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Qingshankou Formation: Significances for basin formation, hydrocarbon generation and petroleum accumulation of the
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Abstract Interlayers of mugearite are recognized within lacustrine mudstone of the Upper Cretaceous Qingshankou Formation
(K,qn) in the Songliao basin (SB) of Northeast China. Precise * Ar /¥ Ar plateau age of 88. 0 0. 3 Ma is obtained for the mugearite,
interpreted as a Late Cretaceous, Coniacian stage. The volcanic rocks are characterized by glassy matrix and porphyritic texture.
Phenocrysts are olivine, augite and plagioclase. The rocks are rich in Na, Al, LREE ( Y LREE/ ¥ HREE =8.0 ~9.7) and LILE
(e.g. U, Th, Pb, Rb, Sr and Ba), with high Rb/Sr ratios, low Sm/Nd ratios and the §Eu value ranges from 0. 95 to 1.36. The
volcanics have also high Mg* values (0.61 ~0.64), high Ox® values (0.62 ~0.68), and low MDI values (3.4 ~5.3). Standard
mineral pressure plot coupled with MgO/Al, O, ratios indicate a depth of > 60km for the magma chamber. Hereby, the magma
originates from enriched mantle, turns to be intraplate rift volcanism as a result of maximal transtension cutting through the crust. The
volcanic activities have two effects on oil & gas, accelerating hydrocarbon generation owing to the rising regional heat flow, and
resulting in biolithite sediments of important source rocks owing to the local reef-building environment. Three factors involved in the
volcanism are favorable for petroleum accumulation, including drag structures beneath, topographic highs above and turbidites around
the volcanic rocks.

Key words Songliao Basin; Cretaceous Qingshankou Formation; Mugearite; Chronology and geochemistry; Hydrocarbon
generation and petroleum accumulation
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Fig. 1 Facies distribution of the second member of Qingshankou Formation (K,qn?) containing the mugearite
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PAT B RAE R HAERBEE R LA T RENUAE
AR TP AT MR M, R RIEREE 1km (£
HIREE,1993)  hETE S B E M KNS S A, T
TRUTRA AT LUK LA AR B S A O X, BRI UIE
FURRF GEXT LS (Wang er al. |, 2007) . REHHTE
HEIFFITI R, LA K UE TE R TR EF K ORA
MEMRH (Wang et al. , 2002) . HFRZF AT ELEET,
FREUEM T RELELEA RIAM ERELEFILO
H PR RITA T B EAMBR AR E EEE = AR

(R A %% ,2008) , SRR 6000 K, bHELHF LN
HUBMHERAE N E, BN T A B EENREERR (L
et al. , 1994) , A KA TH L OHFPMWARE A T2
FEPH . TR AT B4 80 ARS8 T
HOEPREEXLE B THEE SRBEZ. 2HX
g, AA R B 2 EERRUSTRREA, TUER
Frep SRR R A TRE & AR S, AR IR (55
BEMERER" D, 550, #EEF DA ERE SRR
B R ARDBUE OFE, BT LL, X H— H RGBT R R 58

O KRRAMEHER. 1983 NI HEMIEIAR - H XS 6 F5%
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Fo & 6 FH AL THML AL TR F RABE X S5 e MBE A,
PLARINSE AT = AN AR B E JIAR (B 1) , A 30L& 6 H
F_.ZEHTEHE 191m(1791. 5 ~ 1982. 5m) iy k LA Be K
B &R, FE AR SR HBER 0 e D LIS A
AT EREFER F AR 1971 ~1982m FH B 11m BH K
ERZHT T EAEFIRMZH R, LRRH A UAERISR
fiE RS R AR R R

2 MU ARG RHIE

2.1 ERFT

46 H T H I 2293.34m, s5 A R =B 175. 34m (XK
F)FEH, P F I OH . =B A 4 1690. 0 ~ 2016. Om,
B 326.0m(E 2), hEMAEFNIBEBERSFESE
B TER(1791.5 ~1982. 5m) ,JE 191. Om, LT #%
RS- & MARP 2, Wiz B TR E X
FXKESRKEMEKARE BPRERE, SEENEL
MEREST , WELRRTEANTEARBREE (H
D), KUERAXLUFEBEERZ FR—&EKA (17910 ~
1791. 5m) , J8 0. 5m, FENFE KA MEPRIKE (B 3A) KA
ZEAREBEE RERTE FAR KIS hE
M e REEHTEER(F2), BNFEIIAESXR,

