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Sedimentary Structures in a Sandstone Bed
of the Upper Jurassic Arimine Formation,
Southeastern Toyama Prefecture

Satoshi Hirasawa

1013 Fukumasu-machi Kita, Kanazawa City,
Ishikawa Prefecture 920-0376, Japan

Sedimentary structures observed in a sandstone
bed of the Upper Jurassic (Oxfordian) shallow marine
Arimine Formation are reported. The described
sandstone bed shows thin, sheet-like geometry, which
is intercalated with rather thick, bioturbated sandy
siltstone exposed at the middle reach of the
Higashisakamori-dani Valley (Arimine area, southeastern
Lithofacies of the bed are
summarized as follows:
(but
grained sandstone containing siltstone rip-up clasts

Toyama Prefecture).
1) poorly-sorted, massive
locally with faint parallel laminae) fine-
in lower part, 2) alternation of parallel laminated
very fine-grained sandstone and silty very fine-
grained sandstone in middle part, and 3) upper
part composed of very fine-grained sandstone
exhibiting lower massive and upper current-ripple
cross-laminated intervals.

Each part of the sandstone closely resembles the
Bouma divisions A, B and C in ascending order (T a-c
divisions as a whole). However, the observed succession
is somewhat different from the typical Ta-c divisions
in terms of the lower parallel lamination in addition
to the massive lithofacies between the middle
parallel- and uppermost cross-laminated intervals.
The

paleocurrent pattern from north-east to south-west.

current-ripple cross-lamination indicate a
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1. [FL®IC

BILRFEREE (FlgEHs) cafmid s, EHYa7%
g TR I NI HEEED 1 fl2RET 5. HlkfRE
EARFICBNTOTRICALND Y 2T RMBRIED 1>
Th D, KEOEMEFSEL T 28 EEHY A ICON
TIE, ®iE - ®E (1957) BIOWE - BiR (1958) %
U E LB Z L OERH S, UL, EoMEe
JBYEZ L DA, FRICHERREE RS+ s Tn
AN

Z ZCARTIE, HERARS (FIEHIEILE) oma i
JBICFBS L HERER G 2 fRE L, FIERICRIT 28
LoE#o 12Tz s.

2. thEBER

HlgERg (WA, 1955 4y, #8)IN&EA>, 2014 FHidk) &
IR FE RSO FEMIRKICREL, MY 2Tkt y 7
AT =T 4 T VHOT o A NESKECREO LA
ZET HEMARETH S HiH - BE, 1957; {4 - BRR,
1958; Matsukawa et al, 2008; -##iZ4>, 2010; Sato
and Yamada, 2014; Fig. 1). AEI3EyiEH 42008 C
ZF T RAWEY )V MEEZEARE L TEBY, Bouma Ta,
TabZR 7 —EX A bV Ey ZREIEERHR LU R
7 = — VRIS EHE O R U a8 A Bkte (Sato and
Yamada, 2014; 5, 2016, 2017; Goto et al, 2018;
W, 2019). FUEHISRO LI ALE 2 FIRFRA DO H ~
BVREICE, BBV NEOESRWE LV ME SR
J& D3GR M T 5.

BUERIXFL YDA Y 7 27 +—FT 4 7V HETH
2 TALOE)IE ZFEA T, WO N E RS
JERE (=RiH, 1961OFHERE. #Fim X Nagata et al,
201822 M) 1Tk > TAREAICHES LD (IRINED,
2014). Fiz, TNHOEEY 27 RIFLFHY 27 %D
REEFERMEH L NERITEO 1, HOLWIETHETHEL T
W2 (RiTE - ®FE, 1957; 4 - BFIR, 1958; AMEEIED,
2010; #)11&2~, 2014).

