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Abstract

The Kizaki rhyolite was divided into three units on the basis of mineral assemblage and the trend of chemical
compositions such as MgO and Sr.

The present K-Ar age of the Kizaki rhyolite is 67.2+4.5Ma. The value, which is older than the K-Ar age of the Aoki
granite, indicates the last Cretaceous.

Perthite lamella is due to the thermal effects of intrusion of the Aoki and the Ariake granitic rocks. The chemical
gap between lamella and K-feldspar (host) in the Kizaki rhyolite is wide so that granite is near. In generally, the
miscibility gap of feldspar becomes narrow by increasing of temperature.

The bulk compositions and trace element of the Kizaki rhyolite show the volcanic arc characteristics. The Kizaki
rhyolite is bounded by the Nohi rhyolite on the west. The Nohi rhyolite and related rocks are extensively distributed
at the eastern margin of the inner zone of Southwest Japan during the late Cretaceous. The major composition, trace
element, N-MORB normalized trace elements patterns and chondrite normalized rare earth patterns of the Kizaki
rhyolite are similar to those of the Nohi rhyolite. Therefore, the generation of the Kizaki rhyolite magma is close to
that of the Nohi rhyolite.
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Fig.2. Chemical compositions of alkali-feldspar phenocrysts from Minamidaira, Mori and Sarugajomine types of the Kizaki

rhyolite. Filled blocks are host; empty blocks are lamella.
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Table 1. Chemical composition of alkali feldspar

Sample NoMO-10 __ MOp-2 SA-7___ SAp-4 MD-6

host host lamella host host lamella host lallella

SiO2 66.23 64.69 67.47 64.85 64.22 67.93 64.45 65.81
TiO2 0.09 0 0.05 0.11 0.04 0 0.22 0.09
AbO3 18.86 18.28 20.03 18.94 18.92 20.51 18.47 21.89
Cn03 0.00 0.06 0.08 0 0 0 0.12 0.08
FeO 0.06 0.1 0.1 0 0.01 0 0.1 0.05
MnO 0.09 0.02 0 0.03 0.04 0.1 0.03 0.01
MgO 0.00 0.07 0.01 0.05 0.05 0.12 0 0.07
CaO 0.11 0.1 0.28 0.07 0.2 0.74 0.02 2.64
Na20 3.81 1.34 11.43 0.57 1.15 9.79 0.91 9.25
K20 10.77 15.17 0.21 15.52 15.25 1.03 15.11 0.09
Total 100.02 99.83 99.66  100.14 99.88  100.22 99.43 99.98
0=8

Si 2.998 2.991 2.964 2.982 2.968 2.965 2.986 2.885
Al 1.006 0.996 1.037 1.026 1.030 1.055 1.009 1.131
Cr 0.000 0.002 0.003 0.000 0.000 0.000 0.004 0.003
Ti 0.003 0.000 0.002 0.004 0.001 0.000 0.008 0.003
Fe?* 0.002 0.004 0.004 0.000 0.000 0.000 0.004 0.002
Mn 0.003 0.001 0.000 0.001 0.002 0.004 0.001 0.000
Mg 0.000 0.005 0.001 0.003 0.003 0.008 0.000 0.005
Ca 0.005 0.005 0.013 0.003 0.010 0.034 0.001 0.122
Na 0.334 0.120 0.973 0.051 0.103 0.828 0.082 0.786
K 0.622 0.895 0.012 0.910 0.899 0.057 0.893 0.005
Total 4.974 5.018 5.007 4.982 5.017 4.951 4.987 4.941
An 0.5 0.5 1.3 0.3 1.0 3.7 0.1 13.4
Ab 348 11.8 97.5 53 10.2 90.1 8.4 86.1
Or 64.7 87.7 1.2 94.4 88.9 6.2 91.5 0.6
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Fig.3. Photomicrographs and back-scattered electron image.

a: welding of glassy fragmental texture in the Kizaki rhyolite (MO-10) b: microperthite with patch lamellae (SAp-1) c: aggregate
of fayalite, allanite and magnetite with biotite rim (MO-2) d: a single crystal of allanite (MO-2) e: glomeroporphyritic texture
with irregularly-shaped aggregates of plagioclase and orthopyroxene phenocrysts (SA-2) f: hornblende phenocryst with biotite
rim SAp-4 g: hornblende phenocryst with no biotite rim (SAp-4) h: back-scattered electron image of coexisting with magnetite
and illumenite (SAp-2) Abbreviation: Aln:allanite, Bt: biotite, Fa: fayalite, Hbl:hornblende, Ill: illumenite, Mag: magnetite,
Opx:orthopyroxene, Pl: plagioclase, Qtz: quartz
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Fig. 4. Harker diagrams for the Kizaki rhyolite, the Aoki granite and the Nohi rhyolite.

