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On the penecontemporaneous deformation structures of the Sinri
area at the mid western boundary of the Jinan Basin
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Abstract : In the Sinri area located at the mid western boundary of the Jinan basin, the Manduksan Formation which mainly
consists of coarse sandstone narrowly intercalated with shale and the alternation of sand and shale and the Dalgil Formation
mainly of shale are distributed. It consists of four lithofacies, such as coarse sandstone, interbedded sandstone/shale, shale and
volcanic rock lithofacies. All sediments are interpreted to be deposited by turbidity currents and free fallouts in a lacustrine
basin. In these rocks many penecontemporaneous defomation structures are observed such as fold and thrust fault at large scale,
and swelling, boudin structure, flame structure, load structure, ptygmatic fold and convolute bedding at small scale. All these
structures are developed between upper and lower undisturbed sedimentary strata. Two large folds are similar folds, but lower
one gradually developed into concentric shape. The swelling structures by convergence of the sediments are observed in the
hinge area and the boudin structures are developed in the limb. The thrust faults including minor folds and sandstone lobes
show duplex structure with asymmetric and kink fold on and below in front of the detached sandstone layer. Development of
the swellings, boudins and lobes indicates the flexbility of the sediments during deformational episodes. The folds and thrust
faults rarely contain fractures relative their scales and lithologies. This feature also indicates the retrievability of sediments
during deformation. At the flanks of the thrust faults the normal faults are formed contemporaneously. The deformation
structures at small scale such as flame structures, load structures, ptygmatic folds and convolute beddings are syndepositional
and penecontemporaneous, which show the effects of tectonic movements. All these deformed sedimentary structures of the
Sinri area suggest the continuing tectonic movements during and/or after deposition.
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Fig. 1. Geologic, location and route map of Sinri area. Rectangular with heavy line in the geologic map is the route map area.

(1969), A71% (1985), AL (1981), Gwag (1990 old¢d
(1992) To] Yo} o} o Z& d77} "asdi) o] FgHEA
o A B Az Qo= HEYY Wy TR} go) 32w
o} o] Bt HAg HHEES 1A WIFRI e
ofl Al7let B 232 2F Al7igke] Al #s) AdHEe
Ho| o] AFe] EAHolr}

UK E

kA= Aol °F 32 km, YY) <F 18 kmZA] WHFe] <
580 km®Q! HACIEIE e EAZ §4 HIEZ 749 2
Stzoz YA vt (Shimamura, 1925; EXF, 1969; 7|
Z, 1985, BAR, 1981; Gwag, 1990; ©]¥9¥H, 1992). Ak
& mlojit QY% TS, @4, eSS B A 3
aeto s AR, SSe FEYOE Bout oRjdixe &
A A ojFe| FREF 98 dEuyt IEFED AT XY
2 ZIRA] Mol Fobo) Y&, £ HA PA =HA
At ARHAY 3F 02 olRojRl mHEEd Ade] $AE
gzlzo] BEFt (2¥ 1). Shimamura (1925) IQHEX]o])
Y B2 HEEE 39530 o] Y vlolit wet @E, 99
o FFE)eR FESAL. e ZAES SEEREY wgit
%, B2%, ATrESLE 7EIIHen, o)t guse 7S
S AT e dgoz FAAE Al v AFo=E FiAdst
Aok o 9] (1966)9F Reedman®} Um (1975)2 z}z}h
1:50,000 2F XAE % Hdgr) ‘g5 XA (The Geology of
Korea)’ oA XI¥E-S +43= =0 S AN U4 &
g ZHA] el By “Z%EFE (Jinan Group)” 22 7|A
M) ©l9E (1992)2 AFEE R 24 & &, wELt

. ens Reedman
xgary | Shimamura 196y | 20 Un ‘VUF (1861 *17& (1992)
(1829) (1978)
LI R = Ak ZX siarel
N A
~~~~~ : I
o & ol
M 21 T | we aee
¥ 4
2 £ o
% Kl P P
mep) e Adaz * &
3 3
Barremian 2
4| @ | 4
¢ | 2 | T o}
5 % 2 MEIN
% 131 g T AT
=) SAEYEN
E 2| |®|¥
N WAt z
> I

YUE, A5EF, vl

=, U5 TS Y sl ol3) 4
ZAAE olFE AFoE

Haigict @d 2).

E|XA|7|

Shimamura (1925)5 ZE-e] HAA7|E sl AR
F7] woprlel FR2 FHIAT ST (1969 nlojit I
ZE A Ao A o] QYT 9
Falgon, AFAANE A2 ALY vimdsd FIERUgh
(Turonian) & (¥ 83 owivhd Aol AAE HALE BT
Reedman®} Um (1975)% 71€ (1985)% Shimamura (1925)7}
TR AESEol wA" 2832 Frenelopsis sp& X§
e AEINES TR FANSEE AEAE) FETd O




10 ° 4 ¢

HIA)Z7]22 22 A)7]1E vlgeiel (Barremian; oF 19 239hdA

2 Bgon Yi ef al. (1998)% IEAEA S o] 8-t

Q
E 1.
