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Depositional age of the Tertiary Kuma Group, Shikoku, and its significance
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Abstract : Cenozoic clastic sediments in the Kuma
area, Shikoku, southwest Japan, previously desig-
nated as the Kuma Group, are here redefined as the
Hiwada-toge Formation and the overlying Kuma
Group sensu stricto, considering a significant
time-gap between them. The Hiwada-toge For-
mation is Early Eocene in age on the basis of
dinoflagellate cysts, while the lower part of the
Kuma Group s.s. (Sagayama Formation) was dated
as late Early Miocene by fission-track dating.
Organic microfossil assemblages show that the
Hiwada-toge Formation contains marine strata and
the lower part of the Kuma Group s.s. (Sagayama
Formation) is of non-marine origin.

These results provide two geochronological
constraints critical to the regional tectonic history.

The age of the Hiwada-toge Formation indicates
that the Sanbagawa metamorphic rocks came
under subaerial erosion by Early Eocene in its
provenance area. The relationship between the
Median Tectonic Line (M.T.L.) and the northern
extension of the Miocene Kuma Group s.s. and its
contiguous strata shows that a compressional
activity of the M.T.L. occurred during a relatively
short period in late Early to Middle Miocene.

Key words : dinoflagellate cysts, fission-track dating,
Kuma Group, MTL, Miocene, Eocene
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HEOMENOBRHEHCE LENEEZ 28BRHIBTH
3. f£1, FREEFEPREBEROBAICSTT 5120 (81,
1977, RSB OEERIC>LWTbEIEEL S, LhL,
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UREMbA (Nagai, 1957) iED &, RERZEH LA BE,
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RE, 1996) 1ok 3.
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H1k REKLBEUOREK2 X0EHLAEHREBLA.

HEKIOS IR HEK2OS R
(O hEIEE) (2R L )
Marine Dinoflagellate Cysts Pollen and spores
Achilleodinium biformoides C GYMNOSPERMS
Achomosphaera ramulifera R Abies R
Adnatosphaeridium multispinosum C Picea R
Alisocysta sp. R Pinus R
Amphorosphaeridium ? multispinosum | R Taxodiaceae R
Areoligera senonensis R Tsuga R
Areoligera sp. cf. A . senonensis R ANGIOSPERMS
Canningia sp. A Alnus R
Cordosphaeridium fibrospinosum C Carya R
Cordosphaeridium sp. cf. C. inodes R llex R
Cribroperidinium tenuitabulatum R Juglans /Pterocarya | R
Glaphyrocysta pastielsii R Liquidambar C
Hystrichokolpoma rigaudiae ? R Nyssa R
Hystrichosphaeridium tubiferum Cc Persicaria R
Impagidinium_sp. ct. I. pentahedrias R Symplocos R
Impagidinium ? sp. indet. R Ulmus /Zelkova C
Pentadinium sp. cf. P. polypodum C Cupuliferoipollenites | R
Spiniferites sp. R Faguspollenites R
Systematophora placacantha R Margocolporites R
Tectatodinium sp. C Quercoidites R
Thalassiphora delicata R Reevesiapollis R
Trinovantedinium boreale C Sporotrapoidites A
(total cysts recorded 157) Tricolpopollenites e}
Marine Algae Tricolporopollenites o3
Baltisphaeridium spp. A Triporopollenites R
Cyclopsiella sp. R FERN SPORES
Micrhystridium spp. A Laevigatosporites R
Pterospermella spp. R Magnastriatites R
indetermihate cysts C other trilete spores R
Freshwater
Dinoflagellate Cysts
Parabohaidina sp. A| A
EHBEORR L, BEER(LE - BRI Parabohaidina sp.B| A
DWTILECSHBERE & BHEIC, R=1~51E1F, Parabohaidina sp. C| R
C=6~20fA11k, A=21{A{KLIE ; TE42 - BBF Aquadulatum sp. A | A
{ERIC DV TS RESHEF B OB DIEECHEARE Aquadulatum sp.B_| A
DA RIS R=4%LT, C=5~39%, Freshwater Algae
A=40%LL L. Pediastrum spp. [A

F HEREPEE D SALHER D & 13, TEUSHTH~ ST T
WEBMoOT2EE LT, AEEE KL » 5870 0 iailE
#w AL L © 5 B, Adnatosphaeridium multispinosum,
Cordosphaeridium fibrospinosum, Amphorosphaeridium?
multispinosum ODEHMBEBL TWES L TE D (Y,
1989), FiLo#EE LFFINTH 5. BH K1 OiRMIER{LA
BHEL, CREREAHTELL L OB AR © L B REREE 4 <
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 , TOBEORTERD, HEOHBERLELONG.

