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Jeong-Hyun Lee and Seok-Hoon Yoon, 2017, Review on the depositional environment and stratigraphy of
Chinese gas-bearing shale succession (Songliao Basin) and their implication on lacustrine shale gas
deposits. Journal of the Geological Society of Korea. v. 53, no. 6, p. 845-862

ABSTRACT: This manuscript reviews shale gas-bearing lacustrine deposits in the Songliao Basin, located in
northeast China, and compares lacustrine and marine gas-bearing shales. Abundant black shales deposited in the
lake environment occur in the Songliao Basin, and therefore the basin has been a focus of shale gas study. The
Songliao Basin mainly formed during the Cretaceous, and thick black shales developed in the Qingshankou and
Nenjiang formations during the Late Cretaceous. These shale deposits mainly formed when the lake developed
extensively, and this time interval overlaps with the time of global sea-level rise. Therefore, it has been thought
that the lake would have been connected with the ocean during the intervals of high lake level. These lacustrine
shale gas bearing deposits are fairly different from those of marine origin, especially in their distribution pattern;
vertical and lateral distributions of the lacustrine black shales are very much complex. Such complex distribution
of lacustrine shale was caused by structural evolution history of the lacustrine basin, abundant changes in
depositional condition due to small size of lake, changes in sediment route, and rapid lake level changes caused
by climate change. The lake deposits form laterally restricted but vertically thick successions, resulting in
volumetrically significant shale gas distribution. In addition, lithologic characteristics of lacustrine shale are
different from those of marine shale, such as brittleness and proportion of quartz, which are important in terms
of shale gas production.
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22 =0 A AAZeZ Ad7EE Aol gt
o] AxEI §lon, I FoAE vl E At
S 50] Aol HL7EA9 Al A ABito] &
ahs}A] o] 2ol AT gk WA IS 7k AT
o] o]F R 1L Y= MY thFE2 sligelA B
A8 Ao A, EHS] 2L uj2o] wioks] Fagle
Ford&+t, 7iutte] EgtojotA7] MontneyS:, 3
=9 A F2|o}7] LongmaxiF o] Ut T2y 5
Tol= 54 7199 24 F
=82 e A Mo EAshH, O]%% FE
F83 M G7EAS FA e 2 a2 E 2 Ytk (Zou
et al., 2013). F=o] RESI= AA7LA B4 585
Z AN 719 Ald2 AAY 1/39] AUA] o
o, 2/3715FL oA Ao T &4 3HAoA E
¥ ZAo|th(Zhang et al., 2012). 4] A A F
A 3 HYE s A EHE MY
wlsta Ay 3ol thaw, 1 A3t P4% H
Fo B3 Py gt sfoF 719 AUZNA A
&5t MY 7k2 A 7S A2 =945 oll=
o]E2-0] ltt(Karz and Lin, 2014).
= Dol Thakdt Al71 9] Al E7EE B2 S0l
ge| E32s51aL §lon, o]of tfste] X FsH A7k
o 2 0|2 o)X 2L QJth(Zou et al., 2010). F=+
2 @A vl Fjuehe} A ME7EAY AE A A
4to] o|FojX|= H7t2A, FFE A4t 7Hse MY
7k iR 312 639 m'o] Do Zl o= B}
%L QITHEIA, 2017). F=roll A= 2005958 MY
7h2s0) At AJateel, Tk charst XA A
A3l gt 2| AeHA =A== Uch AAl=
°l = 5 YR = AUA BAbo] o] FoR|AL Q=
H), 20101 222 Aato] o]s2oja] 7 X450 2 Al
AFRS. Z715H= ZA|o]tHZou et al., 2016). L2t
o1 7R F2e A 27k gato] Sharst 0)F Y
Fiuete] Bls L AAto] FAHALL =, ol =
2 T AIY7tAY Aitel] agt 7|WAH Y] B,

AYFE Shfsb] 98 SAAe) 55, 57 A
of dEshe 59 ERt 254 SolM 714
St (Zou et al., 2016).