O : MD (Minamidaira type) []: MO (Mori type) /\ : SA (Sarugajomine type) @ : Aoki granite from Ueki and Harayama (2012)

X : Nohi rhyolite from Sonehara et al. (2005)
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(O: MD(Minamidaira type) []: MO(Mori type) /\: SA(Sarugajomine type) @: Aoki granite from Ueki and Harayama (2012)

X : Nohi rhyolite from Sonehara et al. (2005)
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Fig. 7. Chondrite-normalized rare earth element patterns. a: Sarugajomine type b: Mori type c: Minamidaira type d: Kizaki

rhyolite

IR

10

5
1
B oo J
A
—~ 100 |- £ .
E F ]
& B J
2 L ul J
B uu J
- u -
= u -
10 1
80 90 100 200 300
Rb (ppm)

Fig. 6. Sr-Rb diagram.

O : MD (Minamidaira type) [] : MO (Mori type)
/\ ¢ SA (Sarugajomine type)

1000 T T T T T

100 |

Rock/chondrite

F T S T T I N

La Ce Pr NdSm Eu Gd Tb Dy Ho Er Tm Yb Lu

1000 LI —

d

Rock/Chondrite
=)
o
T

IS
T

1 11 11 1

SA, SAp, MO, MOp, MD

La Ce PrNdSmEu Gd Tb Dy Ho Er Tm Yb Lu



RIS

Hy - S

B

A D

HLHINS 73419 % Al

REFERNTH, 2R

11

240 540} SO'1 171 89°0 88°0 00l 7290 €9°0 8L0 ny
69°C [4x4 68°¢ 1243 9TY 423 IS4 0r'y 88°¢ 10°S qA
0 (320 [S90) 180 89°0 LLO 960 99°0 LS0 8L0 wy,
L8'C €8'C 8L'¢ €09 S8y L6V 179 wy 0L'e 148 i
01 SO'1 (44! 0T L1 99°'1 e 4! 9T'1L L1 OH
8C'S 1459 869 0911 6L'8 0’6 0901 9L 199 88'8 Aa
060 L8O 60 181 0S'L 8S'1 SL'1 LT1 80°1 0S'1 qL
019 6¢°S 08°S 0€°01 €16 €L'6 0€°01 8¥'L 0T9 SL'8 PD
Il 680 €0 €0 £€8°0 820 o (141 ov'0 9¢€'0 ng
9L 89 0L 011 el 9Tl 601 '8 €8 101 wg
9°¢y 9°LE 1'6C €1s (SIS 0°¢s 'ty 433 L'LE A 4% PN
611 (40! 6L oyl 474! (47! $01 6 801 €11 id
(13481 7'68 09y 8°0L IS 0'vS 618 L'SL 6'vS 966 D
009 I'LYy S'LT 'S¢ 6'vS (8% 6'9¢ L'SE L'8¢ €Sy el
01¢CI OLTIT 1847 ¥6C 89 60¢ 8€T 8IS 184 oy egq
L6 901 Syl 91 611 €¢1 L€l e 001 0¢'¢el aN
9¢C (444 111 6¢Cl eyl ST 8¢l 8Pl 00°LST 009¥1 7z
06T 1'8¢ 8'C¢ 608 [SE374 (1744 9°¢9 0Ly 0l¢ LTS A
91 LET ¥€ (44 6S 1T €C 0S 6¢ 9 1S
6 811 11¢C 61¢C €91 81C [4Y4 761 L61 8l QA
wdd
€00 €00 900 200 010 900 €00 200 00 900 €0°0 S0°0 ¥0°0 €00 S0°0 LO0 €0'1 (oner qoun['S'y
86°L St'6 8011 9L'8 €L'9 0’11 0901 00°CI e 349! 60°'S SL'L €9°¢l €01 009 £€9'6 69°L OSIN/0°d
6v'L oL S s L LE'S '8 0r's 6L°L L0’ oL SI'8 1¢'8 €8°L 89'8 €T'8 €58 OTN+OA
00001 00°001 00001 00°001 00001 00001 00°001 00001 00°001 00001 00°001 00001 00°001 00001 00°001 00001 00°001 [e10L
S0°0 ¥0°0 000 000 100 000 000 000 10°0 000 10°0 100 000 000 000 000 100 sOud
L9°E £€6'¢ 0Ly 6y 0g's Sy 8SY 4% % LTV (4% Sl'y 'y 'y €$Sy 'S LY 4N % ot
I8¢ 8Y'¢ See €L'e e 8¢ €8'¢ 8L'¢E ¢ 8S°¢ LY'€ Le e8¢ 0€'¢ LTE 0S¢ 10y 0N
66'1 'l 0 [40) ST0 wo LY0 19°0 €0'1 wo SLO €L°0 LSO 70 ¥T0 950 080 oed
050 9¢€'0 €10 010 820 cro o 0ro 120 600 LT0 0C0 010 7o €ro 0T0 91'0 O3
900 S0'0 200 100 €00 200 10°0 10°0 00 200 00 00 200 100 100 00 200 OUN
[A0n74 we 24! 980 S LE'T 0¢'l SI'l €6'1 (X! 6€°1 4! Se'l 9I'l SLO 06°1 €Tl 024
LTY1 80°v1 LTl 6C°Cl 10°¢1 €L'TI LTI LY'Cl 8¢°€Cl 96Tl 0Tel €L'TI LTI 96°C1 6°Cl 0S¢l 6C°¢l €09V
LY0 70 170 Y10 €20 S0 0z0 Yo 1T0 Yo Y20 0Z0 910 0Z0 91°0 970 €00 Ol
PIIL 8LTL 88°GL 96°LL €8°9L I189L SL9L 6€°LL 6€'SL LELL 0S'9L 0¥'9L SL9L 6T LL CULL ceSL TL'SL (%) ZOrS
VS I-vS ¢-doW zdoWw T1-dOWN CTI-ON T1-ON  OI'ON 6O 8-OIN L-ON 9-ON S-ON 7-ON £-ON -ON [-ON ON ddureg

