te BR & b ODEMEE ~ DRSS - T - CSOEE - TERMASOIAT, INEEETRL, BiERLRRYT
L 5B 2 WIIRTERIBIRES » 7 7 4 e BB O ERRESEEP b1 5, 3 HIRRK T PR~ BNEERTE
8 OW—DBH 575 B ERINEE R R T 5.

5 2 WITE R RRLIAE, 3 MEMEREE 2 MIfEREEodikic Th ZTh AL T 5.
MR Y 5 RRE, 2 #% X 0% 3 B REEO BATIE i BT 558 S LI oS,
HBVIZKIBEOEETICIEA L T 5, = OROMERITEE « LIBT3 NTEIELE OHsk 2
R&EWTH 5,

1. £ Z M

ER AR, PERBH~E=RTHOKREOENTH 5, LINHER JUCEERIIEE~
WRCEE O QO RS L, Thb 2B EMEENECHERE DT L TnB T Lid, AR L
AL TVELZA5THS,

Z ORHRO RIBER X OERAEO AR, dbhiitiRs —Sk< &, ity ORI 5/
BHF e 2 T oMk &, BEHDFO LS WSO 2 o KBl sh B, i, W O PRI
T REBAGICIE, T ORRO Bt KRIESIOEERBED bR,

ZHOWHIRO KFIEENE, TOREPFERIZELBTHT, —BRLTwH &, ERgicbi 5k
(W BAIHO BN B AT L, Vv CEARROTEREEO AN Ly 5 BRI/ EFLTAHLOR S,

T ORIFBEEL, BRI « KIUBRERCS « WIRARSE» OHERENE Y, WEEREZIREL b
%<, KEGPEBEOECBELRELTTH DI, H»b [EEEE] 2w 54K TTh, 2o
BTHHEDN T, L LPEs e 2 RBEEA ORETE, S, Thid [A3EE] ik,
KIVBBERTH 52 L3P D bh, PO b0l TERERER] £34HR00 bhi.,

Z OB T, MEHFO TRERE] Ko T, BHERBED» S, RHESED bhiEE,
IhbElk, A—oKkUREEETHAZ LPHAL, RMEZhEMER, ToRMEIERE b LRY,
TEHBEE | v SRR LS, BIEICEST, BLEAYEREhEVREBIE- Tw5, 35, Tok
B OB~ B A F B e S, FLWEEP» S, Flllie « OREROEE LBREh, 0
FEYE B AT KNG O BB SRR E N 22k B,

MR ORE LT/ - HERETOBRECERI, FHICARZ ORI LEI IR
HLTHELTREAWEES,

Z OKILCEBO B < TEREEO SEAREENE, Py & hER & Tk, Zo#E k) Bict 3,

* (BRI ERAE AT GEHLUETD)

—135—



OB WO BT oW (F 2328

Thabb, PEHMFICE T, ERESCEEICH K EREEOEBEN, A« IATERE L Eh 2
~HROBEREMAOHATREEND Lo TH IS, MEHFOENE, EREEOEENSRL L
bIBEMICKOSh, poSBELEICER, 2L LThk ) EELBEYRL T 3,

T ZCHLY LS 3 BEL - MILREEHIEE, Ricif 7o i KILTEB) & YRR RIE B & OFTRE DRSS R
L AHIRDO—DTH 5,

T OHIRO KIS, ok L Eo RHBSBOREIMT Abh e 0id, BRIBAETESICMET 2/
WELPD, BY 5 U HROTFESRE L, KT YRSz b 3 HHEREEREREOEHEOBR
BT, B LRSI AE S 5 AR S, BUHEEESRRSRAZT L SlEe R L Tfihbhi
IBichle 2 ERE, £V 5HA0 1 TAE] RIEBSIU M| RIEoRAZEL T L LT, g
Wi B —BORIFEREEZ b ->TRLDHETE, CORREETR, ZOHBOHBEER L LTkLE-
Teb DRIEE A ETEIE L o 720

ThE, ZoHEEZCD, WSO KRIEEE b0 R ERE LSS TS, TAET
RESHICEMEZZ SR TV KREE S, PR VEEELOTHEZ L AHPILTE L, 20X H>aH
FOTFIIERE N BREMEN BROFL0 1) B CBREHER WRI0OESO 1) ORT LRE
DZLETH D,