3. BEHEOEH

AFEFLHEOR R L LcaiE (Fig. 2) 1%, FRERO
AR (367 307 20.74” N, 137° 277 50.20” E) 0
HTEZEIND (Figs. 1, 2, 3A). BEHIIEAWEI L
b A~ AR S OB (WE YV NERED) 25
0, AlgEoBAN e EM 21 (Fig. 3A). YLk
HICHIET DA E X, WILh BEE cm~10% cmfz
Eo@Eny— hRkE2 LTS (Fig. 3A, B).

Fig. 2RV AR, BT bR E B T %2 D
HEEL—EL TW5 (Fig. 3B). fEEmOERERT
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rLEGEND
Arimine acidic volcanics (post-Tetori intrusive rocks)
Tetori (Jinzu) Group (Early Cretaceous fluvial deposits)
Late Jurassic (Oxfordian) shallow marine deposits—|
Arimine Formation (siltstone-dominated facies)

[:>-] Magawa Formation (gravel-sandstone-dominated facies)
Hida granitoids (pre-Middle Jurassic granitic rocks)

40 strike & dip of bedding planes \ Fault ¢’ Unconformity

Fig.1 Index and simplified geological maps showing
the Arimine area (southeastern Toyama Prefecture).
Modified after Kawai and Nozawa (1958), Takenami
and Maeda (1959), and Nozawa and Sakamoto (1960).

N60°E/49°STH 5. Wi ICiTEHEmE I3 L CTEE R
WLUEAICRIRZ T HEENFE L, £ O—ERILREREL
WTHREINTWS (Fig. 3B). %72, E&# mmiE
EDBRMY )V NEOWEENRDTED b, THHE I
LEEEROBEER L L THBEINIBEALD D
(Fig. 3C). WaEoIIEILR THEB~FEtar 212
S, HERES CIIERATH 5. BaBNICAEYIES)
FSR DHEREREE 1T S v Tua .,

Wia 8 O S EE IS IEEHE DA TH Y, o4
YRR o Ic B o RaMbiv L N aEEE S (Figs.
2, 30). RAEEZHERETER2VWbO0, HETMOE L
WK v N aOBEERD T MRS5S (Fig. 30).
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Fig.2 Columnar section of the studied sandstone bed
photographed in Fig. 3. This sandstone interval
exhibits Bouma T a-c -like succession, but its detail
lithofacies dose not correspond to the typical Bouma
unites. Scale bar is in lcm divisions.

WAEB T (289 cm) 1TEIKAR B2 kb a 0> 5 72
5., BARELTHRTH 20, KEOFHL X O EEE
YD —FRICRIARR 7 PATEE SR STV 5  (Figs.
2, 3C, D). HEEHEOITERIL, EHEEOZN X
Db REABETH VAT ERME L E LV (Fig. 3C). HEH
P TFEROEFRIE, Bouma Ta (Bouma, 1962) (ZXEH
T 5.

WABTH (B3 3cm) IEPATEHEOIE L 72k
DIEVIIRIDE TH YD, TEH OIS B EfkL T
% (Figs. 2, 3D, E). YMTEHIIAXKMEOHHTEHOD
THIRTH 0 G ~OEFM S BAFER, THRBIUL
R CIIRBARE T EReE b vy (Fig. 3D, E). XK
ETFERIC R B AT EE AR A A 0 D 72 B DS, K
HE T IR A & RIS (70 o v N RBATRLRD
EOSEJET 5 Z & CTHATEER 2R L T b (Fig. 3E).
FIOPATEEE N Z B RIREELEBHEL AN
% (Fig. 3D). 72720L, LRI L e HEHITHE X
i, BRIPEICRE Lz, REHPHONTEED
LW EFEIE, Bouma Th (Bouma, 1962) &4LE45.