ONOAYI DEZIY 9Y} JO JUSWIA[ [}Ied dJel PUR JUSWS[S 99k} ‘uonisodwiod ynq Yy, ‘7 9[qel,



#

i

IR

i3]

CL6'0 LS990 €0L°0 7€9°0 8810 €ro 90 9090 g

8L'¢ (4% LSV LYYy €0'¢ 68'C STe 96°¢ qA
950 IL0 1.0 89°0 LY0 0 050 90 wy,
LOY 09y 8Sy 1Ty 61°¢ 6LC LEE %7 el
€e'l SS'1 SS9 el €'l 001 SI'1 6v'1 OH
SP'8 SS'L 18°L 899 L9°S €0°S SL'S ILL Aa
€0°1 'l 8C'1 LO'1 L6'0 060 001 4! qL
LS9 90°L 99°L L8'S 79 1249 SL'9 798 PO
80 080 €60 89°0 Il 0L0 £€6°0 $6°0 ng
S'L €L 6'8 79 €L 99 8 €01 ws
8°9¢ ¥9¢ vey 8'8C 6°LE 6°S¢ 47 8'1¢ PN
€01 96 1l 9L 9°01 96 11 9°¢l id
1'S6 L'89 8°L8 g9 66 808 786 L06 D
8ty (1774 £0S gle g€y 't (S ¥'S9 el
879 8¥S 859 196 01¢CI 0901 0L0T 0v01 egq
611 01 901 01 40! 8'6 96 €01 aN
€91 OLIT LLT PS1 (444 00¢ 881 891 7z
[4lviz €8y 9Ly ey |43 €8¢ 0ce vey A
8L1 €51 181 24! 34! 811 1€l 901 BN
081 061 €Ll 80T €01 0CI o1t 611 QI
wdd
€v680'1  ST'I It €l L98LSO'T OI'T 40! 01 10°1 Y1¥9L6'0 +0'1 80°1 90°1 80'1 LO'T LSTOLO'T €11 (oner oun['SY
099 SL'Y 9% 61y 179 (434 (4% % €TL 9T'L YL'L 9L9 86°L 869 €€'8 SL'8 ¥'9 SS9 O3IW/0”4
V'L 129 €9°L 8I'L €89 €LL Sv'9 9L 09°L LT'L 80°L 9S°L LY'L LL Y9°L 8¢°L 9L'L OTN+OTH
00°001 00°001 00001 00°001 00001 00001 00°001 00001 007001 00°001 00001 007001 00°001 007001 007001 00001 007001 [e1oL,
¥0°0 900 00 00 ¥0°0 00 S00 ¥0°0 200 ¥0°0 ¥0°0 200 200 200 00 200 200 sOtud
61y 14874 or'y 80'Y 69°¢ 9y S9°¢ 8¢ 96°'¢ L0V or'y oY 8¢ wy 0¥y €9°¢ [\h% o
€Ce LO0C €C¢ 01'e yI'e 9I'e 6L°C (433 $9°¢ (UNS 89°C yS¢ ¥9°¢ 0S¢ £€9°¢ SL'e SLE 0N
6L°'1 98’1 €51 061 LTT 791 ¥T'T L9'T o'l €T 96°L LT1 Sl LT'T YTl 9S'1 SLO oed
(40 €5°0 290 780 8L0 S 40 68°0 0 9¢0 8¢°0 0 9¢0 0’0 0¢€0 €€°0 0¥°0 10 O3
900 S0°0 L00 90°0 0ro S0°0 L00 900 S0°0 61°0 010 S0°0 S0°0 S0°0 900 ¥0°0 00 OUN
e €5°C 98°C 1243 (434 L1C €8°¢ 8I'¢ 65T €6'C S6'C L8C 9L'C 8Y'C 68°C LS'T L9C 024
LTY1 eIyl 6TVl 89°v1 901 (11a4! 9eY1 YLEL 16'C1 STel STel €5°¢l 9S° ¢l 0S¢l IS¢l £€6'¢l 8V €l 09V
950 Se0 Y0 €50 ¥$°0 6€0 090 0r'0 430 6v°0 wo 9¢0 £€r'0 0¢€0 LY'0 6v°0 9¢0 Ol

