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Large-scale tidal-flat deposits in the Middle Permian of the Akiyoshi Limestone, Southwest Japan
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Abstract

This paper deals with large-scale tidal-flat deposits and related
subaerial-exposure fabrics, which are developed in the Middle Permian
of the Akiyoshi Limestone distributed in the Kaerimizu area of the
northeastern part of the Akiyoshi Plateau, Yamaguchi Prefecture,
Southwest Japan. A number of outcrops (limestone pinnacles) that
exhibit typical facies of the tidal-flat deposits and underlying sand-
shoal deposits, and fabrics related with subaerial exposure and sequence
boundary, in the study area are also described and illustrated. The tidal-
flat deposits studied herein are approximately 38 m thick and consist
mainly of lime-mudstone and dolo-mudstone with a minor amount of
bioclastic packstone/grainstone, which is sometimes associated with
oncoids. They are bounded by two unconformities showing marked sea-
level lowstands (sequence boundaries) and can be further subdivided
into four sub-units based on conspicuous stratigraphic intervals with
the evidence of strong evaporation, desiccation, and dolomitization
(precipitation of sedimentary dolomite, brecciation of bottom sediments,
and formation of fissures) within them. These intervals represent minor
sea-level drops and may imply resultant short-term emergence of a tidal-
flat zone. Fusuline fossils from interbedded bioclastic limestones within
the tidal-flat facies, which show a more open-marine condition, suggest
that these deposits were formed during the middle Kubergandian to
the earliest Murgabian in the Middle Permian. Thus, a relatively long-
term continuous slow transgression and intervening minor sea-level
fluctuations during the early part of the Middle Permian contributed
for the accumulation of these tidal-flat deposits. The minor fluctuation
would reflect higher-order sea-level cycles having a several hundred-k.y.
cyclicity. The formation of the two marked unconformities above and
below the tidal-flat deposits would directly reflect global eustatic sea-
level lowstands. That of the unconformity-bounded, relatively thick
tidal-flat deposits themselves, spanning over two stages in the Middle
Permian, could also be mainly affected by a gradual eustatic rise with a
minor influence from the steady-step thermal subsidence of the Akiyoshi
seamount and/or underlying oceanic plate.

Key words: Akiyoshi Limestone, tidal-flat deposits, Middle Permian, sea-
level change, sequence boundary, subaerial exposure.
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Fig. 1. Index maps showing study area in Akiyoshi Limestone, Southwest Japan. (A) Simplified geological map of Akiyoshi
Plateau and surrounding region and location of Kaerimizu area. (B) Index map of study area (rectangle) in Kaerimizu of
northeastern part of Akiyoshi Plateau. Base map is from 1:25,000 scale topographic map “Akiyoshidai-hokubu” published by