BLLT, WESEROBC LR O KFEER v TR, $EAMEO—BERBIEES TV
DBEHERCTH-T, ZOHEOHRIISBIZESR T3,

2. WMEOBE

B OB, EREECERAZEBVC, TOHROMERROBELZR UL LOT, BIALCHEA
R, HMBEREFRTO 5 H40 | ERIE [&&] - [HE] - [REEE] BXU [EHE] 04K
BTH B, LiciioT, EMAEHIREBEE V29, BREEBIUHERERIVHLVBRICET 57
B (R UENRIL ISR L LCEKEITR) B, ThBh—ELCRRLTHY, BRANEOHE
LR B CEERBGUICE R LT, &3, BE LRk, B« MRS o—Eieir
B 5 NBEAHE 2 S Mgz L Y, LRSI D ¥ 5 @R 2 St TR L
DTHBDOT, &L LTERIZE TS,

Z oM O EE R BRI, BROTCLOPBIEET S L, 1) EWERSEE, @ RERpEoTERM
) HARBMOKIEHE, @ PERBI~FESENMOEREE, 6 HESREFEIHOA
ThEiE, 6) fEmtokUEE, SO 1) HEER»IOHERESA T3, HERTE, ZhboME#EmR
Boos, 1), BBIREEEhZh—IELTREL, MKIPERShTRY, $kd)il, BfEOMNRIC
XoT, BRGENTV B, &, KL HFEET B EE, R EHEYSIEE LT 5.

Wik H OH B O X

% L} e 2 B L HETR
I 1K L H
108 357 1 K L0 S 3
) % = ) A ® K B
F S Ik B 300 ok 1

HIR O~ 2
AABE (351~ 3 W)

= b

= 2% )~ = % 3 2 R
FAERBH~E =Ry PATI % 2RB]
SINIE R PIR S (R fUsRag)
- & EA 28R kP

— 136 —



A
Alavium

FHZRUH o KIERs ¢ o EMER
Voleanic rocks and sedimentary rocks since Meogen Terdiary

PI54 ' RRABBERE
Aplitic biotits granits

- B RRGENESE
Coarse-gruined biotite granife

t’lﬁﬂﬁﬁﬁﬁﬂﬁz ARG RERRE

biotite g

HWRAMERBE7 L A 0%
" | Porphyritic hornblende- biotite acbmelite

8 %8
__dopmsms

WY~ R RRBT L ANE
F { ined biotite /

HHPERRRER
Late mesozoce igneous rocks

ﬁ*}ﬁﬂﬂEﬁxFﬂ%m?ﬁﬁ% 6 x

. edc

IREE HMELHE BN R B EHERE s »
A | Granaphyre, plagiophyre, Fine-grained biotite granodiorite, eke

KA E & RKBIMEE » v
Gobbro. guartz dionie. efc.

V) RUEH B & v REER
Andesites and Riyolites

RE DAL TEIRE ~ ERMEHE
Bioti granodiorit orite porohylite

RETHE ERTHE RETRE s v
(= EDRALE M)

Black phyllite, siliceous phylirta, green phyliits, ete.
(Sengun metemorphic rocks)

S

5
-+
+
+

+
+
—+

-+
+
-+

+
+
&
+

A
T
g ity

ad
._+_
+
_+.
e

+
{

_|_
&

I

N + xxxxL{xx ‘..’
i‘_’j;\_} 7y XX RKAKA KA A K

E XXXXXX X

&
+

B AE o AT R A X



B« Wl RSO EREE (F L ES)
HoFk PERBRH~BZROVHMAKREFEREX

} WRL~EH (BR)

| 7754 VRBREREMS
‘ BES | e mmnya ) (BRI

, e e e ——

| AN RERERERE (RATENE)
MR ARG RERT 74 v S (AR

f "= B~ PREERET ¥ 2 vl (HELRE)
g ' o BEBEMNGE (FELEHA)
AAE — —
| | v 7s4 rRiEHS
| Schmes - mzes
gy | TEMMEEE - mXRESH

MEFHE (F¥XL)

HEM S~ AR - PO
392 1 S~ WA

-3 i} H

(BER B0 « KBRS « BIKE - BE%)

BREAME R RE~ERRGDE (RNERRESR)

' MALR BRI HRRAE~ TR
|
T

ZhbsDMRBREETTHEE IROLBY KEHER 5,

&b, WAREHOKLEE, BXUPERBE~ESRMBOEREE (FREABOTERERL LS
i) &, ZOREARPOMBERZE VERCANT, SRR ThIgE 2o LBY LS,

UTFiciz, ERo)~MicowT, 20oBEZERT 3. 53, B1RHIVIIE2RERALTH-T,
PO~ NZREERTWEVLDIRSOWTH, TOMESHRAOL P Chth 5.