o] =HoA= FZL 50l FES L e T
o] 54 T 719 A7 A BASS sk,
15 AdFH oz A7t AA|3] o] 207l Songliao
Aol ke Al B ool sl Skl B
Tk gk o] wgo 24 BelA W
-5-}_L_ };"017]./\.‘3'—_ 3]—0 ]— 5]75:]201] EHOH 0] a1 ﬂ
A2g W 2o HATHS DRI ATk ok

S 9 8 AUFE HAeH W g det
4 Bl s s W il A
Wirg Feel 54 HaZo] de) Yoz
S8 e AL AN S i o
e A RE B 84 AUFIN ALAAE A
o =50l & 3= Aotk

2. 3= UHS0AMe M 3 olgtEY

He

= 5ol EEst= MY7EAE 3
2 A o7 A A FR/RE v o e, A
7] 1A -ZF7] Aol Aol EAE s/ Al
d, &7] IA-H7] Sl St ddholl A E
AE AY B= ©@3AY, 283 SAH-A7] A
o] 24 IAH SA4 T4 EEZ Solth(Zou et
al, 2010). o1F % §7]1EHo] Frat B4 AUz
T4 54 HHEL $3 429 Junggar, Ordos
X, 59 Sichuan £%], £5%9] Songliao £
A, &3l £%2] Bohai Bay #£2] 5°| Ith(&E 1). ©|
= % Songliao, Bohai Bay, Ordos, Junggar £X] &
2 Z= 5ol Exsh= g@Ekpantde) 9 £
A2 4 A Jth(Zou et al., 2015).

FToNA AE7FEE T S4Y 55 F
FA A A7) AT o AA s, of7] °ﬂ
T F&5ol dsh= Wo7] Songliao 24, F=
T o] Aol Wdsh= 2LA|37] Bohai Gulf &

A, F= S5 dojof W= EgtolotA7] Ordos

% =93




57 78R |4 M2E(Sondiao SR EXetdn M OIS HIECE o oY M2Vt~ BiF EXE0] et 12 847

A, T geroll ¥este Edolotrr]-7E|
Sichuan #%], F= A5l Wdsh= 572}7] Junggar-
Tuha &4, T5 AFo] Y= Edfolotrr]-77
2}7] Tarim &4]2} A|37] Qaidam £4] 5] £33
HoH 3™ 1). ol A &2sk= 84 T 54
S T W AIL7IET Sl 7H 2 13
2R3t} o] 58 F2 Z51A|(depression) = &
NEA](rift basin)olA] EHE Aoz, §7]EZ0]
ST AL, A3, A, ol To2 o] FoA 9l
tH(Zou et al., 2010).

SHoAoL Ao S H AT 4 HHE
A S g2 o] A9l EEske o Aws0] &
E3h= BIA AR Aselth F= FEFl 22
she B4 EAE2 A FH(eIR I d) o] FF
Aot ol 2 A sk gl A R ok Yo
et 3ol 9’ BA7E Atk (Chough and
Sohn, 2010). At £7], o|X 7|22 e H ot of
A2 Bl AEsHA Adsten, 1 23 Fotior &
o]l FE3h= fretAlobE Yolle 43 95A7t
oA st ch(Klimetz, 1983; Engebretson et al.,

Table 1. Lacustrine shale distribution in China. Modified after Zou et al. (2010).

Age Thickness (m) Area (104 kmz) Distribution

Mesozoic  Triassic-Jurassic 1200-1500 2.0-3.0 Junggar Basin
Triassic 20-160 4.0-5.0 Ordos Basin
Cretaceous 200-400 4.0-5.0 Songliao Basin
Jurassic 300-500 0.3-0.5 Tuha Basin

Cenozoic Eocene 800-2300 0.8-1.0 Bohai Bay Basin (Liaohe,
Eocene 2000-2500 1.0-15 Huanghua, Jiyang depressions)
Eocene 220-1300 1.2-1.5
Oligocene-Pliocene 800 0.3-0.5 Qaidam Basin