Geospatial Information Authority of Japan.
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Fig. 2. Overview of study area. Eastward view, looking down from Akiyoshi-dai Karst Road. Red circle denotes
drilling site of Kaerimizu Boring No. 1.
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Fig. 3. Distributions of limestone outcrops (pinnacles or “lapies”) in study area, with indications of dips and strikes of strata. A to
M indicate locations of outcrops described and illustrated in text.
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Fig. 4. Geologic log, unit subdivisions, and age of tidal-flat deposits and underlying and overlying strata in study area. A to M
on left denote stratigraphic levels of outcrops described and illustrated in text. gst.: grainstone, pst.: packstone, wst.: wackestone,
mst.: mudstone, rst.: rudstone, bst.: boundstone, biocl.: bioclastic.
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Fig. 5. Outcrop photographs showing characteristic features of tidal-flat deposits (Unit II) and underlying sand-shoal deposits
(Unit I) described in this study. (1) Oolitic bioclastic grainstone with trough cross-stratification in Unit I: Loc. A. Red square
corresponds to frame of Fig. 5.2. (2) Close-up view of trough cross-stratified oolitic bioclastic grainstone in Unit I illustrated
on Fig. 5.1. (3) Irregular-shaped solution cavities and infilling dolo-mudstone (white part) and lime-mudstone/dolomitic lime-
mudstone (light-gray part) within bioclastic grainstone (gray part) seen in Unit I: Loc. B. Cavity-infilling fine-grained carbonates
are highly probably derived from overlying Unit II. (4) Close-up view of part of outcrop illustrated on Fig. 5.3. Note that
bioclastic grainstone (upper, gray part) constituting major portion of Unit I and dolo-mudstone (lower, white part), which later
infilled solution cavity, exhibit an irregular contact surface. (5) Bioclastic grainstone (gray part) with a solution cavity in Unit I, and
infilling dolo-mudstone (whitish part) and yellowish brown, fine calcareous sediments containing paleosols: Loc. B. Note that fine
calcareous sediments have a characteristic color of probably pedogenic origin. Dolo-mudstone is partly brecciated and occurs within
yellowish brown, fine calcareous sediments (lower left of this photograph). (6) Gastropod-ostracode wackestone in Unit II-1: Loc. C.
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Fig. 6. Outcrop photographs showing characteristic features of tidal-flat deposits (Unit II) described in this study. (1) Dolo-
mudstone with flat pebbles in Unit II-1: Loc. D. Flat pebbles are aligned almost parallel to bedding. (2) Alternations of thinly
laminated dolomitic lime-mudstone (with relatively dark color-tone) and dolo-mudstone (with light color-tone) in Unit I1-2: Loc.
E. (3) Dolo-mudstone (whitish part) with brecciated lime-mudstone (gray part) in Unit II-2: Loc. E. (4) Dolo-mudstone with thin
but marked dolo-mudstone layers (white part) in lower part of Unit II-3: Loc. F. Crust-like thin layers consisting of dolo-mudstone
are partly fragmented by fluid deformation of lime-mudstone. (5) An irregular, network-shaped fissure in lime-mudstone (dark-
gray part) in lower part of Unit II-3: Loc. F. Fissure is filled with dolo-mudstone and dolomitic lime-mudstone (both whitish
and light-gray parts) containing fragments of crust-like thin dolo-mudstone layers, which are similar to those illustrated on Fig.
5.4. (6) Outcrop of laminated lime-mudstone (with dark color-tone) and dolo-mudstone/dolomitic lime-mudstone (with light
color-tone) in lower part of Unit II-3: Loc. F. Upper part of this outcrop (thus stratigraphically lower due to overturn of strata) is
composed mainly of massive lime-mudstone, whereas its lower tends to be more dolomitic, thus implying upward-increase of
evaporation, desiccation, and resultant dolomitization.
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i, 2=y FI -3 FMOP T Lo E#H
Fo~<A MEH» WK 2232 L, lime-mudstone &
dolo-mudstone & 25HI 2> < # D RFT X HICh % (FHE
F:Fig 66). €L T, EfiiZma»wvraxA by

(dolo-mudstone # % \*i% dolomitic lime-mudstone) @
BUE DR 2 NS 5.

— 2=y FI - 3D LIMISMTIE L YHER M
<A FEHERY O E A LB SN, 22
TlE, AL L 72 lime-mudstone % % t» dolo-mudstone

(BUGELH: Figs. 71, 72) ., L0P iz d
- 7z dolo-mudstone & lime-mudstone 285K i % £ 3 %
lime-mudstone H1{Z 4 v b7 —Z K12, —#ITEHA IS
o CTEMBEZFTET L L) ICHMTARTHELETES

(BWH:Figs. 7274). CORBREDIZI4 MVE (R0
4 R ?) R ORI, IR 2 (fenestrae)
NHELNLDHDLDHA. lime-mudstone 1 EB55AY 12 H
EoicEt, 2=y PI-30REHLIZSA b
EHERE W DS TAR T D 5 25, FH50 191213 MR bioclastic
grainstone b 2% N 4. 2 @ ¥ @ lime-mudstone
WX ARHE 22 2%y F 4K 2 29 % dolo-mudstone & % \»
1 dolomitic lime-mudstone 253§ 3# L T\ % (# UHI :
Fig. 75). Z® ) % dolomitic lime-mudstone ® 41121,
LIZLIE & Y m# o % v dolo-mudstone D fAEED & %
5 (FIEI: Fig. 76). F7-Z ®OJ@# o lime-mudstone
121, FexAf MEEMEEICREINS DL (B
GHI : Fig. 7.7).