1) ZEREREE

HBR oS, EEEEL LTREALTH3b00RERIICHYET 5. ZOBRERR, <
OHIBOLR T E B IRAHPIEL R 5.

T OEREER, HiRkedokBrRTRLVERBROEVLOT, ZOBMCHEENRD, HEIVITER
R EME SR 2 e e 0, FREER OSARES > B LT, Thiddbiuiigs b hEibS
RPFTHAT S, SHERBRORRGE MY T2 b0 LELZOBRYTH S,

BeTEE  BETREB LUBRATEAPLEY, ThoBRENEAERE - Fv— bis TUHEEMK
WS, IRIRESRRIEH DB D EE ZI CTARES NI b O ThH . kL LT, FIFE - WHHOHE
bOEHABEEEERL TV 5. g, BRBEHOL TRV F v b LTMNEEEROORBEZ LD D
%,

CTROBHE D, EREEEAOHKEBEZITCTTRATHIV L 72V REE T I T B,

) BHURBROEERSE

ZhizowTh, PAREH~E=EOM0EREEL & bicglt+ 5,

3) h&ERBHOoXLES

EABERLBRREE I, ChEPERG B L UCPEBFIZELS SWL, AT MEdgrs ] L Eps
, BERKUREEEL LTEREDATY 5, —EOKIBEO—IciL T30 TH B, DK
L, WMEICHR B L, RERZIE~TECEEOBEO L ORENIZES WA, —F, RIUEEOhEOL O
PHIBIC X o TRPRVEBRTHLEZLABOLEA TV 5. £, FEIR—HRCEHEEOREEEY
BoTHELTYAZ L b LIFLERD BN TV 3. LRL, ZOWERVWBWARET, 0k 5 5BI%
B Tw50R LI, ixdThEhoEEEs Lo, RE LEOME, MHEMoME, #

= J87==



BHEMEFTGRE (2225

ELOMESZOWTH, EFMEEEOBRMICh- T, BALRES TORVWORBERTH . ZORE
1%, KIEEOBMIC S ERAEOEHAR L b, RALPOEEERSZ Z LIYRATRERELE
5T, SHBOWEME LS,

Z OHURIZ A 2 P AERBEIO KEER, RIERB L UARLLE~EEROmEEZ L bicd A
T3, MEREERS L CRILREESE ERARE - KIUBEERSE - BRES) »5h 58, #Fkkil
BREEHOZPOME SN 5. LT, BECIBRBENLELERDbIZEE,D, ZOKIEST
B AU B EHERRE LD b0 TH BT L A8bRS,

ThEDKIUEER, HEREELETZHDT, STV A LESTREH S BT L, 1B
DEREMERGLY, PAETIRIDBEERIELLTWREY 25 5 hEEARELR TV, &
DT ik, TORLEFHOLRID, EREEDO FLICRI2 D THEZ LERLTVEEVE S, &
72, KUCEBOSHHEA I, Lid LSS, SEONER, b5 - REMEASO/NEERL Lih
hBZ LoD sEETHS.

BB, TOWBTIE, ZoKUEEHOBERIRHETH DM, MOSKLCEENICHETEERZ O#EN
HEL->2H 5.

4) ThERBY~SSROMOERES

ThigowTit, 2) L& bickETTRT 5.

5) EHENHOATRIEE

ATGIRD & IR OHIBIC 4203 €, WEFELS hiefEMERORE bo, MR L cBKEMHERET »
B B - DEEBERE,ORY, SESKhIEMLEPD, £OARBRIZETMONCH S LHEE
T3,

ZOANEIEBOTEE, 2L LTREBTICREY 7 VEMBERLTWT, ED LTS, AKIEIT
BHBEA S LEEORBENELDOTH B, ThIZOWTHE, HTHELLEREh LD LEDRS,

6) EmitoKlEE

W% 1 T HEE, BIoThildbotigicrl b EviiRicbics THMHL T 5.