2.2 HRREMETESIT

AXHRKER R B EL 6 H 1791.5 ~1982. 5m kK 1A
BUA O TR 19 MR S AT BT PR, TR T 1971
~1982m HEIEE 3 AN TRE AL AR SHETER BEM
W RS T, A P — AR AT T Ar /P Ar
& i A EN A

BT L ARSI TR A ME R R IK A, B/DBERER
o, SILELCHE, RABHMETIE BRRaERES% ~
10% 28], pif2H 0.2 ~0. 5mm, BE R F E R KA BMMA
ME@EEL (B 3B), ERUBBESRARSEHNE,R
ERAT L A0 £ HR A A R A E R R ATHES (B
30), RABEE, SILAN—BAE0.1 ~1.0mm Z i, 4L
NAREBZEG . FRA.EAA AT YEST KA
3B, 3C), FHAMBEREBNZTREUARZILTR
B BRPEETERBALE,

3 BBEHLL S A Ar AR

TE4 6 3 1972, 8m AbREE K ILEH T, PRt ALK A BE &
FARESILA R KRR, W RAERY Ar /2 Ar [
REWH, EHRBRRZESME(2003) , 505000 7 25 LR
MG 15 %5 (1996) FIE K 1% (2006) ¥ Ar-? Ar E4E4147 45 151
F& 1,
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Fig. 2 Comprehensive stratigraphic column of well-Jin6

(left) and the core section containing volcanic rocks of the
K,qn(right)
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B3 FlAh kLA E BT RE AL

A-$ 6 3 1787m, KA Z B 5 MR mERORA BT A, SR B-2 6 3F 1892m, MM % A B8 I B4R -4 6 3 1972m, i
L BB, ERRD-& 6 F 1988.5m, KA Z T AR WEMD A BRI, IEL. BT Aug- X8 1F A PLRHK A, Hb-1%E
RN Ol

Fig.3 Photos showing features of mugearite (B and C) and the associated rocks above (A) and under (D), K,qn®

#1 FUOAKLE A" Ar FRFHFTER
Table I **Ar/* Ar data on the mugearite of K,gn’

W0, =
0B IR O Ar BAr T Ar ¥Ar ®Ar ( 3;AArr ) P Ar AW ¢
4 (C) (BgAr)m (”Ar)m (JgAr)m (JQAF)|v| (10" mol) (%) (Maztlg)
tlo
1 420 16. 674 0. 03201 0. 46093 0. 0674 4,708 7.295 £0. 005 2.59 167.2 2. 1
2 520 8.2472 0.0217 0. 39603 0. 0396 8. 535 1.882 +0. 003 4.71 44.7 +0.6
3 630 8. 9446 0. 0207 1. 4520 0. 0799 6. 698 2.956 £0. 007 3.69 69.7+1.0
4 730 6. 5634 0. 0095 0.87313 0. 04682 14. 60 3.832 +0.003 8. 06 89.8 1.1
5 830 5.8773 0. 0075 0. 62058 0. 0268 24. 58 3,705 £0. 001 13.5 86.9+1.0
6 900 5.7590 0. 0072 1. 1478 0. 0315 19. 24 3,723 £0. 002 10.6 87.3+1.0
7 1000 5. 1242 0.0047 1. 0167 0.0221 39.18 3.811 £0.001 21.6 89.3+1.1
8 1100 4. 9280 0. 0043 0. 88531 0. 02553 32.22 3.727 £0.001 17.7 87.4+1.0
9 1200 5.9220 0. 0077 1. 2004 0.0422 17. 84 3.726 £0.003 9. 85 87.3 1.1
10 1300 8.7142 0.0171 1. 2313 0. 0505 8. 113 3.770 +£0. 004 4.47 88.4 1.1
11 1420 13. 268 0. 0285 0. 85922 0. 0701 5.356 4. 935 +0. 006 2.95 114.8 1.5

R TR m RS IE R, A R R E A, 1o B —EhrdE 2 R ER Y0, 158, B84 =
0. 01219, [ il 5 X 24% : MM1200 Bithit; Wit A r . hBHBE B 5 MR D BRAF R AR (L S %

B ERATRIAH AR 167.2 £2. I1Ma f1114. 8 R B R TE G Y5 Yt ( xenocrystic contamination ) B %] 36 & i 2K
+1.5Ma, 2 M3 MHEE BRI 44.7 £0.6Ma 69.7 +1.0Ma ¥ (initial traped argen component “Ar/* Ar) ( Miller et al. ,
ANRER , BEARKUCERBERE( >60km) MM TE  1998) ; Wk B ANMTAER & By B8 Ar BEHE B % (© Ar
HEFE AR (TG e 2% 1998 4, EE B A S FE B E leakage over time) ( Richardson and McSween, 1989), 554 &