ZOLMo1r=y P - 41FWI75mDBHED L &
D, FTRHOMHIZ2MmIZI 7 F4 MEERYA TR TH 5.
ZZTi BEH3mOEST, BlOETELR LY
IR At & 1 Pkt o JE IR lime-mudstone % BF B 72 5l 7L Jg %

_9_

LT\ (FHE] - Fig. 81). ZO—EICi3EW#E
BARO 5N S (Fig 810 FHoHs). 2=v M1
— 4 F # @ lime-mudstone (& 48 # 12 12HLAE £ W 12
ZLwaAs, gl Bk T, AKE (B
5L AY 7 VRO RIKER) A% 4 L 72 bioclastic
wackestone/packstone DHEP R ENDL Z L 23D 5 (F
JH] & L : Figs. 82, 84). F/-—#icixru~4 g
MEET S (BUHK : Fig. 83).

2=y M -4 EHOKSmIE, TMHOKH 2mTid
F ¥ a4 RAFEIZ A S5 bioclastic grainstone (—
IR 5 < packstone) 2S5 AT 5. T OHEREWIZIZ,
RURAER & L TR KRBl 7 XY FsgInsg. —
Fw PRI RBIREEL I 7 74 NEARHERY

(lime-mudstone) AYER & 722 1), dolo-mudstone & &
5N 5. dolo-mudstone {2 1% lime-mudstone @ £ B % &
LbobHsb 2=y Pl -4LZofioz=y M
3O TABA L EREE b OBATHELTBY, 2=
NI ORI A TEAr — V= M1 - 4 2T
BRI —EBE B IAA TV AFIHETE S (HHE
M : Figs. 85, 86).
22 IR 2=y I, KPEPWES A XOEMY
WCZLWwIZ 4 NEAMRM DS %5 (Fig 4). Mk
ZH T3, dolo-mudstone H1 12 & & 41 % lime-mudstone
A1, H % \idlime-mudstone H127% y FIRITHET S
dolomitic lime-mudstone H'® dolo-mudstone 7 # % [ <
LA v. ZO0, BRRPWTOEEEZH T VT %
WIKZ ANV F—BRET TR SNHERW TH L Z LA
ZxoNhd. —J, HECHIENSL Fu~ A MEHERD
&, IR B LA T, BB LR E LB
G 8 b (Nakazawa and Ueno, 2004). il 3t
WA ORIROZERESG (fenestrae) b F 7z, 4
IR # AT IR 2 Z eSS Tw b (Fligel,
2004). % 7z dolo-mudstone, lime-mudstone O 4 # <>
FHEIL, 2RI X AR BT & B RE OB
LY EEENZZbDLEEZ DI EHTES (Henrich,
1984). ThHoZehsn, 2=y PIOFEKRELT
794 NEHEREY e Fa~ A MNEHERWE, RETEBR
B CHERE L7-HEREM E A T2 &N TE D, TNHOH
IREARCHERE 121X, BEH, BH, AIKEXRTCE
ENDOMRT, WEORBHRAKE & KL TAYHO
ZREVEDZE L AR, HRIC, TR BRE TR AL
I EAEALNZW. ZOZ &L, FOHREEREEDN
KRR ZALDT L\, XML RAICELRETH 72
CEERBTLY, Thidasy VIoOFAKELETIY
T4 MNEHEREY & TEEIR & 3 2R E TR T 5.

=y FPITIZLIELIEA SN S lime-mudstone &
dolo-mudstone ® H J&# (f] 2. 1E, #EE : Fig. 6.2,
F : Fig. 6.6, #UAI: Fig. 7.7) &, THEHEEIIHBWTH
BICHDBRENDZERETFDEH S22 LE2RT. 2=
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Fig. 7. Outcrop photographs showing characteristic features of tidal-flat deposits (Unit II) described in this study. (1) Lime-
mudstone breccias (gray part) and surrounding dolo-mudstone (white part) in a small pocket formed within lime-mudstone in
upper part of Unit II-3: Loc. G. (2) Lime-mudstone breccias with a dolo-mudstone matrix in upper part of Unit 1I-3: Loc. H. Red
rectangle corresponds to frame of Fig. 7.3. (3) Enlargement of upper-right part of outcrop illustrated on Fig. 7.2. Here, sediments
having lighter color-tone than lime-mudstone of surrounding host carbonates are seen in network-shaped, partly layer-parallel,
voids. Red rectangle corresponds to frame of Fig. 7.4. (4) Close-up view of red-rectangle portion on Fig. 7.3, showing infilling
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vy I-2, I-3, BIXUOI-40ZnhZhowl
AT 3 D lime-mudstone F1HZFED BB AEHI 228 F
IR dolo-mudstone @ % V1% dolomitic lime-mudstone (f1
Z1E, #UET : Fig. 65%°#%&UE] : Figs. 75, 7.6) &, T
XD AELZE Fa~ A MR AR IC 7
WL72bDTHA9. T2, lime-mudstone TP T h
%, HIEHRRBH, HIKE R EORB AW 2EEL -
bioclastic wackestone/packstone D g (] 21X, #FE5d
] : Fig. 82X #%UH L : Fig. 84) &, RETH I
U280 =205 7R L IRTE 5.