Fig. 1. Distribution of Mesozoic-Cenozoic lacustrine shale in China. Modified from Zou et al. (2010).
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1985; Watson et al., 1987; Kim et al., 1997). FA]7]
e Aol = o At ol EEA] (strike-slip
basin) o] AAEIRLw, AAt= ool FulsE
A|(back-arc basin)7} 28G9t Chough and Sohn,
2010; Chough, 2013). Songliao, Bohai Bay %] &
o] ole} 72 A7 A9 A= FAYEG o,
22 S0 A7 AT B A £&9
3t Gl ol EEet ARHEA] E3F FUTE A
T2 250l 98l /= AHChen and Qin, 1989;
Allen et al., 1997; Ren et al., 2002). ¥, S+ A&
Fol x5k 4 BAE2 o8 22 BEo| 1
A - 2o 2H SET AL BAE AL
24|, Junggar @ Tuha &A= 7HAE A, AH|2]
o} & gtg o], 12|31 Qaidam &A= frEhAl ok
I QIE=go] S5 A BAE Ao R 4
A Jch(Wang and Chen, 2004; Yin et al., 2008).

3. Songliao &X|

Songliao VA= = H&Fo £xsl=t, 2
o] 750 km, 1] 330-370 km & H&-2 260,000 km®
of| 25} (Feng et al., 2010), F-x22Q1 S/ wht
B8 G2 (Northern Plunge), 5% 8 (Central
Downwarp), &% -87]tl|(Northeastern Uplift), H&
§71d(Southeastern Uplift), ‘HA] §7]d(Southwestern
Uplift), A ApH(Western Slope) 5 3A| 67]<] +
gog JHETHY 2). Songliao B S FAEH=
AT HREY A= vEH A5 e E g
A l=d|(Wan et al., 2013), oJof] = Songliao
EA o= S FEH] e Wof7| e A 4l
A37171 Aol AA FA| 2F 10 kmof Eoh= E|H 0]
A= oH, £2)9 7R 2 7HHA B A S
e AR L2 gholRl= = UtH2E 3). &

Fig. 2. Location map showing the Songliao Basin and its structural units. Base map from Google Earth. Structural
units adapted from Jia et al. (2013). A-A’ indicates location of seismic profile shown in Fig. 3.



= JHAE |4 M2E(Songiao EAI)| XA M 5l 0l HIE

A3 sHFe] 7)ok =2 1Ate] WS S,
Sk 5o 2 LA E o] Qlok(Gao and Cai, 1997).

31 XT=H 2X| WA}

Songliao £A]9] A A2 AF2F o2 WE
25, N, S B =5 gt J7, =2
A A TR IA Y GARE o] & & qloh
WE 85 Al7le 771 71004 719 g
], o] AJ7]oll= A 9] go] et sht &5
FRkste] dojyttt. o] Al7]of EHE SAES &
F A7z deov REA o g2 EAE oY O =
A= Zd 7 kmol Egth(Xie et al., 2003).

77 ol o] Fofli= Wit 7ol A F7]0
AA E|H 39 3 50 ol ARAH L2 27} o]
YojubA Hrt. o] AJ7]of et I7iE E-A=
1 F=A7F B4 2F 3,000-4,000 m =2 Zf 6,000
moj| @shm, 5] Aol AA st A= G 5
A BAAIE FAEA R gEqit) Ad o=
T2 GR0] ol om, B2 AFofgt U7 E|Fo]
ot 1 FAl= F[f 510 m H=o|ci( 1% 4) (Feng
et al., 2010).
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Songliao £A|°f| F/JH HAA = M= HE F
2}7] 7] E]Z % HuoshilingZ:, #Wet7] H7]e|
E|Z5 Shahezi, Yingcheng, Denglouku, Quantou,
o}7] &7]of] B2 Qingshankou, Yaojia, Nenjiang,
Sifangtai, MingshuiZ;, A1Atiol] E/A% Yi'an, Da'an,
Taikangs 522 o] Fo|HUTHH 4). o] &4
Of A7z drAte] whet 24 4749 A= S,
Z A8 22z ZH9(deep tectonic unit layer),
sHE X2 S (lower tectonic unit layer), 3
B 232 S (middle tectonic unit layer), A
A -2 ZF9](upper tectonic unit layer) 2 25
t(Liu et al., 1993).