R K2 13, WHEERLAB LOTER - T LA KE
L7z, T2 & 5 I BHEMED 5 & CARREHIB KL EE A
5h 5.

AABOEMEERNGEE T, Parabohaidina Jg§ &
Aquadulatum B3 8% d 3. Parabohaidina J&¥, Song et
al. (1978) T & - CHE#IMEE OR/KERETETHT & S 0 5 HUE
»oRFICEE SN, SEIE S i Parabohaidina sp. A
& P osp. Bld, & & IicBHAEKRKERE D Woloszynskia
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BV, Aquadulatum |34 — X+ 5 Y 7 RN F T OEIKEL
52 (Harland and Sarjeant, 1970 ; Burden et al,, 1985),
15 I v M OFEKEEEET- R (Song et al., 1985)
PoI|ENTWS, Th 5D Aquadulatum JBLA L TLEE
Wit s 3 BHAEY X I, PROEKE
Woloszynskia J& 1< 1 & 11 T \» 2 (W. pseudopalustre
(Woloszynska) ® W . cestocoetes Thompson). %1 5T
v 2 b OIEERICBET AR AR 143 78 72 %, Aquadulatum
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sp. A A. sp. B Woloszynskia @D ¥ X + ThH 5 EWiRE
TEEVA, RIELOEL L EETNE, T O HEER
B, IO, S, REEhOEEERELABRERAE
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—7, AR K20kl - RTILABEEE RKEOD
Sporotrapoidites D FFFE 15 % B X U Magnastriatites Dl
LT b B, Sporotrapoidites & HAT ZATE IS
O - © Hemitrapa RENADET 2 HRkEDOHE
(BHEERHLCHEER, HEENEERD » oMk
N, FIPEEMCHLE Trapa (V) TR EEMUT ST E
& Hemitrapa? fE¥{bA & L TEA (1963, 1964) ¥4 L
7oy 79 ThHB. T Magnastriatites ZHIKEE ~ 5 HEY) D
Ceratopteris BT & HATELS—F L, 2ho/bAETH
3. O - FETLABE KIS I 1S R AR
AL TVREELON, HREREE L TRhDDIEVE
Kk GEAZN, B, MizE) £HRT 5.

PIED &5 nEEEABILATEL, < oREH ISk
KB TH BT EERL TS,

FT &HAIE

FTERAMEROSRE & LT, BElLMBEE T 21K
DEIKEED 530k K3 K4 Z AL 72, FBUtS2E 1K
WRY. TRHKEIC D WTREE (1972) MESRMMIRERE
LTHY, REK3KL Z&LEE (1972) ok K101, K4
IR 5, Bk K3 iRt oREERIKE T, SETFTiA
¥ MNER BERSED SNhE. R K4 3EERONER
IRET, 8 FTAE #ER 7VEA BEERFEDS
N5,

MIEFNE L, Tagamiet al. (1988) IR WAL E
Aot REEEBWI0kg 27 59 ¥ v —, INTHRL
fob, KL TRESZRO R . EHsEL B
EfT-1-0b, EREEET TEREET BT Y va Y
KFAZER L. Chd% PFA 570y y— hicilniAd,
drH% & ONHE A S F THIE L, 225.0£0.5°CD KOH-
NaOH EE VHBK T v F v 7% (Fote, F7RYY— b
EHEICHERREEEEE L, FEBAFEIEIUE 47 TC-Pn
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i 1:Liquidambar, 2 : Persicaria, 3 : Sporotrapoidites
(E), 4:[E GRE#ED, 5: Magnastriatites, 6:
' Parabohaidina sp. A, 7 : Parabohaidina sp. B, 8
Aguadulatum sp. A, 9:Aquadulatum sp. B, 10:
Pediastrum sp. (UL EEE K2 BEH), 1L: Achille-
odinium biformoides, 12 : Adnatosphaeridium multi-
spinosum, 13 : Hystrichosphaeridium tubiferum (LA
L BR K1 EHD .

-4 Te8MbA, 5HETLA, 6-9, 11-13 IREERE{LA,
10 BEH(LA ; 6-10 IALMEER, £ oMo THE

24 —==50um, 727ZL5IK2\VWTDH 80um.