— 7 Lo T EHER WL, T8 % A 12 bioclastic
grainstone (— 1} T i bioclastic wackestone/packstone
& A \WiZoncoidal rudstone) 2¥eFhTwb (Fig. 4).
ISR, MERTELTY I, 7R
>, ANEEILH, AIKER Y, EERAIKE TR
AOND AV % & A, KRB GBI T F A £ 2
YEDEEL TS, 2o, BENZmEilBi b
b0bHbH PFlzE, 2= b1 - 1HED bioclastic
grainstone). 07z, LaoME AW NEEL -
# > bioclastic wackestone/packstone ® X 9 7z, T BR
BICHA LA =R L 13EZ v LA T
WD XD EI AT —RHENEWREREZ O b 028
TALLzEEZ N5, FOWMERELE LT, kD
Pl D Bl E O A R (— B S IR )
WRENEZ NS,

2=y PIOKEFFICEEHR 7 — VORI
WEN, 2232y FIOHBEM THREIRLTW
% (Figs. 85, 86). Z®ZEix, 2=y Ik LEHFD
lime-mudstone & dolo-mudstone % Hll § jAZe & 5 122 <
LbNTWA. Lo T, ZhEa=y + ToOTEHER
WIEHt%, ZNANEKEEDBIZE ZRAUTIC X D B L& %
BDHZ TR SN, MR ABRERBEEZNTH S
LEZDLONRDEYTH 5.

3. 1=y I

31 EMER® = ML, BIRLHEATIIEE
3~4mTHh AP, RIS S LA F T
Twb., =y FIIZIZ 3RO GHIBIGTE L. L
=y PIWERSNAEZBROTE (72720, HEINH
L CTWA o RMT R ER) & ko vk
HIKL bioclastic grainstone TS 5N T3 (Fig. 86D

NBICOEG). 2B B (Fig. 86D JLEID O#45)
BLUOZD 150 ~ 60cm D@ HEIZ ALY & & Gk O
K5 (5 < bioclastic grainstone/packstone) 753 fk
L BB, ERABINTA/INEIRL 7 0 IR R AR 28 H AR L
HeREW) %2 A5 L C VAT HARM CTHETE 5.
Zo M, BLHBEINZT7 XY F (Parafusulina
kaerimizensis) M % T 5 Ik O B \W»IK A @ fusuline
rudstone & 72 5.
3.2 R = MK AV 2 &4, EWHRA
AV PDORSFEELZAIR GNP O RHZ Enb,
RIGIIEH T A LI o R AV ¥ —EiERIERY T H
0, WML X MR HEE S G, 72721,
FIRE W X %8523 5 11 5 bioclastic grainstone/
packstoneld, N5 X D HETKEDOHE Y, R
MK oMY CTH LW HEMENH 5. % BUeno
(1996) 2 & % &, Parafusulina kaerimizensis 5% W
9 4 fusuline rudstone (Wb b7 X ) FHIKE) &
Parafusulina kaerimizensisiis DINEWN L AGMD 1 ST
5. Ueno (1996) TlXZ oL O REE % #15m &
LTWwWb®OT, = hIDfusuline rudstone (213
ENAHEREYIE, S 51210miEvEEL O gl
bdH 5.