ZREBIURILEORE L, REOKLBAE GRABESIGE L) #5533, BEREOCL
D DI REEITE

EROFWE R, WEEAMREE LRS- BEGAELRE « WBEERIHaRILE - HEHA%k
BRAZILE - FIEG ARARLE - WEEERENE S5 A NG BERAREUESIER iR K\ HE
bl BEI EDbh 5.

BB, ZOKUBEOTHICR, DUERERARSESEDLASH, ThickHREB»OET S
PR BB EIRT T 5 008 H Y, T OHS L L ofsil kLA L oRlic RN ERA TR
&h3,

T DEEFE LA X D FEoKUEER, KUKl X > TRESh B EEROKLERTH 5.

N & M R

WOk & O F RGO TR 2R 5 WM RIE L A VKRR 50 5. Zofbici, #lE
BRI X OMRHIRIC I T 2R AR H 50, T CiREKT 5.

DLk, EREEFRVIEMOBRERIZoVT, FOoEEZBRLLLOTH S,

3. TEEMBE|ECONT
ZZ TR A EMEEE, MECHMEOHMETKES L HERRO S b, 2) DRHURROEMER LY
DHREREI~ FEZRIMOEHEHOTHE b 3.
1) BHUCRBOERES
ARG iz 6 P AR o KB O B, b B H LTy a/MaERE I hic
YT 5. DHEBEEHEFT3XROAHTE L5 T, RNEMPRB S L4/ TBbh T 5.
OBk, ThicETARERBROKISEIEDL TV 30MREBERLTWA T L L, KIIEER

= l38=



JBEL - LR O RS (R ERR)

DOERETH AUERABEPICHL LTEF SR TVEI 2405, KIUBEHOEHOBIICE, +CicH
RCBEHL T b0 LYlfshs. 2% Y, ZoERSBEHOERBHNE, FEAENOKUEED L X
DHEHECLDOTHZLVIZLRTEEDITITH 2.

— iz, T OHURO LR BT, oMRicR T, ARG O K LEEICIET 5 BEIR AT AL
BRAORMT, EREESRPEBRESCEIPMEEShTW 08RO EN3BANERTIEAEV. Th
ik, KRB, TTRTh L) ERBROTCIERSEARISTFEL TV w3 T L 2RPRT
BL0TCHBN, TOLIBFEENLMICRMELAEREFEEES, BHLTY3HIEbHTAIv,
ZORNERIRERE T, HERSDOTAECRE, Pl bRUEEPIEBL LTEESRATWEED
ERICHYE T3, EREEEAOBEOMEShI—PlicEY T3 L0TH S,

Z OBEEE, BERADNAERNRS~RERPREE A0 58, ARED 5V IEHERIIEARICSE
ELTy38E58£<, 2L LTREHEMESRTH 5. SBNCERERZ SRRSO, %
ZOBERBERT IV HLCERIEHEEL TV 28, 20D TIE, " v 7=t 2{BEZF T
3,

BRIV T, BICbEBLEX e, PARBEHOKNEERHLE L) & LSRR BED v
b cHBH, BHEBOLILH 2V EH ErLELZSE, BT 5 X 5%, KIEHELEELERE
o L HEES N B3R LMHOEREE, > £V | HEABELED L MEE ML Tv 5 2 LA T
BHBOT, ZhiE, KEEICRTTS, 51 HEASEOLRE A SR L —SERLEs b LED
hd. 2£D, TOIHAR, KUEEOBHRBE & 20 RRheHeRTRAR L, KIBHEERE
BREWRCRICHAREH L EL TR &R,

?) bR~ S=RnoEEaE

ZORMIC BT A TERSEOEEN, AHRo 2k b, FEMYSIRICIET 5 ER i Lk
HLTW3L0Th5.

WHWAREEND, ZOEREREE, BB SePEREHoXKIEEL D bHFLV-RcER SR
LOLHBT2Z LA TES, £, ZOHIRTE, FHEEHNEEX N KIBERBCFERS Ty
Bo LIetioT, ZTOHAREEL, fifREsE, gt SRR bha3 I Lichs D
T, T TCR—IEREABYE~ SR v I ERE Lo TR L ET S,

EBIT, TTIEHENATEREAER, 2ORARY LoREER» b | BARE, B22PEARE
BIUHEISHFABTO SHICHIE D LTROFEI OB bo L L BYTH 5.