?1994-2016 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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B4 FHilAHKLES A/ Ar SFER TR (A) B 5 23 B M R4 (B) FIR S RTERE (C)

Fig.4 Flat release age spectrum (A) and corresponding correlation isochron plot (B) and inverse correlation isochron plot (C) for

the mugearite of K,qn’

10 By BX R BUAFE B AR LR /N, T L T FHH A - 88 5F , BEAEHE 4
88.0x 0.3Ma, Ar BB Y BB 85.8 %, 7E° A/
“A-C A Ar @R UL T ANEOE SR TR R A
YA EN L (F 4C) , FRTLR A 86. 1 0. 2Ma, 54
YRR, X7 A0 Ae/ ™ Ar ) BR1E R 294. 8 +14.7 X 5EI K
SEHE 2955 T, HHAE 4 ~ 10 B BRSSP RS
AR, U ET AR ERZR - (FE 4B) , FaTRE i
H88.0 +0.3Ma, 5EEAF R HHIE], WA R LL{EH 293.9 +
8. 4 RN LT .,

Sinton et al. (1998) ¥t By A A AT ST B4R I (45 AR el
BEEGER) = &ANEN . QFELH 3 AMIEELIENE
2 50% #” Ar BB QANESS R R RS TTE F oAb
SUMS/ (N-2) {7 95% {5 K P IE{H UL T @ A/
VA S KRR (295 ) BRI F L LB EME(1s 22
W), HKEER 1 ME 4 FEERSEZHE, EHER 4A B
TR PRAE I 88. 0 £ 0. 3Ma RN KA IS IR

4 PBBOH R ek

41 ERTE

FAT A 1L O LA B M E R LT R R
DA RN 2, TAS REMAHA X R TS X (A
5A), M#%(Na,0-2) > K, 0 i#f — 58 e BRI % & . Shand
P R HESR R 2 5 () 5B, i) Siebel et al. (1997) 42
A A A A B3R AR (BEZR BB AL O,/ (Ca0 + Na, O + K, 0)
SLA AR, BFI K AN FRETEMERILE
(AL, 0,/(Ca0 +Na,0 +K,0) =0.75 ~0.85) Kk B/RA B EMm
AR, BN AEAE R DGR T BT MBS R B I RE
WA A BT YA (K 3C) . BRFERER o N 747
~8. 87, NERMERF, BRI Mg' N 0.61 ~0. 64, B T A K&
A R R M LA (Hess, 1989) , £ CIPW 1B R 10HE
fa P ELE Ne( A M OLCHBA) SR Y0 RHAE , BIR Si0,
AHHL (FFHE FARET 4 Ne', OF, {3 A Ne-0P-Q* £
HIE ( Yoder,1976) 18 U IR X FE J17E 2GPa &£ 4,

2 BUNAHARBAREER(w%) BLAKETE
( x107°) HHTLER
Table 2 Major elements (wit% ) ,tare earth and trace elements

( x107°) analyses of mugearite from K,gn’

Bas J1972.8 J-1978.5 J-1982
Si0, 48.48 41.12 47.08
TiO, 2.46 2.70 2.96

Cr, 0, 0.00 0.00 0.00
AL O, 14.16 14.39 14.30

Fe, 0, 6.14 6.52 6.08
FeO 3.25 2.68 3.09
MnO 0.14 0.14 0.14
MgO 7.68 7.63 8.54
Ca0 4.22 4.91 3.92
Na, O 5.41 5.83 5.76
K,0 0.99 0.64 0.19
P,0; 0.28 0. 64 0.15
LOI 6.24 6.42 7.20
Total 99.45 100.22 99.41

