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Abstract : In the southern part of the Higashiyama hills, at the eastern margin of the
Niigata sedimentary basin, are widely outcropped the late Miocene to Pliocene, bathyal-to-
shallow-marine, upward-shallowing sedimentary formations under the control of the north-
south trending folding structures. Recent detailed stratigraphic works based on many tuff
key beds revealed thelateral change of sedimentary facies from deep-marine one to shal-
low-marineone eastward, Detailed vertical and lateral heavy mineral analysis of the early
Pliocene turbidite sandstones in the Kawaguchi formation, attaining 850 meters in maxi-
mum thickness, disclosed that heavy mineral composition of the turbidite sandstones in
the eastern half of the study area are completely different from that in the western half of
the area. The results of heavy mineral analysis and sedimentological analysis convinced
the new conclusion that twokinds of turbidite sandstones, shallow-marine shelf turbidite
sandstones in the eastern half and deep-marine submarine-fan turbidite sandstones in the
western half, are concurrently formed in the study area during the early Pliocene age.
The present study reveals that positive combination of heavy mineral analysis with
sedimentological analysis leads to the new fact that heavy mineral analysis is a useful tool
not only for the estimation of provenance but also for the analysis of sedimentary process
itself. It is also stressed that heavy mineral analysis can be expeéted to play an important
role for the exploration of the stratigraphic traps, because heavy mineral composition
works as a good marker which characterizes the individual sandstone bodies occupying
the specific spaces as shown in this paper.
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Fig.1 Index map of the study area.

1, Holocene fluvial deposits, 2. Miocene to
Pleistocene sedimentary and volcanic rocks, 3.
base mentrocks(Mesozoic sedimentary  and
plutonic rocks), 4. Late Quaternary volcanoes, 5.
anticlinal axes.

Ni : Niigata, Ka : Kashiwazaki, Na : Nagaoka,
Oj : Ojiva, Jo : Joetsu.
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Fig.2 Strétigraphy and lithology in the study area. Modified from Yanagisawa et al. (1986).
1. gravel, 2, sand and silt, 3. marine silt and sand, 4. sand, 5. sandy silt, 6. mudstone with intercalation
of sandstone, 7. mudstone-dominated alternation, 8. sandstone-dominated alternation, 9. mudstone, 10.
andesitic and dacitic volcanic breccia, 11. andesitic and dacitic lava, 12, dacitic pyro clastic rocks, 13.
rhyolitic lava, 14. sandstone and conglomerate, 15. andesitic pyroclastic rocks
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Fig.3 Lateral change of lithofacies along the east-west direction. Modified from Yanagisawa ef al, (1986).

3. IInBOHE

HIUESRO AR, > R » I TR, 8O
BREEESRENEEL L TATERTHEZ &b
b, RHELETRDBOT SNT VS, Zh s DEKEHR
Bz, BIERE (1985) BEILFHOERR CREL, M
WiEo (1986) TiEZh o % RILESHE BB L 7.
7 OHESR, AR T, S (RE) R L R R a RS (%
B £ SEAETAS CRIRL, A—EKERBETI
HAANBOEE (IO RBE) ~ Bl Tw Z L, &
P EBREESRICOARELTRS 2 ERES S LS
7z (Figs. 2-4).

TEE (e A RITRE) 0| B, A — PRk
DEEEY — 54 MNdERER RO EES DS
REHE D 553 FH/I OB KD LA — P VETO

¥ —E5 A MDEERAREES D ERELE» S
3 EEIIOR(KwIcRS&EN3, 205 B/IIOBTE
BREAEMOERTRBMICE 2D, FENCIIFEEHREK
COANE LTS, I TExMbLT, JIOBFO
F—EF 4 PRER ETREEL CEHT S EAHE
$, fEfE(1985) 1%, ZDLSIE Lo CEHT S
PHEREEIRMA (DT © depositional tongue) & &2 T
3. fERE(1985) i, OB LER k2 S HBOEIKE
#EE AW, JIIOEFEMOERERECEL DS -
54 M EEEORIL AR OB R RE LIRS,
B KEZ LnZ L 2SI LTz, & 71848 (1985)
&, JIIOBm Y — 54 MNdEOEHRASERRNC KD
SHETHBZERHESpET B EEBIZ, NIIOBIE, #
BEREEEILCBE S w205 #RE L - T ERRT
WREMTH SO LHEELL.

