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Abstract

Petrographic examination of tuffs in the Miocene Mizunami and Iwamura Groups has been carried
out to provide basic data for characterization of each tuff beds. This paper presents the descriptions of
16 and 4 tuff samples from the Mizunami and Iwamura Groups, respectively. Specifically, the fol-
lowing properties have been analyzed; mineral and heavy mineral compositions, shape of volcanic
glass, and refractive indices of volcanic glass and plagioclase.

Although T-type shards of volcanic glass were dominated in most of the tuffs studied, the study
shows that it is possible to characterize each tuff based on these petrographic properties. This means
that petrographical properties of tuff in the Miocene series can be utilized as the fundamental data for
stratigraphic correlation in this region.

Heavy mineral and plagioclase compositions of tuffs studied have a close similarity to those of
host tuffaceous sedimentary rocks in the Mizunami Group. Tuffaceous material in the sedimentary
rock has been derived from volcanic ash generated from unrecognized volcanic activity occurred
around the Mizunami sedimentary basin. Thus, it is considered that tuffs in the Mizunami and
Iwamura Groups have been formed by a volcanic activity around the Mizunami sedimentary basin.
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Fig. 1. Distribution of Miocene series in central Japan (Itoigawa, 1980) and geological map of the
Mizunami and Iwamura Groups (Ujihara et al., 1992; Power Reactor and Nuclear Fuel De-
velopment Corporation, 1994) with sampling localities.
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Fig. 2. Synthesized columnar sections of the Mizunami and Iwamura Groups (Sasao et al., 2011).
The columnar section of the Mizunami Group is based on geological investigation by the au-
thor (JH), and Hiroki and Matsumoto (1999), Irizuki and Hosoyama (2006) and Sasao et al.
(2006). Columnar section of the Iwamura Group is based on Ujihara et al. (1992). The tuffs
with italicized names were collected by Kobayashi (1989).
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Table 1. 534 L7ZRUBH O REHUE A FRI R

Table 1. Petrographic characteristics of samples studied.

sample code mineral composition (%) heavy mineral composition (%) shape of glass shards (%) A/(A+P) O/(O+C)
Gl LM HM LF Oth Opx Cpx Hbl Opgq Zr Ap Bt Ha Hb Ca Cb Ta Tb Oth (%) (%)
Mizunami Group
Ak-13 59 2 tr 1 39 tr tr tr tr 15 32 4 9 7 34 0 — —
Ak-12 (pumice) 87 13 1 tr 0 67 0 0 32 2 0 0 0 7 1 1 68 23 1 0 100
Ak-12 53 17 3 0 28 54 15 6 21 3 2 1 9 28 1 6 14 39 5 8 78
Ak-11.5 73 20 tr 0 8 1 3 0 78 18 0 0 0 1 4 1 39 51 5 0 25
Yu 49 1 tr 0 50 tr tr tr tr 6 17 12 12 11 42 2 — —
Yml 83 8 1 0 9 62 9 1 28 0 1 0 1 8 8 1 17 66 1 1 87
Ym2 80 10 2 3 6 48 13 3 35 0 2 0 1 3 7 1 24 56 9 5 79
Ym3 72 10 2 0 17 55 13 329 0 1 0 4 6 7 1 26 52 6 4 81
Yl 82 10 3 2 5 55 10 3 28 0 5 1 4 13 5 2 28 48 2 4 85
Tu 81 4 1 1 15 46 15 13 21 0 3 3 2 6 4 0 21 68 0 18 75
Kurosuji 69 12 2 117 53 11 1 36 1 0 0 7 16 5 0 22 5] 0 2 83
Ho-U2 48 7 2 3 41 54 39 1 4 0 2 0 0 1 8 2 27 63 1 1 58
Hiyoshigawa 93 4 1 2 2 65 4 6 17 0 6 2 46 32 3 5 2 14 0 8 94
Hosokute 89 9 1 2 0 41 37 2 9 0 12 0 0 9 12 4 12 62 3 3 53
Konokure 25 14 5 13 44 48 34 1 14 0 5 0 0 1 2 1 28 41 28 1 59
Onisaba 16 7 1 3 75 36 38 121 0 5 0 0 0 2 0 58 39 2 1 49
Iwamura Group
Ty-12 69 23 2 2 5 34 13 2 50 0 2 0 15 32 6 4 8 36 1 4 72
Ty-8 89 10 2 0 1 9 13 26 52 0 0 0 1 6 21 2 33 38 1 54 41
Ty-6 46 3 tr 0 52 tr tr tr tr 19 40 4 5 2 29 2 — —
Ag-6 74 22 4 0 1 45 7 0 47 0 2 0 0 9 12 1 26 43 10 0 87