3.21 A5 AF= S99 (deep tectonic unit layer)

EA dd 27|(Wetr] A7) E7h7F Loju g
Z|fo] 4] el Y7 st o] T FAH
EHZE-2 ol 4 E| HuoshilingZ(#el7] A7),
ShaheziZ(2e}7] H7]), YingchengZ(He}7] H7])
ojtt. #29 Wrgo] AA| AlZtstsl=Aloll thsfixl=
E=2o| glon, F Chang et al. (2017)2 3Rt 7]

Changchunling
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Fig. 3. Regional seismic section and structural cross section across the central part of the Songliao Basin. Lithologic
and stratigraphic information derived from geophysical logs and cores tied to seismic sections. After Feng et al. (2010).
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Ao E|AZof gt £4& vl 2 HuoshilingZ:
o] ¢} 124-118 Ma7 E|A =] irtar g5ttt o] Al
71 iR A2 A7dol| o8l A 9] W]
A= £ 9] 7|9eto] ekl o8 HEE
o] Whdgt Al 3071 oY MR SPE 2RAE
o] Wttt £XE A= T3 S o

2t 27] EX5Y FE7F 2R EHULeH, o2 2
Al Al &5, & A7+h(graben), ¥FA| 5l (semi-gra-
ben), 22|11 &3 (combination type) 2.2 F-E=
= Qleh B39 BAE wet B4 270 s
o] Zhis| Yol on, EXof Wsl= EHFTES

Z8 27 MAHA(alluvial fan), AAFA] A2+ (fan

Stratigraphic units Litholo SB | Age | Sedimentary | Tectonic | Climate |Tectonic
Epoch | Formation |Member Thiz(:rl;n)ess gy (Ma) | Environment |evolution| evolution Unit
Quaternary 140 sc| &
Neogene |—Taikang 0-165 Alluvial fan, [ 23| £
Da’an 0-123 floodplain | 5 o] £
= s> = Upper
Paleogene Yi‘an 0-222 L 55 nEl »n tectonic
7)) ) | 2 : unit
S Mingshui 7 0-576 Meandering 5 layer
8 river delta, 6
[
O Sifangtai 0-320 shallow lake 2
®© - 73 3| &
i 100 el z .
— Nenjiang  f— | L~ 380 o Delta,large | © o .
o 470 deeplake | 2 | § )
pry - 2+3 > =
[0 Yaojia T 80-210 - 7 c
e — =}
% Qingsh - e g 5 2
=) gshankou[™ 2 | Delta, = 2 c
:1 500 L1004 deep lake ;GC: E <
[
550 = =
3 | Meandering | = | 2 =
Quantou riverdelta, | & g °
2 1200 shallow lake | © 5 IS
1 o ]
7 =108 =
500 22 lower
»n 3 Braided river, o8 e
>S5 Denglouku | delta, §5 .
o) 2 1000 large lake Ie unit
8 3 52 layer
p 117 —
— - 500 Fan delta, El
8 Yingcheng =% | delta, Eg
O 1 1000 deep lake &t -
o —123 S =
o 3+4| 400 Alluvialfan, | € |32 =2
= o fandelta, | S| <2 =
ahezi | s R
(@] delta, » g ) S
| 1+2] 1500 deeplake | 2|35 2
- o |22 <
131 = o
b= 3]
500 o e
Shore face, | S = a
" shallow lake,| ®» | @ o
Huoshiling ‘ tuff, = %
600 volcanics =
s
=135
i e Granite and | &
Palaeozoic M metamorphic| &
4+ + rock o
Oil Shale Mudstone Silty mudstone Fine Sandstone Coarse Sandstone
Conglomerate Granite Volcanic Rock Metamorphic rock Unconformity

Fig. 4. Generalized stratigraphic column of the Songliao basin. Modified after Jia et al. (2013).



delta), 54, WeHel SolH H=E e w ajugrt
(Liu et al, 1993). B2 94 TA) B3 5] ol
o] 41} o] Wr5oigon, 1 AT} 34 Al
A7 B4 el oA Welg 245 SR
EA5=0] A=A o3 SR EAA =
% &HE 7+ Y (subaquatic slumping breccia),
4% o] (subaquatic mud flow), A& (turbidite)
o) ZakEict.