TRHEBEYDER

S OWFEIZT AN BT 5 BHEHBIZE DO A FED W TT
bihiz7:0, Eltao#E, FICERZHVWTDT7 X
VFOFELVREHI T TRy, L2 Liads, %o
PORFHETIZT ) F DKWL T 5720, BHERN
TIR)FHPBETEXLIENDHDH. ToHIZIE, &,
HHVIFHEL XV TORENTRRZ DD D ALN. £
72, AHIE TIEEEIC Ueno (1991) 12 & 0 4ERLEICAH
e 7 AN FUEREESRTWE, 22T}, hbol
MOT—=% LSRN EONTT—F %2 LI,
TEAERED B X OZFonik oMY OER 2 E§ 4.
Fig. 41T L727 X)) F & 2 DfgiE % R

Fig. 30 BBHBOIMIOM A EIcBE N TS 2=v I I
T8 @ bioclastic grainstone 2 5 1%, Misellina claudiae
WS S M@ REZ 7 X)) F 253890 H 1172, Ueno(1996)
X M. claudiae ® 5F AR % 1 W] <V 2 #0 # W] @ Bolorian

() B EE 27288, 2 DOJEHED Maklaya D FE 1 g

features of dolo-mudstone (white part) and lime-mudstone (light-gray part) within layer-parallel voids. In general, their lower
parts (thus apparently upside due to complete overturn of strata) tend to be filled with dolomitic sediments, whereas light-toned
lime-mudstone (lighter in color tone than surrounding lime-mudstone of host carbonates) is dominant in their upper portions.
See also Fig. 7.3. (5) Dolomitic sediments [dolo-mudstone (whitish part in upper middle) and dolomitic lime-mudstone (light-
gray part in lower left) with dolo-mudstone clasts (white spots in dolomitic lime-mudstone)] infilling an irregular-shaped fissure
formed in laminated lime-mudstone (dark-gray part) in upper part of Unit II-3: Loc. 1. (6) Close-up view of part of outcrop
illustrated on Fig. 7.5. Various-sized dolo-mudstone breccias (white clasts) are scattered within dolomitic lime-mudstone (light-
gray part). (7) Lime-mudstone with frequent intercalations of thin dolo-mudstone layers (slightly projected on this surface due to
their resistibility against weathering) in upper part of Unit II-3: Loc. L.
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Fig. 8. Outcrop photographs and a related outcrop sketch showing characteristic features of tidal-flat deposits (Unit II), overlying
shallow-marine sediments (Unit III), and their unconformable contact described in this study. (1) Laminated tidal mudstone
consisting of two types of lime-mudstones with different color-tones in lower part of Unit II-4: Loc. J. Despite their unlike
color-tone, there observes little difference in grain size between two lime-mudstones. In lower part of this outcrop (namely
stratigraphically upper part due to overturn of strata), lamination is laterally discrete due to bioturbation. (2) Close-up view of
part of outcrop illustrated on Fig. 8.1, showing a thin bed (approximately 3.5 cm thick) of bioclastic wackestone consisting of
dasycladacean algae, worm-tubes, small gastropods, and others. This kind of bioclast-rich layers within a tidal-mud facies is
possibly interpreted as storm-lag deposits. (3) A thin but prominent layer of dolo-mudstone within massive lime-mudstone in
lower part of Unit II-4: Loc. K. These dolo-mudstone bands are helpful to measure attitude of bedding exactly within limestone
of mostly massive occurrence. (4) Close-up view of bioclastic packstone dominated by shells in lower part of Unit II-4: Loc. L.
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DEFT TN THLILEEETZE, P~ LHEHTD]
@ Kubergandian ik Bl O W REHE LR S Tw b, i
ncE X, Rifgen=v b I OERE L Cidar— i
NV LARBERELE LCIRIZRE®EN WS,

Ueno (1991) &, J& v KdAt7J5 ® NS159% & Maklaya
saraburiensis, Armenina salgiricas it L 72. T O
WE AT EOZBEDOLKY Tmilhb, FiHEL
LTidz=y bI - 1HEHD, #2mOBEEZ S OM
#i bioclastic grainstone #1439 % (Fig. 4). Z O H
MOAKRAHERTIZIE, SHOBARATE/NEO
Maklaya & bbb 7 ) F 2R T & 72, Maklaya
saraburiensis ® 4 A ¥ Kubergandian® @ & # 2 &
b (Ueno, 1996). & S I24Ho#AETIE, Ao
Maklaya b Z 2 5N57 X)) FH, 2=y M - 2Dk
FEMETH D b7z (Fig 4). B9 A4 AHh 635 &,
D7 AR F b M. saraburiensis DV REVEDSE .