Gl: glass, LM: light mineral, HM: heavy mineral, LF: lithic fragment, Oth: others, Opx: orthopyroxene, Cpx: clinopyroxene, Hbl: hornblende, Opq: opaque minerals,
Zr: zircon, Ap: apatite, Bt: biotite, tr: trace. Shape of glass shards is based on Yoshikawa (1976). A/(A+P): amphibole/(amphibole+pyroxene), O/(O+C):

sample code refractive index of glass shards refractive index of plagioclase

number range mean mode number range mean mode
Mizunami Group
Ak-13 74 1.499-1.513  1.505 1.500, 1.503, 1.507, 1.510 40 1.540-1.568  1.552 1.552
Ak-12 (pumice) 50 1.500-1.511  1.509 1.510 53 1.538-1.556  1.548 1.546, 1.549
Ak-12 51 1.500-1.514  1.505 1.503-1.504 50 1.539-1.574  1.554 1.543-1.544
Ak-11.5 51 1.501-1.506  1.502 1.502 51 1.538-1.559  1.543 1.542-1.543
Yu 52 1.494-1.506  1.500 1.500 11 1.543-1.572  1.554 1.545
Yml 40 1.505-1.509  1.506 1.506 42 1.545-1.558  1.549 1.547
Ym2 41 1.497-1.518  1.508 1.509 42 1.543-1.556  1.550 1.549
Ym3 41 1.497-1.520  1.508 1.510 42 1.535-1.558 1.551 1.550
Yl 43 1.500-1.526  1.507 1.507 40 1.542-1.554  1.548 1.547
Tu 71 1.496-1.505  1.502 1.501 66 1.543-1.570  1.552 1.548
Kurosuji 41 1.506-1.511  1.507 1.507 40 1.548-1.556  1.552 1.552
Ho-U2 77 1.500-1.560  1.525 1.519 63 1.547-1.578  1.559 1.557
Hiyoshigawa 65 1.498-1.513  1.506 1.507 40 1.543-1.573  1.556  1.548, 1.555-1.556, 1.560
Hosokute 65 1.507-1.548  1.520 1.516-1.517 64 1.552-1.574  1.558 1.556
Konokure 75 1.509-1.562  1.530 1.528, 1.530 73 1.536-1.573  1.561 1.559, 1.560
Onisaba 18 1.513-1.534  1.528 1.529, 1.530 44 1.537-1.577  1.562 1.558,1.560, 1.570
Iwamura Group
Ty-12 51 1.504-1.513  1.506 1.506 50 1.545-1.561  1.550 1.549
Ty-8 51 1.501-1.514  1.508 1.506 43 1.541-1.558  1.549 1.548
Ty-6 51 1.507-1.516  1.509 1.510 51 1.544-1.560  1.551 1.550
Ag-6 51 1.500-1.513  1.551 1.509-1.510 52 1.542-1.559  1.549 1.548
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HRI D A X DRI a5 . G OBH I ARG IK rﬁHiﬁ@“'f/fX@é'é%}‘—’Eﬁ%fiD FARIE L VE
D ILJEE S ER L= KIS iR 5. REHIAREE K & D FL D
(Fois A 2rorEE ]az_kmw‘:zxrb%fw BEL BRELT-.

Wir a2, KILTZADORIK (2% LB T (Rodlca ARt & _kmyv‘?xb B0, B

B0, PR A . %@Jﬁ’ﬂﬁ’ﬁi 1.500~1.526  W7pE %D, KIUHTTADOIRIZ TS AL E D
(7 T —RIZGHT 508, 1.502~1.509 |ZEFT 5. 5420, ZOJEIr=1%1.497~1.520 _71:—% il
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THM, 1.505~1.511 IZHEF 5. BEFWITEICH
FTREAMNLIR0, R
BHEAOEITRIL 1.547~1.555 (2054 T5H00
%<, BT VT ohnbins.

Ym2: Eﬁﬁﬂ%’m&%miﬁ%’ ZERIE GrAa)ll, 1974) .

UK AT L (2002) D Ak-8 L[E]—DEEKAET
H5.
(PER) Bl H,5 Tl EIER 60 cm T, *ﬁ*iﬁl

RIS B A X DEEIK B 03705 . BREH I AR IK
D IEJEF N HELE L 7-.
(Fo#ea A arEE ) £ :kUJﬁ?xb%foe@ LES7I

WyinE a2 KW T ADTRITZEIZ L ALUE )
570, %@ mTRITEI 1500~1513 (L~
0—RZoA T 5. BEWITEICE A SRS

BSE R0, AN AR E 2. RHEA D
PRI 1.543~1.556 |20 AL, BT VT oo
725.