Fak FTHEANERR

es Ns oi Ni od Nd T+20 n P(x?)
(10%cm?) (10%cm?) (10%cm?) {Ma) (%)
K3 3.74 979  4.07 1063 0.0954 2482 15.8%1.6 23 3457
K3 3.63 1691 3.88 1807 0.1061 2836 17.8=1.6 30 22.64
weighted mean  16.8+1.1

Ka 3.77 403 3.36 359  0.0934 2378 18.8:3.0 13  52.80
K4 3.51 1146 3.67 1199  0.1061 2836 18.2%1.8 30  33.05
weighted mean  18.4x1.5

0s BN Y OERE; Ns: o SREDIOIHALELAR S v o8 o1 M5y CEE;
Niip iV REDEDHBLAESBE LS v o8 0 dEENSALOBEERS v /R, Ndp d
REDHHBULLFELS VOB 70y ar bS5y oER (822 o(ENs & NiodfiE
DOEE)  nGMECERLHTH; P(x ) EBE-10 x 2HE (Galbraith, 1981)

B T 30 T IRE 21T - 7. RER, AZFEH
211 325+05°CD 46% HF BT v F v 7 R4 - fe.

FT R OEH T Zeta 7 (Hurford and Green, 1983), #%
EOEH E Green (1981) @ conventional analysis IZHE >
fo. B\ Zeta fliid 835894140 (20) TH 5. AIEHREE
2RITRT. AENEKIKEHERERES 5 720 OREL
DT, NV Yy 7 TREFEREZERMGEAT.

B K3, K4 &EbNEEL Vv a TR EEAIC2EI
A, BIOMEAICRE 21T - fo. EEERAEER TN, 25
TR LNIEREICEELZRRELNT, S Thoik
e HEKHEE 5% O 2 #F (Galbraith, 1981 ; Green, 1981)
AL, K3, K4eoEMRELT, ZhTh 2 HEHoNE
SEE D 16.8+1.1Ma, 184+15Ma (20) ZHMAT 5.

E £

AE 0T, EROATBR K2 OHRBRERITLY, K
XL THAENB T EMHBAL K GE2 XD, BRODHIEE
BFEEEETH B Z EMbhir - 1. FEEH» 513, Hanzawa
(1959) Aich i~ ket &R RAEAALRERTH D, k
SORBHR L BETT 5. ANEE (B3 &, AFT EAH
EPEE - B (1996) @ FT £4, 1 (1980) OfEYMLA
FERDL S THR~hFIHHTH 2 LELONE, KL,
Nagai (1957), 7k (1972) WA TEH () »SEMT
LHEYHMLE  (Sabalites nipponicus, Nelumbo nipponica,
Ficus tiligefolia) % FEUEHMOSDELTVS, S5
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Takahashi (1962) JfE#MbA OIS S AT BEAME
(Nagai, 1957) ZJtiuHoBEFBECHLL, BEHEOER
EEHE LTwa, CnS0EGIRSHBROEES L TEY
N3, KE (1985) TEHZRS Wz FRBIHEEEBICOWVL T,
o8 &P PBEN I HIRITHNT L T T B T &, FRUGE
CHSALEBSRERTSH S Lo, ThOBEFFHAE
SHIRETHS EEZ 5.
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b, VORIEEBERTH B EBbhot. TER BiE
WWBIL TR R SR EEL LN TEY
(FABE - S, 1979), #%F Bl CREHLEPHEREFNER
M SRR TH 5 LEZ TV OKIE, 1986). ABFSE
THROLNIHEBER N OZAETRT 5.

FREORERY 5, H=FLOT 7 b =7 ZITBALLITO &
SHHRBEA NG, CbEIHEIR=H) 2R kO
A ESUEE D SRS 0T, FEH BT ZEEE
HHIFRICEH L o0 BRI H DRI TH 2 L 0WE 5. &
7z, E&fE (197D, WF (1993), BH (1996) kB &, A
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iR T O RS EE S hT VB (HIBE D,
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X 2

Burden, T.E., McAndrews, J.H. and Norris, J., 1985, Palynology of
Indian and European forest clearance and farming in lake
sediment cores from Awenda Provincial Park, Ontario.
Can. Jour. Earth Sci., 23, 43-54.

Galbraith, R. F., 1981, On statistial models for fission track counts.
Math. Geol., 13, 471-488.

Greeén, P. F 1981, A new look at statistics in fission track dating.
Nuclear Tracks, 5, 77-86.

Hanzawa, S., 1959 The foramlmferal species Fabiania cassis
(Oppenheim) in Japan. Cushman. Found. Foraminifera Res.
Contr., 10, 119-122..