A/NK 1.42 1.40 1.48

A/CNK 0.80 0.75 0.85

s1 32.72 32.75 36.09
o 7.47 8.87 8.68

2.89 3.56 3.17
Ox° 0.68 0.63 0.62
MDI 5.25 4.0] 3.42
Mg* 0.61 0.61 0.64
La 42.1 47.4 22.8
Ce 79.7 89.5 37.4
Pr 9.02 11.22 5.00
Nd 38.83 42.90 24.18
Sm 6.90 7.65 4.39
Eu 3.29 2.57 1.86
Gd 7.98 9.02 4.50
Tb 0.86 0.98 0.46
Dy 4.58 5.06 3.08
Ho 0.76 0.78 0.51
Er 2.01 2.04 1.30
Tm 0.35 0.34 0.23
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e & )
Continoued Table 2
RS 1-1972.8 J-1978.5 J-1982
Yb 2.24 2.31 1.72
Lu 0.30 0.28 0.21
S REE 222 108 199
Y LREE/ ¥ HREE 9.67 7.96 9.42
SEu 0.95 1.28 1.36
5Ce 0.95 0.86 1.00
Sm/Nd 0.178 0.178 0.182
Li 60 47 69
Se 27.70 27.34 26.09
v 170 164 169
Cr 64 67 83
Co 35 40 36
Ni 95 91 113
Cu 118 20 54
Zn 115 77 91
Rb 30 24 12
St 365 374 202
Y 19.41 18.52 10.69
Zr 354 358 307
Cs 6.04 5.70 4.31
Ba 1063 623 859
Tl 0.32 0.29 0.16
Pb 47.71 11.71 9.85
Th 7.03 8.03 3.87
U 2.05 1.74 1.06
Rb/Sr 0.08 0.06 0.06

: 8Eu = Euy/[(Smy ) (Gdy)]1"*, 8Ce = Cey/[( Lay)
(Pry) 1V?( Taylor and McLennan, 1985) ,N JBRbi B3 45
HEALE s B 554550 SI = MgO x 100/ ( MgO + FeO + Fe, 0, +
Na, 0 + K,0) (Kuno, 1960 ) ; S 4 S ¥ # o = ( Na,0 +
K,0)2/(Si0, -43) ; z= (Al,0; — Na,0)/Ti0, ( Rittmann et
al. ,1973) ;AL BE Ox° = Fe**/(Fe’* + Fe?* + Mn) BE/R
. ( Rittmann et al. ,1973) ; B38 5 %5 MDI = (Si0,/3 +
K,0) — (Ca0 + MgO) ( Gast, 1964 ) ; Mg* = MgO/( MgO +
FeO + Fe, 0, ) BEJR L. ( Hess,1989)

4.2 HIMPYBETE

LB 6A iR, L 8B ( ZREE =
107 x107° ~222 x 10°°) , A BRI PR A # £ & & (3.89 x
107%, Taylor and McLennan, 1985)f 27 ~57 1%, BRER L4
HHE (Y LREE/ Y HREE 3% 7.96 ~9.67) , 4515 % A~ B
B, HEBR—EERF (6Eu 2515 0.95,1.28 F11.36)
R CE I AR N E 6B-D, H EKHFAER K. Rb. St Ba,
U.Th.Pb EAMBENRKEFRALEVRSE, ™ Ti Ml Zr
ERHENBRSB LR —E8E. METERNEMN
Sr Z Nb JEfR— &, R K .Rb.Sr . Ba 38 i B4 (#6244
F MORB # 10 f51 ) ,Zr Sm #1 Ti (K EFE 4, Y. Yb Ni #
Cr EHEAETETM,

5 #R5itig

5.1 ERBERREBENNERE
5.1 Z2RE

ARFFETHEE KT 60km B E LRI MM . 35 French
and Gameron (1981) A4 MgO/ALO, lLER R MESE X
REAATE R E S (GPa) M6 B A%, M % & MgO/
ALO, =0.53~0.60 BB AEBRBES N 20Pa £4,
1B R Yoder(1976) 5pifE® W T ER B A KRR E S KT
2GPa, 1% 1GPa~33km {48 , ZASHBLAEL % 4151 X YR HE BT K
F 60km, FHHERIHE (enriched mantle) B EBIANEE S
AHETTEXENERR, BER 2 EY R s kel 5
e AE T A B HE IR X, R B K & Rb/Sr H K Sm/Nd
Lt (Brownlow,1996) . fEME R & b, ML A HETHFILOH
(R E) FAERRY FUMA R B FLH, 8% N RT3
WA Xu et al. , 2006; Wang F et al. , 2006) | ZPE KK
PG (Wang e al. |, 2007 ) FiE A BB b8/ R b 4R U0 ( R AR
TG4 ,2003;Wu et al. , 2005) B4 X o 4 {UHT B 7€ R 4 0
AWK EENH . F DB EZ EHERITE Na,
Al K. Ti,#&m& Rb.Sr . Ba,U.Th.Ph ML G ELEE T
CHUR ( chondritic uniform reservoir,, Brownlow, 1996 ) #i MORB
(E 6B), XL ARURMHA TR K E S Rb/Sr (0. 061 ~
0.082) & T HuEK - H{H ( CHUR =0. 031) 1fif Sm/Nd [t (0. 178
~0.182) £ FHuERF- 218 ( CHUR = 0. 299) , B /R LI X K 2
BRI 0E (Brownlow,1996) , A4, 5T 4 REH K
AR TR LUK L (B 6B), —F B A HEMUME, 5
FEROANET B LR AR s HE R (B ,1997)
5.1.2 BHMR