YSIL 00'vL 61°CL L6°0L €0°0L 68°CL 80°1L LYy'CL LY'YL 00°¢L V'L 99°¢L SSEL 0TvL 1S°€L CeEL 1TYL (%) OIS

8-AN L-aN S-aN -aN ¢-anN T-an I-aN  01-dvS 6dvs [-dvs 9-dys p-dys ¢dvs  z-dvs 9-VS S-vVS ¥-VS ON 9[dueg

(ponunuod) 9IJOAYI IYeZIY] oY} JO JUSWIS[S YIIed dIel PU. JUSWISS 99k} ‘uonisodwos j[ng 9y 'Z [qeL

12



REFRHTHT, AZRHLHNC 73459 % ARIRRHcs OHEAR « A AL 2AHoE

1000

—— Kizaki rhyolite
—©— Nohi rhyolite

100

1000

Kizaki rhyolite

—@— Aoki granite

—m— Ariake granite

—O— Ishizaka rhyolite

—H— Usunaka moonstone welded tuff

100

1 1 1 1 1 1 1 1 1 1 1 1 1 1
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Fig. 8. Chondrite-normalized rare earth element patterns. a: Kizaki rhyolite and Nohi rhyolite
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b: Kizaki rhyolite and related
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Fig. 9. Spider diagrams for each type of the Kizaki rhyolite.
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Table 3. Chemical composition of Allanite

Sample No MO-2 MO-2
Mineral  Allanite Allanite
SiO2 28.17 28.46
TiO2 2.36 2.35
AbO3 12.06 11.67
Cr203 0 0
FeO 15.8 15.22
MnO 0.1 0.2
MgO 0.52 0.41
CaO 8.99 9.05
Na20 0 0
K20 0 0
TeO2 0.83 0.67
La203 7.87 7.76
Ce203 12.98 12.7
Nd203 2.88 3.13
ThO2 0.11 0.31
Total 92.67 91.93
0=12.5

Si 3.161 3.219
Al 1.595 1.555
Cr 0.000 0.000
Ti 0.199 0.200
F** 1.485 1.442
Mn 0.010 0.019
Mg 0.087 0.069
Ca 1.064 1.079
Na 0.000 0.000
K 0.000 0.000
Te 0.044 0.036
La 0.382 0.380
Ce 0.176 0.169
Nd 0.075 0.084
Th 0.003 0.009
Total 8.280 8.260
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Fig.13. CaO-Ce diagram.
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Table 5. Chemical compositions of magnetite and ilumenite

Locality SAp-2 SAp-2

Mineral  Magnetite IImenite

SiO2 0.31 0.17
TiO2 6.67 49.45
AbO3 0.07 0.02
Cr203 0.00 0.00
FeO 83.09 40.24
MnO 0.78 6.94
MgO 0.00 0.10
CaO 0.11 0.00
Na20 0.04 0.00
K20 0.05 0.00
total 91.07 96.92

0=4 0=3

Si 0.012 0.004
Al 0.003 0.001
Cr 0.000 0.000
Ti 0.198 0.965
EF*t 1.581 0.062
Fe*t 1.169 0.812
Mn 0.026 0.153
Mg 0.000 0.004
Ca 0.005 0.000
Na 0.003 0.000
K 0.003 0.000
Total 3.000 2.000
Ti 0.198 0.927
Ee*t 1.169 0.897
Ee** 0.790 0.030
Total 2.158 1.854
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