2 #3840 2o, BARE BoE FANL + 9L

59} BY® AZBAA 347 ANEA 3L Ack
ohy % EEEY

FEM(route map)tt HE

T6

7o A

o N

Aejel BAFE HAdels /gt Heke Bl 2 @
Yslo} glom, BSES meE U Heo] BYsidch
o BRHRE B Lo A B2t i) w2 A
Be mE w%r} 3 wdse] Utk WA o] =57t w3
20 gae WS FARSANA ABFES| AAE Aok

7) Sigkel Rl el @F 1), Fede

F2) APy

@3} vigald AUbe, mebq F2 £2E de A% 4%

o2 ololaich, BAZ olE ofe] ofe) ZeiAE

Yol @

Asl, @ i ohis, S5 el 30l $F 34 2

2ol 2 e HAAE Pt o =S wah AT

ST (2™ 3). AN BHEHE =Fe 27

ziE &

< ZHAY] PR THE B2 A"E AR Holske
4T Yo 282 AN, A FEE AR $EE A
F= AAY

ol HYE Mojain, Mz} Algo] TEAL ojFE

350

534, AYE THY ALY R siekdel ) A gos

59 % gt

4 i

ZEEH Aty :—-%7“ AR FEAN aE 52 5%
Ao Aol FHE T2 AP AR e Mgez ol
3, Al Aldz F23] Hgnh Ad-e =EA A
Y& FAE(rip-up clastyet FAE = ) FAL 2HE A}
dze gl 29 FAZ 051 m A=elw, TAE 10 mell
e FAE BUEE o|FVE ). BHFe] SR E ¢
g w$ F2oF gAE, e d8st ZE5S Bl A
AEL Wl ZEE Holx| gbs HAde|AY F'le] ddo] wek
3o, A Mge] Mozl wde] gasirl. F9 FA|FollA]
dAEE A 92 ok FE iolﬂ"‘r 7 v e Fx
7t A= gk o] o] M EEMe £8P &5
ojgel] 2%t & 59 A AYHEC] “‘373%‘:}. AgEH ol
= HEEA g2 gEevt wgd Ad ARHE FelE
& wjdso] mekgl ZFElE B EUh ARREdE Alde €Y
F27F 2 #EEe (29 4). °é ZHE AREEAME dFo
e} HolFert FAlol #zk Z82 (plug) +2RE Hole
A= Ut

K

o H

AfgMlg &4 o) WIL FTHES I A SHERY

ol
:C SO S o 50
caz4s-1s(¢) 5245-4G(¢) "84 -1(¢) 8 4 '1G(¢) 8 4,'!‘G(¢)
AYA(~) Macro(Micro) Fold ‘. Fault 2]y Slide and Slump
—~ Load Structure ==~ Convolute Bedding i Flame Structure
“~= Slump Structure —- Rip—up Clasts l] Tuff

Fig. 3. The log of sedimentary sequences of the Sinri area.
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Fig. 4. Sandstone showing rip-up structures.
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Fig. 5. a. Similar folds developing concentric fald upwards. b. A penecontemporaneous similar fold with postdepositional normal fault.



Fig. 6. a. Swelling along the fold axis and thrust fault along the limb of the
fold. b. Kink fold devoloped in shale and thinning of sandstone beds.
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Fig. 7. a. Deformation of sandstone and shale along the fold axis.
b. Differential swelling, thinning and boudin of sandstones. c.
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fold.
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Fig. 8. Detatched structures formed by the thrust fault in the coarse ash tuff and shale.
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Fig. 11. A deformed drag fold on the thrust fault.
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Fig. 13. Lobe type deformanon on the thrust faul the
developed below.
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Fig. 15. A normal fault near the thrust fault.
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b. Convoluting structures developed in intercalated sandstone and
shale. c. A thrust fold developed in intercalated sandstone and shale.
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o, %E}OIAEHH A €82 AR B30 Bl
A B ge] S (Rockall Bank)ot FEAES] FH3)%
w2 Zo] di§APHe ZA f3o] AT (Lewis, 1971;
Roberts, 1972). FF2A=9] SRSt vpz & thEAbH) A=
10-50 m 7718 Eeto|=EN o] Helje} HE Zo] 14° P&
sotolE Wg wet S} dolnitt. X o] P S
Al 7$~= HlZvlE 2 (Barbados)l o] 3% EAE vjBA
¥ z7zFog g Asdd A9t AAE ¥ o
(Davies, 1971). o2& dj& ""‘m*]' sdtolgel 2jg H&E &9
ZH A7t £ 272 2859 Yo HoxE F Ug A=
2 & 723 AoE ¥& F Al%—;’._— oJugel (De Sitter,
1964). E2fol =9} SR E7} ML ATHAE we o] o] F
AA] Z2 A2 FHEY FEFFAA AP 93 A
AR 3l =&o] AT FHAFAY olFy T3 71ES
AME BIEER] o2 HAEEY] o3 Hilvks 3 ojEo] =
‘%‘Wol Al F2F FE W) FAsA Egddt
= Zo] . FEAFAA Y F¥= WIEHA gL 4
& !ral T2 FES 23 T o8l BEEY 3 dEee o
A FEE gio]o]: b‘]—E]— ‘_g]z-?%/\]}ﬂ_,] &H ol —a], =7}
AR M BT AT S8 VE HAEC] mE 4

2 EAHolo} gt} EH o]Fd Ao\ £F T2 'r*r—SPﬂ
AA qellMe] @ozs AR 4 Qlth old 2L 84
Aoz A7shs FA 9 Hzg AWM g & FAgdE) o
Y 270A sTol=9t SHUZI} dot ool gk B2 AT
7} 2229 (Kuenen, 1948; Blanc, 1972; Klein et al., 1972),
53], Kuenen (1958y o]2ist £f= 129 A 717L A4
B2 AP AN AP wepr] A7 X Gore] Y= ¢
2o} W AL A 9o EAAeM A 2 oukel Zo] A
Foll gk B2 FHAEo] FEHo WME HFHo| o]FoFon, 9
5o 27xA gFd o8 FU= FHE WE o)Fo| dFet
A dofrt.