WAEBO L (EE#1.5cm) (KR B oAk
ATHY, FEOPATER XD O M3 2 8k 72 X H
&, ZOEMOH VY R Yy IR 2R XH
N5 5 (Figs. 2, 3E). A EEHOMREITTEH O
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Fig.3 (previous page) Lithofacies of the sandstone bed intercalated with thick dark sandy siltstone of the Arimine
Formation. (A) Siltstone-dominant alternation of sandy siltstone and very fine- to fine-grained sandstones. The
sandstone beds are sheet-like geometry. (B) Sandstone interval for the columnar section shown in Fig. 2. Vertical
joints and an oblique carbonate vein are photographed within the sandstone. (C) Basal to lower parts of the
sandstone overlying bioturbated coarse siltstone. Massive fine-grained sandstone contains siltstone rip-up clasts
at the base and very faint parallel laminae at certain horizons. A remnant of a muddy clastic dike is on the outcrop
surface. (D) Parallel-laminated sandstone of the middle part. This part is characterized by distinct laminae
(alternating very fine- and silty very fine-grained sandstones) in the middle interval between obscurely laminated
lower and upper intervals of very fine-grained sandstone. Underlying lower massive sandstone also contains
indistinct parallel laminae at its upper horizon. (E) Middle to upper parts of the sandstone. This interval consists
of parallel-laminated, massive and current-ripple cross-laminated very fine-grained sandstones in ascending
order. The lower parallel laminae are sometimes laterally discontinuous. The lower laminated interval gradually
upwardly changes into the massive interval. The uppermost cross-laminae exhibit low-angle foresets. (F) Mottled
sandy medium siltstone overlying the sandstone bed. A slightly undulated, discontinuous very fine-grained
sandstone lamina is contained in the lower part of the siltstone. Scale bars indicate 50 cm (A), 5 cm (B), 2 ¢cm
(C, D) and 1 cm (E, F). Abbreviations: CBV, carbonate vein; CRX, current-ripple cross-lamination; DPL,
discontinuous parallel lamination; MCD, muddy clastic dike; MST, massive sandstone; OPL, obscure parallel-
lamination; RUC, rip-up clast; SAB, sandstone bed; SIV, studied interval, SLT, sandy siltstone; SUL, slightly
undulated lamina; UWD, upward direction; V'T], vertical joint.

FNEERY, PTEREODDHEBHREERNTND, WE X, R EMOK EE AR EORER C (HH & 130> Tz
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TR bR, EEOEEE X5 VAR 2T Bouma, A. H., 1962. Sedimentology of some Flysch
THY, RFMCRHRERTH L. EPiRIEE > T 5 Deposits: A Graphic  Approach to Facies
LoD, ABRREEEE IR b, WEEOK L Interpretation. 168p. Elsevier.
ERICIRR STl 2cEER# Y, Bouma Te (Bouma, 1962) Goto, M., Fujita, M., Hirasawa, S. and Sato, T.,
IR s, 2018. Late Jurassic ammonoid from the Arimine
ZOWERBIHEROME R BETRIT LV NETED Formation in the Arimine area, Toyama
5 (Figs. 2, 3F). PRIV MEBO FEICIE, X Prefecture, northern Central Japan. Bull. Toyama
PR TG M O BB MBRERI D A O R 3B 415 5 Sci. Mus., 42: 1-13.
AbdH5 (Fig. 3F). EiE KR, 20160 FBILREEREICHM T 2 FIEE
(Oxfordian FEHHE) D AIRCFABEE & HEREFHIC D
4. FL¥H WT (BILRISO By 2 7 RNIEREERE -5 1 #-).
BILRREEE (FlgEHE) OFRBFERITRNT, B B ILRHEFER, 40: 1-11.
Vo T RAMESE ITHAE T 5 — A OB OHEFERERE & F E BR, 2017. AigRE (Oxfordian FEHER) DOHEREHE
L7z, B, BEEESOERR RS (T, (BHREKD Y 2 7 RATHEERE- 1 H-
TEH ORGE LIRS (B L hY v ). BILEHE R, 41: 1-8.
NVRIAZHERR TR DT S AV SRR (356) 1TKHl E R, 2019, BV I RNGEEERAIEE (FiU
&h, FhEN Bouma Ta, To BEI VO Te 2Rt 4 — ) POEH L7z A =20 RRB 5 Fe G %
EX A MZFEET A, L, FTEO-—EHEICA LI b O BEE . B IILEHED R, 43: 77-85.
DR 72 ATIERSC, “Thc " KENICHIRE 2 8ede Z & IR - AIOREER] - BREREA, 2010, EILRICOHAET
5, ZOREBITIINA R Tac ¥ — XA NETH D % EHY 2 7 ~TFHMAERFRUEROWEMKRE & RE
LWV, Eeh Ly Ry TARIKIERN S, H JEBMEA . HVEZE, 116: S103-S121.
TEDALR D LTI~ 5 R AHEE S D, WA, 1955, BURAEXEOHE, FricFHRUEH O
EREEIC oW T, B, 61 343.
5. Bifz FEIESR - 8K % (Kawai, M. and Nozawa, T.),
BMERERTDICHIY, FILRAERE L HE 1958. 5 o 1 HERIE THSME) 3 L OFEHH
IR L O IR S I T E A B L T £ (Geological Map of Higashimozumi and Its
TWhIinTcicniz, E G EME /N AR OBITICHE L T Explanatory Text, Quadrangle Series, Scale