Ueno (1991) 1%, _E & NSI159® B £40m £} 3T 12 A
&3 % NS173%* & Maklaya pamirica’® & L7z, 2O
HTIZDOWTIEFig 304 CIEM AR E2IFE T %
o 725, KIG M % A0 iE 2 H A 2 FR 0 S HIT 9 5
L, BSL 2=y M - 3O EEATIZA S Dk
bioclastic grainstone ®JE# (Fig. 4) ZIFITMHYT 5 b
DEEz NS, Ueno (1996) I2X 5B &, M. pamirica
138 Kubergandian %779,

2=y I OTEREBYEEMRNITT X F O
WD TZLwb oo, BIHIBWTHIRTESIC
MATELZRMOT7 ) FBRHEMOT M oH
JRAEHEmICBETE ZoEEZa=y P-4
L#8», a4 K% &% 9 bioclastic grainstone
ICH M3 % (Fig 4). 2 27 5idUeno (1991) 12 &
) Neoschwagerina simplex S5 SN TwW5b. ZOFE
E i b RG22 Neoschwagerina® 1 2 TH 1) (H 2
i, Ozawa, 1970), € D FAUZ I~V 24
Murgabian (#) Wil & # 2 571 5 (Ueno, 1996).
B, W UMM A» S X R IEOta (2005) 25 Maklaya
akiyoshiensis % Hifi & L Citi#k, MEL, Z0HEMNZE
Kubergandian & L7z, L2 L4&ad55, BRI
TWAREARIZIE, Ozawa (1927) 12 & 5 I BRI IRIA
JK 25 D N. simplex DEENEEAR, & 5 13 Kobayashi

(1988) , Ueno (1991) 12X 0 N. simplex\ZIRE
TN AIKE» S DERICASNS L DL [FH

L, BB TIEH 5D Oo0MEFEEE (axial septula) 2%
BoOLND L, ZomY A4 X EE D Maklaya X ) K&
W, FD78, LT O Maklaya 550 b L AN
1514 72 Neoschwagerina\Z & & % D324 THh 5. Ota
(2005) DFREHRME M A Ueno (1991) & (FIZH U

D AKEA R —1) ¥ 7 No. 1 HHI#E 0T S (RIFZED
TIHMOF AL THY, ZoOMFETIEFRMERT XY
FEEGELAKEZEPICETHA LI L 2E 2 bt
% &, Ota (2005) 2 & % M. akivoshiensis D FEWE 13 3%
FEIZHED S REEA K, 2 OEEARIIN. simplex |21
EEINDLLDEHHTE D,

=y FI oMK ERY ERKOAIKRE D> LI
Parafusulina kaerimizensish % W3 5. Z+ O EMR I
Murgabian Hi#l & % 2 5% (Ueno, 1996).

ZDXHIZ, 7RV FIZEBEMGRIHEOC L, SN
et L7z TR MR i d B i~V 2 omi P E O b
DTHY, 2=v FI-1&,T - 2»Kubergandian H
W, I - 3»% ¥ Kubergandian, 2= b1 — 4 2%
A Murgabian 2 Z N ZEhatbcE %5 (Fig. 4). &5
12, blLx=v b I OFERHREL Bolorian T 2 %56
i, 2=y bl éz=y PIOMIZIZARL L SR
Kubergandian % K < #EREFIBR (N4 =4 ¥ R) HAFAE
THI LIRS,

£ =

CITIE, MR OREB L O omENE L) S
FRBEOLBL i KELB ZHEET 5. F 72 Z OUERE
&b L2, ShHET 2 TRIERD L ZOHIRZICAS
NLZBBEOREVEE LBEHOENITONTHELET 5.

=y M OHERWIX, EAE%E Tbioclastic
grainstone, oolitic bioclastic grainstone F-4& i I HEFE
WThh, FIIFFELBEBICEDIBK S Nz E 2N
L, ENEHET A2y M THROUEREDASA SN D,
—Hx=y FIOFERE, I7 T4 NEHEWAERT
DT EMHERTH D, SN B & HERA R
kI3 Nakazawa and Ueno (2004) %2 FL 1113 %> (2008)
THH|EEINTHBY, &2 TR & T E A
B OBERE, — RISy —F7 v ABR L AR SN LM
BHITHDLZEPMOLNT VS, SRIOFETITL= v