Zhbd g1 H~% 3 WEASET, BARHOME LRI, ThThOBEHER L 2 THEAME,
S, FAWE, b3V RERBEEOVA VAR A THEKER - HEBEFE LTV 5. 20X5%, &
DIERPHEE O AR EO RS- Lo, WPENZLOTHS L L ARBNIZVWES. L
L, TOME, HIRIc Lo TEZORBREHENS 0T, TRTHEF—IEL T3 LRV WEENDIELLS
ATH B,

PUTFrRAHMIteroErRf~2z Lzt 5,

8 | Mo FEABEL, Kol pERBEOKILEFICERCH s THET 20258 E T35, b
ZEE 2 AR E 3 HoEMEETz L ) T EhARBTEET S HALLELERDLRS, TOX
S REBEOHETY, MrOEEL LTRINILTY 3, &5 EF T CERNICE0SMRNEEH
REL, BEELESEDHEREFTL T30, HEWEELEDBZBROLNELESBRIROBENITND
Bhad, ZOYLEROMBERLITHWS. £, TOVWThAOBEIBT3IcLTY, Blckid s{F
MEBBICE-> T, YIr0BEIE, ChicHEL TALESERLTREFEELTYB L 0O H, L
LIZREDHBNBE5Th2. ThbOHEHZ2EZEDLES L, FH1IHOEALEOFHNEDERD LA
i, 2pOTHRKIEES EAEEL TWRL WO AEENFEHICEZ LI EDTH 5.

ko, §IHOEREEL KIS E 0f LoBERBRsLENT 5 L, MEREDOL-TE
EaEEERITL L, —HRKIUEE LTBEFED 2V i3EH Le b0 Ch 0, Midil FERTic A RR L
Lo, WHRRITH FAKIME L COLBRTZZLOTEZHBEOLDTH IR bANE .

— 139 —



HoE R ERRE GF 2328

FB1EEASEL, R ThbhEhBEEERL TV,

D, BEHUE~PIRE, SHEEBNAT OMOAEREE, XAEY, Mo BENERE, L Eiuy
7?4%%&%%%&®i51,m%ﬁ@%@m6M£@%®:$6$T®z@’btv F fe A A

DEMBLICEATH S ELVFENTH S, Thbm 5 BT, UHBEER L UREHBfh L k23 L
ﬁm CEBLFEEFRL IO TH S,

#E < 2 WO HABENL, KEFRER L OChUREOMINIZ AL, EAREEZ 2E—cT 5 SHER
TARIHR T B KRS AR LT, e LTBERREEEZBRL Ty 2 Lo EAREBERL T
be FEAROTEME, HECHRTIREE ZTHEEFL T30 TH 52, BRAHOHK 10 ~$100md
W, T 5 FE OB S SR E R THE2 S 0T, HEOEARHORETREZITHE LA
BEMEZL AL, Tk, SERHERE, BABYLEOKRESABBESAFEELEVWZ LERTRT L0
FEZBEND,

Z DOHIROE 2 HIEAETE, FHICRKRE(IRGT I LATE, »polhbikEhEnEHEIC
HIRESIZ SR & {RGEN T2, Tbb, El—H b PE BEDE RS & 28 & T 5556
(AR L 4T BT 3), Zodbhicid s e, FeRICHl~ PR BERT ¥ A nigkE
LT BEE (B BHERME L 40 BT 3), T cl ~ RO PO B R DO & J A
LT BB EIRIERA L 4T bh Ty 3) L WA TEI, Fhehotliz 58 L, &kl LTIZEFENE
~WSWHRICIED 7z, IEBREABEKRE b ) REREBBEZERL T2 TH 5.