Ym1: B BN B GRaa)l], 1974) . &R

EECEITAMIL(2002) D Ak-9 L[RI—DEFKE THD.
EIR) BLEL LS CIE BRI 50 cm C, HLKIHD ~
KI VA X DRI A0, EALIX SV NE kL
e WS 5. BUBHIASEIK 5 D FLE S HER
ML=,

(Rodes A prtEg) = _kumwwb 70, L
WipLaE) . KIUT T ADTIRIT IS LE R
5720, ZOJEPTHIL 1.505~1.509 | _%EP?%. H
P IX EICE T EANLRY, RERLY, Ha
WAL 2. B REAORITRIT 1.545~1.558
WAL, BT T o,

Yu: B (LB NS LA E CRAR) 1L, 1974) . AR
PRI (2002) D Ak-10 E[F—DEIKE TH 5.
(PEIR] BLEE S CIEJEIEAY 110 cm T, T 55 cm

AR T OHLRLS A X DEEIK =, % D AL
15 cm [ ZHRIFD~HLRID Y A X DRI, Dk
{7 40 ecm (FHBRIAD VA X DEEIR S D725, 3REHT
AREEIK e D FE R DL T=.

(Gdve A F2atgE ) 3= LJ([JJ7'J7XE%@’7T’:§%
No725. KIUTTZADTRIZFEI L ALER D7
0, R, RAERA . %@Fﬂﬁ I 1.497
~1.502 [ZEHFT 5. BIEDIITLKDENPE END
DIHTHDLN, BHIHEA, AKA, NERILY N
fERaniz. REAOEAEITDRL, 11 k10
JEIT AR E LD THLN, T ORERIL 1.543
~1.572 DT a—R7p 55 %R/ LT-.

AK-11.5: g 118 P g LB E GRELLL, 2002)

(PEAR) B 22, CIIEIEAY 70 em T, T 45 cm
X EIHLRIAD T A XD AN D720, IV INE
KA DEEZ T, 2D BT 15 em (ZHBIRD ~
RIHD A XDEEK A0, EED 10 ecm 1 HRIRD

EIGEY), BREAR SRS,

WA X DB A0 D . ORI A EE
R DRI 7.

(Redis At s £ LKIJUU7><75 B0, 4L
WM7pEm S KILAT T ADTIRIF TS LG R
H72h, EOJEPTHFRIL 1.501~1.503 ;;%EP@“%). H
BT AR BB NS0, DaripE etk
). BEADBITRITIEEALE DRI T 1.538~
1.548 THY, FITAHVIT IV ARET T inbiR
B KRR AT N LGl EDRF LT
EiFonb.

AK-12: B HE R SR 508 T 24 a3 DA e K
s+ (FL, 2002). U-Pb 4FE4X1% 17.8+£0.4 Ma, FT 4F
ARl 15.8+1.8 Ma (FERIFD, 2018) LT 18.9+1.3
Ma (/[MK, 1989) .

ER) BRI AAREL T 10 m UL ET, axate
HUBLAD A X D% mEﬁ‘Eiﬁé Bt LT, AkE
JKAED TEND, G ARREEADHRD 2 38
ZERELT-.

(GLECA A M ) B A 2R E LTI, FEITk
(WA T ANS20, KIUTTADEEY), B L
ZPED . KIUA T ADTIRIT TN FLUERLD B2,
i ERLERES . ZDOEITHRIT 1.500~1.514 (Z53Fi
T 5. BT EICE T ALY, REWILY,
A A, ANAREZMES. REAOIEITRIT
1.539~1.574 (27 a—RIZH 41 5.

AT I L ;kmjwm B0, B L AP
. KT ZADTERIZEICZLE RN BRY, £
DIFEPTHIL 1.500~1.511 J\%ﬁﬁ‘éﬁx 1.510 124
95, BT EICE T EANGRY, RFERAL
WL, REAORBITFRIL 1.538~1.556 |
DAL, BT T nbib.

AK-13: B HE g B 150 g T O A BRI A 2L v
ARIFREND T T AE R IR = (L, 2002) . FT 4F
1% 16.2+1.2 Ma (5 Z1EH>, 2018) .