Harland, R. and Sarjeant, W.A.S, 1970, Fossil freshwater micro-
plankton (Dinoflagellates and acritarchs) from Flandrian

1999—4

(Holocene) sediments of Victoria and Western Australia.
Proc. Royal Soc. Victoria, 83, 211-234.

Hurford, A. J. and Green, P. F., 1983, The zeta age calibration of
fission track dating. Isotope Geoscience, 1, 285-317.

BEEEE, 1972, BHitATBEOBRREIKS. BBEALE, B4R
¥, Dv ) —X, 17,51-6l.

BEEE - REEM, 1996, HE, ARLE=2RATEHOBKED
Taw¥avebIy 7ER B 91, 196-200.

FBRRER - SE BAEE, 1979, ATEHOHBEE. MHE=2 -2, 293,
12-21.

ARBURME, 1985, BBy, X FUTELOBHHA I EE OERF
CHFERE. BEMETRS - REEHERYERE (‘A5 v
TH oL T2 b=2 X, 133-144.

ARIREA, 1986, PUEHLAEE, HE=RATEEH O =FEREHER
R o WT, R oTR FE iRt S)
4, 33-40.

FHEE - B 1997, JuEETE, #EEORMERLAE
R REE SzoBHR HER, 103, 1179-1182.

Martini, E., 1971, Standard Tertiary and Quaternary calcareous
nannoplankton zonation. In Farinacci, A., ed., Proceedings
of the Second Planktonic Conference, Edizioni Technoscienza,
Rome, 739-785.

MARFIT, 1980, ASELR, M» Ml B 2 25 [RuEyEc -
W, HREREERGRETL SRR, 49-56.

A=, 1956, ARBILESIBOMERN LAREALE =L OoH
S, BIEAICE, IO, 2, 145-154.

Nagai, K., 1957, The upper Eocene Flora of the Ishizuchi Range,
Shikoku, Japan. Mem. Ehime Univ., Sec. 2, 2, 73-82.

AHIE=, 1972, WE, BEHFERATER. BREARE (BARS), D

VY =X, 7,1-1.

Powell, A.J., 1992 ed., A stratigraphic index of dinoflageliate cysts.
Chapman & Hall, London, 290p.

EAB=HF, 1963, AFHFERBOIERBFFIITIE VI—HIERAR
B— ZRBEFEKRKE, 11, 13-24.

%%EE%J%&K%ﬁiﬁEGE%E$$%Hﬁvm*%% =
B MAToREH— RE¥ZKICE, 12, 37-50

Song, Z., Guan, X, Li, Z,, Zheng, Y., Wang, W. and Hu, Z., 1985, A
research on CenoZo,ic palynology of the Longiihg structural area
in the Shelf Basin of the East China Sea (Donghai) region (in
Chinese with English summary). Anhui Science and Tech-
nology Publishing House, 209p.

Song Zhichen and Research party from Nanjing Institute of
Geology and Palaeontology, Academia Sinica, 1978, On the
Paleogene dinoflagellates and acritarchs from the coastal region
of Bohai (In Chinese with English summary). Science Press,
Beijing, 190p.

EARGIRER, 1977, EHREBMUTTREIROHE & choefEsit, Mz, 83
325-340.

Takahashi, K., 1962, Pollenformen aus den eozanen Kohlenflozen
von Ishizuchi. Mem. Fac. Sci., Kyushu Univ., Ser. D, Geology,
12, 1-26.

T #1993, BAUHEAY OFER B ARTINRS & O R ERD
WOENE T, HWHEFHE, no. 42, 225-244.

RHEEE, 1996, PUE, MALEEREO PREER O it -t 5
7 b=y REEBRMER. B OERAERBRELDSRXE A1
233-240. )

Tagami, T., Lal, N.,, Sorkhabi, R. B, Ito, H. and Nishimura, S., 1988,
Fission track dating using external detector method : A lab-
oratory procedure. Mem. Fac. Sci., Kyoto Univ., Ser. Geol.
Min., 53, 1-30.

BT - N4 ZEHE - RAROL - KRRE, 1993, MEHLAES O
PREERRITIA S BYE KIS O & K-Ar R, #EFHE,
no. 42, 267-278. ’

Yu, J., 1989, Dinoflagellates (in Chinese with English abstract).
In Research‘Party of Marine Geology, Ministry of Geology
and Mineral Resources and Institute of Geology, Chinese
Academy of Geological Sciences eds., Cenozoic paleobiota of
the ccontinental shelf of the East China Sea, Geological
Publishing House, Beijing, 112-159.