188, ZOMOEMN, b ZHERIC R L RBREW T 2 R T R ANEEER Y X A nE (B
RIEFE L BT R TV 3) 83, fho/MEke L io, AREOEE A BT Ica8H S Wi TR
FEELTV 2,

5 2 WO WA ODATHIE T b 5P IE, 20> CHESLBULIER 22, 2o/ BEEREZ H o
T h B, VT RO RET 2 NBIRES O ST T 2 T, Z ORI & S0 7o Hull P o UL
ERT AN L, R WA 5 9 2 WINEAEEE, B L FRTERE B X OVR AR R i
T%%

ni, WM T B IR, OO I EMEAEMICELT LERLDE LT, BAMICRRIER
DFEEERL TS, LIELIETED bR 3 A0NIBENTH 5. T 0MRKIE<25 30, it
HERIFRIC B - B Ths w25,

Wic, RO ARERZ 715 3 MIREASEL, FEEBLL, - 8 2 Mo A BRI 4
L, ZOLREAAFECET DI AHTCH D, LiHsT, £0ODMEREELHTARTH 5.

T, RO RERERENEL A KBS ), & EicMERTRIz-2), H30b 1 ER
PRELSEZEL THRBEEZ TR LY v 3B E@Bobh 3, 2L LTHEELREbD THE N,
BER 7 ARSI R T 2 L 5 MM T h B, T 0 X 5 EME M B AR, ThETICRRLE
LB KO 2 0 A SET L 2B BRIz 2. 2, HEAMMIOL 0 Ll L TEEEEZSRL, TR

DIEFAIGTV AL L THET 2R LTET o h 3, &, ToREPicE, 7734 VEORHSH,
HWERIRT & 512, B TiEd 525 Y EvEBcBRAOmE R LTy 5,

O 3MOERSE (BRIEFELA/MTHRTV3) 11, B 1HB X 0E 280 ABEOEUD S
MEloiz, ) EHNEERToLS L, LEiC i&%%&@ S .2 T IR OB
TERD B,

ki, ZOBERPIZE, BEEASWS, 2P RF BT 0T Y, bhHCRERBERSD
AR L, & BICHZMERE B LS L L, WHER - IGERR - BERMEORMBRICEL T L b,
filziziz e ALY RSN B ETH %,

TRLEDWHNAREREEXADES L, §3 Mo EREEZ, Z oMo R ABSEOEMEY MY
TELDEEZBNRS,

¥, PRICHl~7E | #i~% 3 BotmMEEOEAR, ThbT~TEYsFT, RIS oMK

H~BHEOBIRPHETI TR O S, HIROEAFAEELY TiEd 50, SEmaEms LTiE, NE-SW

140 -



Ko« LR SE R o0 FE AR (il IE AR)
Figis L O NW-SE o> 2 Ffias, WHEEZEDbhB LI Ll TES,

4 BH & o

Plicil~e X bic, ZoMIRoBRERE T LD &5 KRIEBICET 234, FAo0bh T
PHERENREL, LERoT, KREBROFRICoWTY, B—Shi RESEERSIEATHRVO
DERCH S, L, $1H~83HoRAESEOFARHONBBERONE, 5k ZThER
B L L kBB oMAA I RIS, D LLEANE AT, 58S bICH»D b3 <& BENEE
LCw3,

feds, thEHE O ARSI~ SR o K RIECBM S S L LT, RERICRIT 5 KRB
DEEAF ORI S 5. RIFOMEMEIC L - T, ERHOHRA v A—D 35, BEFMCET s1EHE
B, PEABEOKEEEPZB S, »ol 2 RS IHOHEREEIEPrN 3R, hHs T
PHONOOD B, ChRFEL hE, EREORFHOKMIEEL, PERENY~H=ETH O KBIE
BiL i, TORBRBOEIIIEES Ly SERCHBEERICTAS, EHORIIELILT, KE{RIETE
BhHVEHEHEL TS L v 5ERICR D, BREORKOXRIES L, ThicBiEd 5IER# O KIE
BLoEEE S BEORHIL, —oOMOYRBL T3 T ik, SHELICEREBE LTITCD
DEHFEN S,

ThBRIRBEELT, K% { OMHERONESTE b, BEFEEBRES N TV 5. TRIC2WTI,
ZOBEDOZP 5, HREEOERERD 2V HEARNE, —SBNIERST3 2 Ly AnaaBER
HBHLEZLABDT, TZiLEchirnT kict 5.