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ZEFE] - ol Ao WAFE= 3-5 cm FAL AYA Ay
I Aldo] wEsh 3.5 wje] waEFo] A3yt Aldel 23] A
2 o 2 e, HEe] Aol et BantEsIs £92
TEZ Holgtlt (2¥ 16b). THET = AL HHoE HAg
RPE Fo] 7HoE FHslY PA=Ee HoE U=A o
(Allen and Banks, 1972; Mills, 1983; van Loon and Brod-
zikowski, 1987), ol& Z7AN| wE 29 f85o2 3] dAH
o il AgA /\]-°‘°ﬂ/‘1 PA =D (Kuenen, 1953a: Potter and
Pettijohn, 1963), & EAE zAA 71gdste] etz 4=
% (hydrostatic head) Ztell &J3} o1FHct (Williams, 1970). &
He BHdME Ldsht, olel2 AWM oS Xds H)
< Hopl Evth. o A FFEE Z4EH Y, dod 235
2P4RE ALY B2 Al ZAE IAFANAY G o F

€ WEY Fo=H Y H7E AN = e, o g
ey £ A2 7 U (Selley, 1969). o12ig Ade 2d
o] Az} E= AR glel= dAle] FHZHEA FAd
2 Ho Fu} (Bamatt, 1966; McKee er al, 1967; Allen,
1986a). TAZE)= o] A AlglelA WA=, B3] 44
Afgejae)l EAoR ZHFEEI Yoy (Selley et al, 1963;
McKee et al, 1967), A HFEAME ebdtl (Doe and
Dott, 1980). ©] A4 ZAFZ|9] FPY= Eo] ¥FE RefollA
RAQ agle] o3 Eof {50l w2 Al Sy Ay
°ﬂ «]511 6“*5]210‘31 HAe] ol o] A7)9] o]RAHE A

gofs=d E[T0ME =% 35Tl wEd AR AY
o, FAE ¢F 3-5 cm ATo|, FHOZ ] FA| WHalr} A
o] 13, £HT FTzoAM9] ARIZHTI= T/} 9FS Holt) (2
g 160). 92 °1Fe 32 AdSE, AEE AES AdEe
2 ¥ 30-50 cm AES] Fo = o, il efd= 7
Zol] FutETh o] g ARte] WL JAAE Zhe ARe] of
THEAM HEEe AT, 3 e Al A 9
3 Ao FAE] Ro= AR} A 7F AAgo] Holrl o)etd)
Mo FoJAHME jolR)X] o FFS TE F UYL A
o2 Fdnt o] 7|2 ER Xsbd EHAZuc} Adzo] 4

®
Fig. 17. a. A ptygmatic fold developed in intercalated sandstone and shale.
b. A photomicrograph of sandstone showing ptygmatic fold.(x-nicol).
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Fig. 18. A load structure developed in sandstone.

th Y W olE3 B2lE TS HA4 Do} T
A8l “HEH  (pseudonodule)’r F-ETh (Macar and Antun,

11949). 22, o] AelolNE 9k WAk BAEA o A
7z} Sl BT 3719 G BRI

zHAY AAE
w2} A o] ASL iy 7‘1%71"&"“*‘] Ao vehls
HAgzolA ek, Azt s HAEAAME 349 ¢ Uk ¢
He 27} vl dEje] Y HE EE A B €
WAl PR 8155 THeEH 33*6‘51‘3]-5 Aol theiM= 71
9] o)7o] AX AT} (Kuenen, 1958). BEXFZRAA HEdsE= 1
3L B9 Al ZAHAL WEE 11*]3“4 AL Bk
21002 Holu, ol FZ2Fo| o3 B EAE AAp}
A WEEZS
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o] & IR HHE M= Sl o3 Y=o} Lejol, H
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o} olzfd AL E3lA El*#
L=2% o]Fo] 7kssitt. o
Z Aot e HAEY] A4 éE 5
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Sitter, 1964). 212] XM WA= = o FH THHIFAA
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TE2A ZPE Wit} o) stEEH T 2PRF 25
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