(AR ) B =2 5 T, IR 120 cm UL _EC, fkiwd
A X DEEIR 55 EHLRAD T A X DEEIK A O A Jg i)
725, BUBHIAREEK S D FE R TR 7-.
(Rhds A 2O FEITK LT T ANGRY, kil
HITADEGY), I E S, KILHTTAD
Mﬂ: WL EITR PR E L fLUE R D720, HR R A1

9. ZDOJEITRIL 1.499~1.513 (25549 5. EIWD
i"‘<9\£75‘>‘éihé@ﬁ@%é7ﬁi‘ B,
ﬂﬁﬁ RERIY D3RSI, B EAORIT

L 1.540~1.568 |27 a—RIZH AT 5.

K 5 D FE JEE

3.3 BftERE

Ag-6 : [ K & B [ 58 I g AE (R FEIE D,
1992). FT A1 19.142.0 Ma (FE21E9>, 2018).
(PEAR) B 2215 CU, JBERY 105 cm T, FHEB 15
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cm (3K DHURLHD WA XD 77 A G e IK 45 CHERL
WA X DEIK S DR E L. £ LALIIREIK
AR A X DEER D D7D . RBHIAEE K
E D P HER LTz,

(Felle A AT ) FITKIUA T ANGIR0, B4
WM7p BB KL T ADTERIF TN FLE AN
570, ZOJEPTRIL 1.500~1.513 (25T 5. B
P T ENCE A R E IG5, RHE
FAORMITRIT 1.542~1.559 ([ZHFL, FIZTT
TN,

Ty-6 : 3% | LI & BEH 1 2 HAE (IRIFUEDS, 1992) . FT 4%
RIZ 17.2£2.2 Ma (iR 1FD>, 2018) .
PER) B M T, JBE 50 em BL BT, BRRIZ
KRR THD. THE 20 em TR A2 G T @AY
FTAE R A X DRI, & D _EALITIK EA
BIRE YA X DEEIK 5735725 . BN T kL
AR DEEIR ORI T2,

(Fe#UE A5 IS KIUTTAEEDEE W
MHIRY, I E 2D . KIWTTADTERIZ
FITR RN B0, A BR8] %
PEY. ZOBITRIL 1.507~1.511 ([ZEPT5. &
I D BENEGENDIDHTHDLN, H 5
i, AN A, REWIE DRI, REA
DIRPTRIL 1.544~1.560 |ZH5 AL, FICT VT
NOINCYAR

Ty-8: 1 | LI g BEH g | AT (IRJFIEA, 1992) . FT 4
fRI% 16.6£1.6 Ma (18 2137>, 2018) .
(FEMR) Bl R ClE, BEAY 100 em T, 2RHYIC
B IR ~K 2 2L, T8 30 cm [XH RIS A X
MORRLAD B A X~ _E HHRIAL 328K e, D
AT 50 em (F T ERIEED T HIRAL 3 DEEK A
DI T, 2O EALITEE 5 cm OHFRIFS A
DR IEND7e 5. e B 15 em X3V NEEEIR
HA~EEKE VN ENDRD. NI T oH
RIS YA X DERR S D HEE I LT

(Fe#UE A A9 Bk LA T 205720, 1558
M7 EEPES . KU T ADTR T NS FLE R
By, FREEE D EOREREED. DR
1% 1.501~1.514 (2047 5. EIEMIEEITREY
o7, AN, HAVE A, B EAZED.
BHEAOIRITRIL 1.541~1.558 |24 FL, FIIT
UTFUUNBIRD.

Ty-12: 3% |11 J& 5 i g (2B AE (FCJRUED>, 1992) .
U-Pb X1 18.4+0.4 Ma, FT 4% 16.6£2.6 Ma
(ERI1FD, 2018).

(FEIR) BRI, JEIERY 200 cm OFLRIRDH
ARXDAVE R A H72Y, FED 100 cm 1XFFIZ
N2 %<& T, REHIARIK & D FEiNHER
7=,

(ele 1 M) BTk T 2620, 84
WMipEm . KIUHTZAOTERIZE IR FH L%
LERIDBRD, FERZES. ZOJETEIT 1.504
~1.508 |ZHEH T 5. EHMILEITRBEHILYN D
720, HOFEA, RAEA RS A, REAOR
PRI 1.545~1.561 T4 350, 1.545~1.553
T HEDNEL, BT T nbinsd.