Pl =y PIOERELRTREIIMEECTELho7
A, ML=y N OMBYORHA L=y b T DR

Shells are probably mostly of ostracodes and generally disarticulated but less fragmented. Like as bioclast-rich layer illustrated on
Fig. 8.2, this shell-swarmed layer would also represent a storm-lag sheet. (5) Outcrop showing sequence boundary (unconformity)
between Unit II and Unit III: Loc. M. Upper half of this outcrop and some of its lower part consist of tidal-flat facies sediments
[lime-mudstone (but partly bioclastic wackestone) and dolo-mudstone]. A horizontal large cavity (central part of this outcrop)
is filled with bioclastic sediments of Unit III. Unit boundary is highly irregular and thus provides evidence of dissolution in
uppermost part of Unit II before accumulation of bioclastic limestone in Unit III. See also Fig. 8.6 for comparison. (6) Sketch of
outcrop illustrated on Fig. 8.5. A: lime-mudstone (partly bioclastic wackestone), B: dolo-mudstone, C: fine bioclastic grainstone,
D: bioclastic grainstone/packstone with small-scale bindings by calcareous sponges. A and B are sediments of Unit II, whereas C

and D are those of Unit III.



WZHIR O KR & KL & AV A MEDSEZ -
T ENEILTED., ZOEKERKTORME LT,
A~V 248 i o Kubergandian #x i i 66 o 0] g 23
b RE.

=y bW Z 4 VEMERWFEMRT, Fe<Aq
b A S Pt Bk X 9IS, UM T L
Foa< A MERY O & lime-mudstone D iRV AL
BRI > Twb (Fig. 4). 20 X9 G TR IR
BEORELTHE D22 EEZ LR, —#IZIE
SN 22 K BEAR T 25 & o 2 W REE S E ». — T,
INnSoTEMERYICHREN, 7X)F, vI), 4O
JR#EZ &, BEOW THERRIC RN AW Z R
bioclastic grainstone (—#Rid bioclastic packstone) 72,
BTy FTHEOOLNL. AR TE BB
5P THRIRMICHIT % Z 0 X 9 7 open-marine i1
&, HERKIEODT IR (FLT—HNE) EAZ2WES
bOTHL. ZENBT7A)HbALL, 2=y PITIF
Kubergandian Hg 2 5 Murgabian i Hi i 12 21 TR
ENZDHDOTHL. 2070, ZOTEHERDIL, T
AV LHHEFED 2008 (age) CF 7oA 5, HEE
W72 B4R 2 T K e L AARR IO W 22 L 72
AR ZER 2, HEFREICIAR S 2 X ) ICHER L2 0T
HoEFERIOTOND, LarLiedrs, TEIERY I
FE D EaF 2R S, WA IZ open-marine B
B2 R T IR WIER S E hCwa 2 e h s, #%
18 2 RAE A O X /B R KD R B
OAFN TN EIENEING. 0L H, 1=
vy hI - 1H562=y M -3 EEICFRET L HE
o< A MEREYWOREIEIZIX, Z)AI VIV, <
truarFay s, HHEED, Ik L&D
NG e SR, MfkiZEo o nwdb oo,
INLOREIEDD LS OIAREET (¥ —47 ¥ A5H)
R TUREEDEETE R

—hHL=y M -4DLE, Thbbr=y MIOK
FEBICOBEE  Fu~ A4 P TR R SIEEL, €2
W FFRBOZEIRD 5N, ZOZERITLI=y k
DIOHFEWEY AL XD ITEEL, AW r F4hET2
2=y P IOERBEHRIERYICLVEBEINLTVL729

(Figs. 85, 86), 2= b DHERERICTER I N iaa27E
HTHsbZERIHATHL. LdoT, 2=y b Lk
2=y FIOBERIZZ= Y b 1T ORI HAKEDILT
WX DB ENTAEETH, $hbby—7ry A%R%E
9. COWBEREKETIE, miEO 7 X FERD
5~V 24 @ Murgabian Bi il ICHE 2 o 72 2 & 3%
ZAbNb.