3.2.2 38 A= FH9(lower tectonic unit layer)

wjol7] A 7)o & DengloukuZ o2 FA =
of gloml, BAI7h Qg WRT W} Alelrko] A
7= Al710l BAE Aol o] AFo] FAEHA
A7 8= H AR E0] AR FAAHA
= Tl EHEXZ HEsl= Al7|o|th o] A
719] E8A= 4 HgLd-ATT-L¢E 5435
HEY £08 A= B9t Bon, olg2 &
0] 97} W7t S AXET 2 23
7R ol AT B NS, £A] SAHE

57 71A8F |4 M2E(Songiao A1) EXetAn M 01 HIZCR o o MZVKA SR EHE0 et n2 851

o= 3471 A= ch(Feng et al., 2010).

3.2.3 S8 27 S99 (middle tectonic unit layer)

wje}7] 7)) E4E QuantouZ} Helr] F7]
o] E&4¥ Qingshankou, Yaojia, NenjiangZ-2.
FA =] glon, g2k 3,0005H 0l 2 EF o] o
Fo|HA Al7]o|m AR EA 175 2] 1/39]
she. o] Al7] Bt 29 st Ao 24
Frlsgon, B4 AAE Wi We 547t U
shsic. o] Al717k) B9 were Roske 7Y
23t 94F B4 EEF oz Idit &
ARen, & 7]Rkere] M7 A=t 229 U
7V 593814 283t thLiu et al., 1993; Feng et
al., 2010; Wang et al., 2012).

o] A|719] 7P & B2 Tt WA WESA

= A4, Qingshankouso] E2E 27|14 5-9)
o Wi 2& 5471 YAHgOH, of v B4e) 3
7%= Zj 87,000 km®e]] 25} cH 19 5a)(Feng et
al., 2010). FA| 22 34 7oA EZE S A

"126° E
(a) N N

(b) "126°E N

(]
Haerl
o Tt :C}iQngchun 44°N . QE‘a”.éCI'“” 44N
........ . .
126°E 126°E
I O E A
Fluvial Delta Shallow Deep  Limestone Distributary Basin Depositional  Alluvial
Delta Plain  Front Lake Lake Channel  Boundry Limit Fan

Fig. 5. Depositional facies map of the first (a) and second and third members (b) of the Qingshankou Formation.

After Feng et al. (2010).
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UL A SAFE wt FHsH wEsi, 1
F77F 60-100 mof| 23 Songliao &322 7
83 AF ZHE SAl A YE7EAE 2Rk QL
= 39oz IHA Utk QingshankouZ2) 2, 3
ol §4d djofl= EZI AZNA A7 A
2 wrdsle] 3429] F7)7} 9F 41,000 km’2 245}
Fow, F7 200-300 m&] HldF-o] EA| o A&
UTHZH 5b). o] f F= EHAH G2 M o)A
SAO NS BEdhe oYU MY, M AlgF H
AE ol

O] At i TEo] BA] ol FAEUL, ¥t
H 24 BFoll= 2 Ho] BAghHo| st =2
st 2 HEd HHSo R 74 74 80-210 m
Yaojias-0] EAEI) o] Al7]ol= H7F =&
AXERE A SAE, & €9 1Y H(rip-up clast),
g, 2= (caliche), Fuehtz 5o Yehdti(Feng
et al., 2010).

wot7] $7] Nenjiang 0] E|2€ o thA] 7}
QA st ch(Liu et al., 1993; Feng et al., 2010).
o] A]7] Tt T2 FAH FHAUS M olA A Al
Y, A3Y, oFS AEY T AT 238k 2
Al So|th(Feng et al., 2010). Songliao £x] 2] &
A AAE FEolE W 7 W2 2571 o] Al7]of
FAE =], T =7]+ 200,000 km*of ZEtchChi
et al., 2002). 34~0] S-S £ A7} £=71 F
7¥et 3 skl e, E3t sl o] HETE o
=0} QUek(Liu et al., 1993; Feng et al., 2010). T4~
HAZF Wl Agdol A5 yehutet, o= &
A9 715 Hglo]| wE T4 WSt mhE Ao
AZF= T (Wei et al., 2016).