23, TOHIROE RS> BIRBSIRIC b E Y S VUM EET 34, v VEIKELT, BiEOL
5, AFRTLEAOHEZE T2 b0k, ABEES LUEh X ) BdeoiRicFET 5, {ERAER
HAR L UCHR L B SR OKRMEEE, &5\ Ia kLR EEE & FERMTICED bh 5 #RK
YT UK Th 3, BfEOL 25, ThiclBii+ 25 bo b ok, PEBFOMOHIRIZZED i
TwEl, LaL, B5E, hEMEEFT L 5 B o hiir o, EREEIRcEY T 5 1k
THEIET, 270 HEOK S RHERB Y 5 LV HROBEESIEDPD bh22b 5 C L%, R HHIRICEIT S
B L e B 4 0 Fic Ris L AR oL LT, TOREOEE O ke, £ ofi@zignrL v
BHDEEXTING, %D, ZofEcowTH, oETERESNEZ L B2, E0kHkill
BRGOBIICHERITREN 300, £7olBe 2T ERBELIOKICY 0k ) &2 Mz boT
HY, POLrOXS EBEHFELTVINNE VS BEZAEL T 3biTCh S,

3T dkED

BEE % (1963) : ML AT EOHB=%BF, ARTARE @TH), vol. 9, no. 1

FIFAHE « IR« 85 1 « FHUERS - JAHEA (1961) 1 iRy 472 L ZOTROME—E 02,
BRTRCENE, HEkRly, 548

TISFERAL - M RLK (1966) © AFFEEKRAE © K-A dating (V)— P B RO TEREE—, 4L vol 56,
no. 5

4L - WM R (1967) @ AR KA D K-A dating (IV)—JERIEHE, RIKE—. 28E vol. 57,
no. 5

ARFEE (1962) © B « FILR T ATRIEMRRE D 7 5 GK, FRPREARREBIZc#, no. 2

=W 1B (1963) | LRAIRICE 1T 5 BB AER~HESR 0 KRB ET s BB A SNTE (1),
g5, vol. 50, no. 2

BIRE (1961) © RSB BT ASE © =FRAERGE, ik, vol. 67, no. 793

B - PEEFEZ (1967) @ REMNIRIC BT S HHIFPANBEEE O KIUEFEHE (1), dinXEs
#4L, vol. 17

1) SERBAR ORI EIEL Th 2

— 141 —



HOEGHEFR®BE (F 2328

FUNERR (1960) : REE O HERKRIBEEZ 0 2 —— BEIRPHISOEREE (HS), Hug, vol.
66, no. 778

FINERR - KR A (1961) @ 5 540 | ERIE MBE] « THA] BIORRIE, HERED

FHGERS « INEHEF] - KR B (1961) : AE—ARIRROME, 75— 20BRLEN —. PR
I

HILIERS - HARSES « IWmEEF - WES £ (1962) © HpE#E O [BER (~HHE=R) KRIES @—Wl
Bl — (3HREES), HiME, vol. 68, no. 802

FHUIERS « —BEE - BA F: 5 H50 | WERIE TSR] - [BlE] B X oRSES, hERE

-
TR « F LA (1965) @ PETEERICE 1T 5% AERBEEEO XL EFEARE (1), 1LRAEE
&, vol. 15

W il B (1963) @ fILRHUE R X CRIBEHE (155400 1)
KERF (1962) : 5 740 | WEKE [ - TRl 8 X ORBIE, HERER
KERF (1962) © 5 F40 | ERIE [HA] X ORRE, WEREDN
PSR AT AERTIZE 70— 7 (1960) © PR A AROHAME — B e~ FB—, WIREE,
no. 50, 51
SREFEE - BUEE (1959) | BIRRZEITASEOHES L UEE, MILKESPZEH#RE, no. 25
SHmaTa, K. & YAmapa, N. (1966): Potassium-argon ages of the granitic rocks in the vicinity of Ningyo-
toge, Chugoku district, West Japan, Bulletin of the Geological Survey of Japan, vol. 16, no. 8.
G (1957) | SHRRRME ORI >V T, FUKRRFERT#E, no. 19
FIRGTRIE - #2ILME= (1961) @ ATRIRERMEICS T 51EME, vy v— TORRE Y —, Ff#

I
2 FIERE (1968) @ ATGIRGEIL RN —BIRAED v 7 VRO REICET 5 =, = OfE, g,
no. 87

HilfE= (1963) : ILROEROME (FD 1), BRTELEE, vol 1, no. 1

TARSHERR (1965) : ILR&HLG OHE B — L& H8E R —, RILKERPIFERTER, no. 35

R B R (1966) : BEURMVERS & ORIBHE (10520 1)

