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Crystallization temperatures and petrogenetic source of the Shibi-san
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Abstract: The Shibi-san granodiorite body is located in the Satsuma peninsula, northwest of Kagoshima. It represents
one of the Outer Zone-type Miocene granitic rocks of Kyushu, that intruded into the Cretaceous sedimentary rocks
of the Shimanto supergroup. In this study, we investigated zircon crystal shapes that were separated from the
granodiorite samples to estimate the temperature of crystallization of magma. In addition, the zircon crystal typology
was applied to assign a petrogenetic source to the granitic magma. In total, 629 zircon grains from 8 granitic samples
were investigated for crystal shape and the estimated temperatures ranged between 650 and 850 °C, with overall
average around 770 °C. Based on the zircon crystal typology, a sub-alkaline granitic source to the parent magma can
be assigned.
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OHBIEIGNRELS D EZEZXLNTWD. F£7o, fitlh% Index of Temperature (BLTF LT), F#iih
% Index of Alkalinity (LLFTLA) & L, 100 45 800 OISMA A5 = LT, YA 3L OkmiviE
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Fig. 1. Zircon crystal typological classification diagram (reproduced from Pupin [6]). Inset at top right shows
typical crystal shape of types {100} and {110} zircons (modified after [7]).
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Fig. 2. (a) Geological sketch of the Kagoshima prefecture showing the exposures of Miocene granitoids of the

31°57'0"

Outer Zone of Kyushu (map adopted from the Kagoshima University Museum on-line field guide:
https://www.museum.kagoshima-u.ac.jp/kaum/KFEG_geology/kgeomap). (b) Simplified geological map of the
Shibi-san granodiorite and surrounding rocks (map modified from [3, 4, 5] and the Geological Survey of Japan

Seamless digital geological map of Japan (https://gbank.gsj.jp/seamless/2d3d/).
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Fig. 3. (a) Field photograph of porphyritic granodiorite. (b) Hornfels around granodiorite.

WSS EIZR T, 1FEALDEARBNREAICECAN A BREREHENOIERNREETH 5.
LRGSR E LTRABEOBESAH Y, EON ) BEAOAFEMS S Loz (Fig
5a-b). AERERDJEDIZH 20U G+ REOW « JeE BB 7 =V 2L L TR Y, RO A5 EZE
BAEH OB 41T T\WD  (Fig. 5e-d). £7z, fERAEICHBEI Y ) ATMRORA, AkB X
OH 7 AEOIKENGRY, ZRAMKD O TIEeWnh & & x b (Fig. Se-f).

Fig. 4. (a) Hand specimen of Shibi-san granodiorite (sample Shb-13). (b) Zoomed part, shown in a rectangle, that
contains a well-developed euhedral porphyritic feldspar crystal. (c) Hand specimen of granodiorite with mafic xenolith
(sample Shb-09).
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Fig. 5. Photomicrographs showing the textural features of Shibi-san granodiorite (a-b), hornfels (c-d),
and xenolith part (e-f). Photographs in the left side are taken under plane-polarized light and those shown
in the right side are under crossed polars. Abbreviations shown are: Bt: Biotite, Kfs: Potassium feldspar,

Hbl: hornblende, Mtx: matrix (fine-grained fraction in the xenolith part), and PI: plagioclase.
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Fig. 6. Photomicrographs of zircon crystals. Note that majority of zircons display {100} and {110} type prism

faces. Zircon from sample Shb-19 and Shb-21 are from the hornfels. Scale bar is 50 ym.
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N

Fig. 7. Cathodoluminescence (CL) and backscattered electron (BSE) images of zircon from the Shibi-san
granodiorite, showing the internal structures of zircons with typical oscillatory growth zoning. The enclosing

hornfels (Shb-7b, Shb-19) rock shows zoning typically found in metamorphic rocks. Scale bar is 50 um.
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Fig. 8. Distribution of crystal shapes of zircon populations (%) from the Shibi-san granodiorite, plotted on the

typological scheme of Pupin [6]. Darker colors (with higher percentage) represent the abundance of zircon

crystal sub-types.
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Fig. 9. Box whisker graph of temperature of crystal shapes. Numbers in the boxes represent average temperature

of individual sample. Horizontal line in the middle of graph shows the overall average temperature (770 °C)

calculated from all samples investigated in this study. Tops of the whiskers indicate the maximum and bottom

are minimum temperature estimates. First interquartile range is 25%, center line is median representing 50%

and the third interquartile range is 75%.
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Fig. 10. The distribution of arrows shows the origin of magmatic segregation direction of zircon population

(modified after [6]. (1a, b, ¢) calc-alkaline series granites. (2) sub-alkaline series granites, (3) alkaline series

granites).
Table.1. Investigated zircon grains and estimated temperatures

Sample Number Crystal shape category Index of Index of T (°C) Average

of grains Alkalinity Temperature range T (°C)
(ILA) (1. T

Shb-6 69 P2.s, S10, S5, S0, S25 632 561 683-850 780
P2.s, Sa-s, S10, S14-15,

Shb-7 80 S20, S24-25 601 617 667-850 808
P2.s, S10, S5, S19-20, Sz4-

Shb-8 94 25 623 560 675-850 780
P3.4, So-10, S14-15, S19-20,

Shb-10 92 S24-25 600 553 700-850 776

Shb-12 69 P3.4, Se-10, S15, S24.25 624 525 700-850 763
P3.4, Rs, Ss, Sg-10, S14-15,

Shb-16 90 Si19-20, Sz5 631 504 663-850 752
P2.s, Sa-5, S10, S14-15,

Shb-21 66 S20, S22.25 635 486 650-800 743
P35, Ss, So-10, S14-15, S1o-

Shb-23 69 20 620 506 670-830 753

Average T (all) 769
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2 O HREE DY 650-850 °C DICEF L TEY, FEFITEOIR CRREEERDER I - & T 5[2]
DWE Z AR DR B G DT,

%2, Pupin[6]DFESIERED LT & LA OVE L R~ 7~ O b F T2 277 7 T, (2)
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BEERT 5200 FThb.
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