3.24 AR ATt Z539)(upper tectonic unit layer)

EA] W] Ert= A7 (Weh] 1), £4]9] &
o] W2 20] AMEYT, 1 A3 2R ¥
2 7Fs-57 Haccommodation space)®] 7|7} 34
Aasieh $7) AL §717 oo, =)
A S0 AR o) FRew, 1 A BA) A
of ¥t e g EHF9 gl 2A F7Istth
W7} S} HE2e] Rl Foxl 2t 24|
7 g A9A HikHo 2 golzlon, B4 ¢
7do] & T4 oA S HEY, S AA
2 sl he 5 A5h 0 2 A1 2istel Hgg 29l

0.

Ho
J
Mok

t}. o] AJ7]of PAH EXFE2 Sifangtai, Mingshui
Zo|th(Liu et al., 1993).

4. Songlia £X[2] SM M|2S: QingshankouZS

Songliao ¥A|ol14] Alele] 4 lo] et =2ah
At T2 W] 7] El- 9 Qingshankous:
3 Nenjing3-o]l J55 0 $l=Hl, oI5 #50] F2
$7120] FRT T4 AAZ T Qo] HeA
o] 20 ko= 24gsh] wholc A 104
7+ 0]F017] Lo o5 QingshankousT} Nenjiang
Zo] nAgalAL} AR Sl Yolek Aol
A AESrE 0 2 AR Hertaot ds gl o, o
oh AAZIAE AR 4 S S8 ARAZ &
A JAtH(Wang et al., 2006; Xia et al., 2012). o]
Z 8|3 AA|3] A7} o] F0] A QingshankouZ
of| sl &7skar=} gt

QingshankouZ2 4SAH o2 7 379 &
Y(member) &2 o]F0jZ §lom, o] FEE
HE 1,2 33902 E¥th olE S 1Rl S€S 5
2 34 oA EHE AYRE = 9o, 2,
3 SHolA= Algto] o Bol UehdthH1H 6). °]
S F T2 AMY7EE TSI Jlow EJF A
o] Yol He A2 1 Stk 2, 39 S¢S 1
ZAA7E EEHsle] Bg A 71AE ek Qingshankou
Zoll gt E-e4 A= F2 Songliao #4]<]
SA R A FHE5H CCSD-SK-I (China Cretaceous
Continental Scientific Drilling-Songke 1) Al5%
o] FojofA] o] ROl NEF 59 n|FH, BHE,
27154 59 A7to] =1 Qingshankou3-2
¢}7] 37| Turonian %7](92 Ma)&-€ E|Zo] A&+
= 3leH, oF90.4 Ma7lA] F7 oF 81 mo] 1 S
= sk o] FA oF 416 m2] 2/3 FU
Coniacian £7](86.2 Ma)7}<] E& = QItWan et al.,
2013). m|E}Sof| &Jgt 17| F A A= EF o]
Aot ¢t thAd &H83Hsub-humid) otdd] &7+
(mid-subtropical) =9 7|57} AI5tH-S-= A A|
StcH(Zhao et al., 2014).

4.1 244
4.1.1 Qingshankou-1 £
Qingshankou-1 -2 24| Ao 24 g2 &



= 71A5R 24 M2S(Songiao A1) EXEAL

2o, £ A5 BARAAT A vehdA] g
Lol 5a). 191 $99] FAE B35 0-80 mo|u,
Z|d 130 m7HA] Wasl7) = e 17 6)(Gao et al,
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Fig. 6. Higher order sequence stratigraphic profile in a downdip-type well in the Sifangtuozi 3-D survey. Twenty
higher order sequences (S15-S45) were recognized in the four third-order sequences (SS1-SS4) in the Qingshankou
and Yaojia formations. The first number after “S” denotes a third-order sequence; the second number represents
a higher order sequence in that third-order sequence. TST = transgressive systems tract; LST = lowstand systems
tract; HST = highstand systems tract. After Zhao et al. (2011).
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Fig. 7. Plate showing main lithologies of the first member of the Qingshankou Formation in SK-I. (a) dark gray
mudstone, horizontal bedding, mudstone of still water in deep lake; (b) light olive gray dolomite, massive bedding,
dolomite sediments in deep lake; (c) light olive gray muddy limestone, massive bedding, muddy limestone sedi-
ments; (d) light gray calcareous siltstone stripes in the dark gray mudstone, deep lake turbidite microfacies. After
Gao et al. (2009).
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