ko X9z, S Lzl &k ) Kb o
JE v T E R WX, &S5 < Kubergandian i 8 #] &
Murgabian B IZ T84 L 72 HBE O K & v 2 B o KK
W E N O B, KRR O 5 2 K

e PRI I N D TH L. ZOIRERIGEL L O
TR 2 M Z M Kubergandian & Murgabian @ H12
5720, TIRHERWIZLHAE R S N7HiR 1 2 %,
BEITAERBEFRICEH ) B THENTWSE 2 EBL WD
BT — 2 25 LIZIEMICHED 2 2 L3R LTH
BT, TRV AR TR, FERBEX SO
I L SN TR ILRPRILTOREX S (Wardlaw
et al, 2004) &, FF A - XU H T v HIET—HICH
WHENTWAZN (Leven, 1980) & dxflbick & %[
DD LD IN TS (121X, Henderson et
al, 1999 ; Leven, 2001 ; Henderson and Mei, 2003).
DX LekkAc G EEIFR SN TIZIVWS D OO, Wardlaw
et al. (2004) % Menning et al. (2006) TR S N7z Hil
FERZE D LSO TEHERY DTN IO CTHEE
LCTHhBE, THIIRELALEMIYDELTAHRCLD
HHEDOF—F—=ThY, B5 1320007 FEFE W
ThHolol B EZLNDL. THEMYOFRIZIE, B
— R = KIS b Maklaya saraburiensis, M. pamirica,
Neoschwagerina simplex DAL HIR CEFR S N7
L3207 X)) FHEBEDPMHERTE 5705 20074
MEEV) BEL VIZZ DX ) LB A —L &
LFE LRV, L722-TC, 2=y FIIZALND, X
D HEO/N S Wil KEEENL, RS ST HEDTOR
WMEDO L) EROUWKELT Z KWL 72D THH .

FIMZH (2008) 1%, B Alke & F UGS 12070
T B8 Z y PRI AR S OFEAKC G P S, i)
NV AAOFPEITRK S N TEMEREY &, FOE I
FETHAEM (Y —4 v ABR) 2HE L. Hilk
AR O T RUERYIZEIEDS 1 m W72 2B 22 b
DTH DD, ZO FAAZIERIE Y WKL 5T O &5
WO &% 2 5N HBEMAIKERS L, €I
FEOECHERZHEAALND. T2, TEIERYICE
% ABEAIREICIE, AR =y PIIZALNS B
® & 6 U Parafusulina kaerimizensis D3 5. F D7z
O, TRWERFRYEERO Y —7 v ABROFMAUL, Sh
WETHHEDD D LIZIZF L TH LW R V. 2
DT E LY, FAKEHBARNVLRO Y —r v AR
ETEMERWIZ, SHoKEARIKGICBITS22=y M
L=y PIDOBOY—7 AR, Bl 2=y 1
DT EHEED O—TBIZEN TN ELTE L DEEZ D
n5s.

COLO %, TRMBEWIIHOAESE (—7 YA
B RIS A MBI O K & i KBTI, 7
U= N7 — 2% ¥ —iifKEDE & 2 EHE L 721
DThbH. —J, TRHER B S % IH L 7z i ]
DEVER P KM LA, I E Eh e il
7TV — N OB BN L b T b5
TW720hd LZzwas, Hi~0V 2% Kubergandian-
Murgabian 23Fk 35 # LU B £ BE 12700077 4530 < a8 L
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R THEI 2 EZ DL, AR Sh-TEIERY
T (20007 4EF28) TOF XN 5L (Parsons
and Sclater, 1977 ; Nakazawa and Ueno, 2009) (X, =
ORIEOHR 2D D HTIFEITITKREL RV, L
Ao T, SRRE L TRHEEY OB S, BEO/NS
BEE LD L) - R Y T —iKEOREE R AR
KL T2 REED .

¥ & O

ARWFFETIE, R AKE PRV 2RI RBIEI 5%
T 5T ERHEY 2 MET L7z, TR, DIToE2H 5
T o7z.

1. HEREAHOE#Z D L2, HEIBOKE HIK S %
3o0upMr=y F (Z=vy FI~2=v M) I
X4rL7:. 2=v 1 &=y bIZHK bioclastic
grainstone 2° b 7 A WERMEEYM TH Y, =y P IX
3794 MEABLUFu A MEMRHERDICE T
WY TH 5.

2. 2=y M IOTEEFRDIIHBmOEEL >, £
g, HEMBEORE 2 THEARTEEZONS,
R P~ A MR O, 7 74 NEHEE
Mo WAL, B L OHRBOTENRD LD i
b LI, SHIT4o0 Ty MIGITHNS.
HTL=y M EETLINSORHETIE, —FER 4R
KEDITANE Z o 72w REE D . — & 72 =
v MZIE, WKEODL TN, L TR LA
XD SNz, WKROTED B\ FEE T R %
7R Rk grainstone (—¥#Rid bioclastic packstone) 2%
BInsg.
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