— 4564 ~—




Gy —

Fig.4 Geologic map of the study area and paleocurrent directions measured from various sedimentary structures of the turbidite sandstones in the

Kawaguchi formation. Geologic map is modified from Yanagisawa et al, (1986).

1. sole mark, 2.sole mark (Sense is unknown. ), 3. preferred orientation of gravels in the sandstone beds, 4. current ripple laminations ,5. preferred
orientation of wood fragments in the sandstone beds (Sense is unknown. ), 6. Orientation of the wall of small channels (Sense is unknown. ).

a . Holocene fluvial deposits, L : Pleistocene landslide deposits, U : Uonuma formation, W : Wanazu formation, Us : Ushigakubi formation, Kul
 Upper Kawaguchi formation in the western half of the study area, Kl . Lower Kawaguchi formation, A : Araya formation,” Tv : Toyagamine

formation, N : Nishimyo formation, Ky : Kiyomoto formation, J : Jonai group, B : Pre-Terciary basement rocks.
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Fig.5 Alternation of turbidite sandstone and mudstone in the upper Kawaguchi formation in the western
part of the study area. Locality is at lg in Fig. 10,
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Fig.6 Alternation of turbidite sandstone and sandy mudstone in the upper Kawaguchi formation in the
western part of the study area. Locality is at 1b in Fig.10.
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Fig.7 Exposure map showing sampling points along the Nobegawa River. Arabic numbers along the river show the sampling points and sample numbers in Fig. 9. [
1. sandstone, 2. sandy mudstone, 3. massive mudstone, 4. sandstone-dominated alternation, 5. intercalation of thin-bedded mudstone bed in massive sandstone, 6. alternation of thin-bedded
sand stone and mudstone, 7,unclear alternation of thin-bedded sandstone and sandy mudstone, 8, sporadic intercalation of thin-bedded sandstone in massive mudstone, 9. intercalation of tuff
marker, 10, inter calation of tuff marker, 11, tuff or tuff breccia, 12. pebbly mudstone with outsize volcanic breccia and mudstone, 13. slumped deposits, 14. sampling point.
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Fig.8 Lithologic column of the succession along the Nobegawa river with sampling horizon and type of
heavy mineral composition, and with horizon of major tuff markers (NAI1-NA60) .
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Fig.9 Results of heavy mineral analysis along the Nobegawa River. Each sample point is shown by
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Fig.10 Locality map of lithologic columns (Fig.11 and Fig.12) and samples for the NA 24 and NA33 tuff marker horizons.
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Fig.11 Lithologic columns of NA24 horizon arranged along the east-west direction and type of heavy mineral composition of
turbidite sandstones.
1. mudstone, 2. sandy mudstone, 3. turbidite mudstone (sandy mudstone), 4. sandstone, 5. conglomerate, 6. tuff
marker, 7. lithology indicater (a :mudstone, b : sandy mudstone, c : sandstone, d: conglomerate), 8. laminated
structure in sandstone bed, 9. mudstone clast, 10. gravel (pebble to cobble), 11, very coarse sand to granule, 12, shell
fragments, 13, trace fossil, 14, reverse grading in the lowar part of the bed, 15. “Typel” heavy mineral
composition, 16, “Type I -II” heavy mineral composition, 17, “Type II” heavy mineral composition, 18. “Type III”
heavy mineral composition, 19. DT (depositional tongue).
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Fig.12 Lithologic columns of NA24 horizon arranged along the east-west direction and

type of heavy mineral composition of turbidite sandstones. For legend see Fig.11,
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Fig.13 Sampling localities and type of haevy mineral composition of sandstones in the study area.
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Fig.14 Schematic reconstruction of sedimentary environments and process in the study area during the
deposition of early Pliocene Upper Kawaguchi formation. (A) Plan view, (B) Vertical view.
DT : depositional tongue, SDT . small depositional tongue.
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Fig.15 Change of interpretation of lithofacies of the Kawaguchi formation in the east-west vertical
section between before (A) and after (B) the application of heavy mineral analysis.
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