4. Z &

KIUTFZADTIRITEARIERED Ak-13 LA E
BED Ty-12, Ty-6 ZFREEIKA T LB A 5k
T5. B TITT N TORIK S CE T AS L
I ARB IS S BT D03, SR ERED Ty-8 13 £
BOa O&EH RN LEAE O (Table 1), AHEAT
I%, AGBE F ORI A Tl 7 IR T A M EELT
TUT U ERA N T A NI DN, B
& LB BREP OBIK A TIX, 77 VUSRI
THLONE (Fig. 3). 7=, KIUHTAD R %
[ZOWTI, HniRERECIIAYRE LI g A & H
J& W DOEEIR S T, JEITREN B E T r—R
TR R T DKL, FOMOEER S TIL 1.510
UUTICETTEL00R% 0 (Fig. 3). — 5T, filx
DEEIR A BT 5E, I ALK ILH T A
DOIEIR, FHEADEIr LML EDOELZEITLS
T, BEIR A Z ST DI EIIATRETHY, HfE <t
D FEBEE R L TEHTXAEE 2 N5,

JEEZ LIZHDE, R EH O AL, RIEA
DOFRLHME AL, P~ R O 8 A R I
BENDLDONRZL (Fig. 3). KIWTZAD RT3
IR R &L, 7T r— R0 i a " T HOn %0
2%, BB AT 1.507 (28995 (Fig. 3). k
I T AL, B F)IEEIK A CldR RS H
D0, MORIK A TIXTZILVER A E-L, k
(L7 ADME G B 5 )NEEIK S 1T ORI S &
HIRRIZ X BT &%, B CIX, AP A 1%t
L CHADOEARNEHNEDMNEL, BANE A 2
i) 2 < & 415 (Table 1) .

Bt P ORI S Tl AHRE A O AN iz
FEFESTRY, 7o T NE#T 5 (Fig. 3). &
PR TIE, AR ISR L CE AN L, &
P e DD Ak-11.5 RO CE A
9% (Table 1). KIWAT TR T BALD Ak-13
RV C LB HlT 5.

AR B RED BRI A L R E s A RO B B
e RFELILTEY, WG KIUTTAD IR
FEFONRLS, BEATIET TV UNEBT S
(Fig. 3). ¥7c, I TIX, Ag-6 & Ty-12 T
IRE A AR, Ty-8 TIdMPIa&sE A
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DLEERAY 2\ (Fig. 3, Table 1). L2sL, KILATA
DR TIE, Ty-12 & Ty-6 TR R A 5L 5.
Ag-6 & Ty-8 DRLHCA A F AR, Fi ik & HEH]
{HJ 11 BF N ERJE D Y1 & Yml~3 O EHE L4
5.

PLED I, FilRE R OB K A Tldg Bl
FoTKIWLAZAD T FORH R AT E D Fr
BIENRDHY, T = LGk TE A A BE
PaRE 35,

LZAT, Sasao (2013) 1T ERTREREA B<R—Y
7 a7 Z AW, AR RERIE LS T AL O
DFLHEIE A FIOFEIT, EHLWHLARLE I T3
POHEELTERHE A ORERIZEE SN T, type AR
BRETNAANANBI AV IV A AP HYE S HH
A7), type BUARIA LT T IR TA NN EMT 524
7)), type COEAET VT BEBTHXAT)IC
Xy LTz. ZIHEATIIHEBLT 2 ERRE S
TEY, type A & type B 1T I A % g AR g T~
BT, type C IIAME LEOHIHE TROL
nNo. BEETREL T, type A 1T D LI AE R
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C T PE~IEENMED K ATE BN K LR 3k T
HHELT= (Sasao, 2013) . ARFEOFER, A4 =L
B O ERIKCE DRFEIE Sasao (2013) D type C
[ZHET 5.

Sasao (2013) DWFFERIRIEHETIL, KILHT A
LUTEDEEY) (FITHA) NRETEHENLIE
M6, EiRfE AR AT R ICh > Tkl
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KR EUT B IK G DR (EFLAA AL, TSI
FSREHE A O 1T, BEIKE W oKL
JEY ORI TRY, FiRBRH B OEE
BE R ORI e 1T HERE 2 M & 0 CAE U7 K LG )
IZE - TSN ATREME N E 2 5N 5.

5. £&O
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HIABIOREA DRI LA EDELZEIT
o T, BIREEZFHBEDITHIEIIFRETHD. Fiz,
R REIC BV TR, BEIKA OB R
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I HZENHALNIT/ 2572, Sasao (2013) X FiiR

JEREDORY AT, D 7a<EL B E F AR E L0
TALDOJEYETIT K IIH T AL LT ZFDOEEY) (=
W) DNERTEENDIEND, FiREREOHE
FEBMIIRIN O K LTEEN O B A T HEREEICH
STEHEEL TWVD. FiRfEREB L OVER R O
EEIK T2 O K ITE BN > T S U7 AT RENE
N5,

6. #f &F
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S A= i3 | PR QA e k== Oy I 5 S IEZ G =N
FOR MEHEFRIITHE ECHEMICADBL TV
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