78



LY a7 RAEE (FLRMEE OERIZA LSRG

1:50,000), 76p. WEFAEFT (Geol. Surv. Japan).
(in Japanese with English summary)

HEEEAER - {EAKIER -« KiEE 5%, 2010, FAUFEPLH A
TeFRBEAERAER 22O HAMRAE R TS HICED E
TOUFENMEGERES, M, 116: S83-S101.

ATHEIPUER, 1961. FEERE OIS ZAHZE. THASCH
FOBE, 3: 369-426.

BIEHPURS - ®XEF 2, 1957. EILRETOTFIREROE
Fr & . HVEME, 63 273-288.

Matsukawa, M., Koarai, K., Fukui, M., Suzuki, K,
Ogawa, Y., Kikukawa, S., Kometani, M. and
Hamuro, T., 2008. A gigantic ammonite from
the Upper Jurassic Arimine Formation of the
Tetori Group, Japan. Bull. Tateyama Caldera
Sabo Mus., 9: 1-10.

FANIER - @HEART - IMNIERTT - HF 5 - /i
TN - RIEEAN -k BE—, 2014. FHIEREO AR
WA (WL - RIEE) OfEF O M & iEfE
BE GHTPR) ofRZE. HEME, 120: 147-164.

Nagata, M., Hayashi, Y., Sakashita, T., Kawagoe,

79

Y., Kouchi, Y. Hirasawa, S. Fujita, M.,
Yamamoto, K. and Otoh, S., 2018. When did
the deposition of the Tetori Group terminate?
Mem. Fukui Pref. Dinosaur Mus., 17: 9-26.
BR % - AR % (Nozawa, T. and Sakamoto, T.),
1960. 5 5o 1 HEME "HEA) B X OFEGR
PHE (Geological Map of Gohyakkoku and Its
Explanatory Text, Quadrangle Series, Scale
1 :50,000), pp. 25-33. WEFAEFT (Geol. Surv.
Japan). (in Japanese with English summary)
Sato, T. and Yamada, T., 2014. A new Oxfordian
(Late Jurassic) ammonite assemblage from the
(Tetori in the
Arimine Area, southeastern Toyama Prefecture,
northern Central Japan. Bull. Natl Mus. Nat.
Sci., Tokyo, Ser. C, 40: 21-55.
Takenami, K. and Maeda, S., 1959. Geology of the
with
special reference to the Tetori Group. Jour.
Coll. Art. Sci., Chiba Univ., 2: 309-320.

Arimine Formation Group)

Arimine District, Toyama Prefecture,