MrFEHABFZE S (1967) @ THE HASPHAIZ 81T 2 BP0 KARIG T L M sk, HIFRRTEER, 13

INHEERZ (1951) 1 7 75 5 F4 0 | BRI TA], HEFRERT

LiETEF] (1960) @ PEBEHO AERARES (20 1)—BE - MUIREMNT o BB KA & fERAH
DOER—H'S), HbE, vol. 66, no. 778

LIMIER (1961) : 5 F30 | HEIIE MEE] B X ORREAE, WERER

WHEF] (1966) @ 5 /540 | HERHRE ME¥E] & X OFRBRHE, HEREN

IHEIEF] (1966) | WAL B < BRERESOEEL TOESE, Hif, vol 72, n0.7

FHHEE (1961) | hEf G PO BIRAERO KERED, KEAMEHFERY, no. 8

Granitic Rocks of the Border Area between Tottori and
Okayama Prefectures, Chugoku District

By
Masard MuravAMA

The studies area, including Ningyo-toge uranium deposits near the border between Tottori
and Okayama prefectures, is a part of Chugoku District, where extensive volcanism and plutonism
were developed during late Cretaceous to early Tertiary tihe. The volcanism preceded the
plutonism. The volcanic rocks consist mainly of rhyolite and rhyolitic pyroclastic rocks, and
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some andesite, They were erupted on land and the rhyolitic rocks were in places a pyroclastic
flow, indicated by presence of welded tuff structure.

The plutonism can be divided into 3 stages as follows. The first was intrusion of rather small
units being composed of gabbro to diorite, porphyrite, granophyre, and granite porphyry. They
had close association with the preceded volcanism. The second stage was of batholith-forming
granodiorite and adamellite. They are now distributed largely south of the Chugoku mountain
ridge. The third stage was also of a batholith-forming unit of rather homogeneous medium-to
coarse~grained biotite granite. This rock crops out in the northern parts of the second stage
granitic rocks.

Bedded-type uranium deposits, best demonstrated by those around Ningyo-toge, occur in
basal parts of Neogene sediments above the second and third stages granitic rocks. Erosion
surface of the rocks, such as paleo-stream and its terrace and tributaries, was important for con-
centration of the uranium.
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Metamorphic zoning with the stability of metamorphic minerals in pelitic rocks
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An example of the granite contact Qb M 7
seer on a boulder of River Honjo- AR RO
gawa. Note sharp contact (1), and (%Eﬂogﬁiﬂi&ﬁ&ftﬁﬂﬁ%{%ﬂ‘ﬂ‘)
relative movement of magma shown Plan of the Takakumayama granite stock. Figures
as arrow deduced by the arrange- with arrows outered along the contact line represent
ment of raft of wall rock (2) dip of the contact surface

Grs: Shinkoji-type granite, Grs: Shinkoji-type granite

hf: wall rock Grj: Sarugajo-type granite
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BoOIREEE) B#WE L7

E5E
a. EiEdE o b, AkTRROEHE c. AfkThRigoiE

a. Joints of northern part, 32 points (1-2-10%)
Solid circle: granite contact, crosses: pegmatites
b. Joints of western part, 23 points (2~5%)
Solid circle: granite contact triangles: joints in hornfels
c. Joints of central part, 132 points (0.5-1-4-8%)
Crosses: aplites open circles: quartz veins
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BTE RIPRERPOSSTEA -
(BRITRO b O DH)
Pegmatites in the Sarugajo-type rock (regular form only) 13 points (5-10%,)

el
a. BT o4 - b, AikEOT S 54 b
a.  Aplites of northern part 48 points (1-5-10%,)
b. Aplites of southern part 82 points (1-10-20-30%,) Solid circles: granite contact

BHIRBOARIR HIFa) ik, BEFREDERL, 7 w24 b LRE - T inward-dipping joints |z
DHEEEER T3,

AELEFOFAL T2 A RPORHER (FIR b) b HEFEbHTEL, EEEETORHIRE FE,
lnward-dipping joints [z XE S W TV 5. L, ZOERRERSEHEOLOL Y ZHB B\,
HEEHTORER (FI™Xc) & inward-dipping jo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>