BXAPESRER, HEERBIMIEREB R
HRE HEERETA-CBERREXERE Y RE
B (Brownlow,1996) . ERIFEZX R ERKMT WHE S5 Mg’
B BA %R, SRR R BE X a K R, B, R SR8
BAEFKEBROHEBR LR A PRSUBMME N E, Mg >
0.7; FENREKSHBMAMAEH A, Mg" =0. 60 ~0.70;
BESRAFUBKOAEANE, Mg" =0.45 ~0.60
(Hess,1989) , 4+ 5 & B (MDI = (5i0,/3 + K, 0)-(Ca0 +
Mg0) ) A RBR AR B9 43 5 B2 B ( Gast, 1964)  fMT K R H
EH-H R T R B A A R BCEREE 7 ~ 22(Wang PJ
et al. , 2006) , F Il O LB & 5 5 7 F ONHA & (8Eu =
0.95~1.35) FEHAMD Y HARKA A MEEED,
5 Mg*I1(0. 61 ~0.64) ; A4 43 e HEB0 (MDI = 3. 42 ~5.25)
AT AR B K A, XS B 7 10 O 4L
HEZARX AW RBEDRK. B, SARGEREBES
RORHAELER SR (E 6C) , FIOHKLES
EIARLE B LB ARML( A 6C th common signature) , 5HHS A
N 40% fE Rl BB A HIE (B 6C) .
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(A)F 1O k1l TAS E#% (& Le Maitre, 1989) ; (B)Shand B % ( & Maniar and Piccoli, 1989) ; (C) Fr#ET /5 /7 B (8 Yoder, 1976) ;
(D) Gottini-Rittmann (4 Rittmann et al. , 1973 ) ; Il H A KAARIEZ LB KOLES B K @ LAMBIMM K ILES, CKREA
B B TR IRES S (E)ELE 0x°-(Nay0 + K, 0) Ef# (4 Rittmann et al. , 1973)

Fig.5 Major element features of mugearite from K,qn’ and relative comparison

( A)TAS diagram of volcanic rocks from Qingshankou Formation(after Le Maitre, 1989 ) ; ( B) Shand s index of the volcanic rocks( after Maniar and

Piccoli, 1989) ; ( C)Standard mineral pressure plot of voleanic rocks( Yoder,1976) ; ( D) Gottini-Rittmann diagram( after Rittmann et al. , 1973) ; In

field A are falling only lavas of volcanoes situated in non-orogence regions, in field B those of volcanoes in orogenic belts and island arcs. In field C

enter the alkaline derivatives of both; { E)Degree of oxidation as a function of the alkali content in lavas from K,qn? , Japanese island and Hawaii  after

Rittmann et al. , 1973)

5.1.3 BREINE

FEMIEK TR, KIUEEKELSBEREG X,
ERBKPER IR TR E (K 2% ~6% ) Mg &
(BK6% ~ 10% ) H hEm FKEA (MR E R RE
£,2006) . BAKRERAEOPIELHKETE, TERBASR
AR HREAEE (L0, F DA AN EE
6.2 % ~7.20 % , N FTRKAMMBEZH, BEEKE
Ao ZEXUEBEI THAEE Z M, WHF - BAKT ]
REE LR BRG4GB K T KPR Ve B PR R K
BEHERREE ARE AR BKBERNTY, KlstE
HIRE (M0 Fe?* H Fe'* ) BRI 5 A 2 bl % T ROk
B PR B 5% B (Middlemost, 1989) o BTBFSE K b B4
AL Ox° (Rittmann et al. ,1973) 76 0.62 ~0.68 2 (8], Bl B &
TEBRRMAAXZWRELSE A (E SE) R EHEHER
TREALH .

5.4 #HEHFE

WAL 2 R X F AT = B LRI R G — s e (TR Mk
%,1998) St AR Bt 5 TR R WAR L Z M BB K T
TR EHEH (130 ~110Ma) ( Cogné et al. , 2005) , {FH
ILH AL FERE KB R G RN R, EELEWET R
HFEE R, F I OEBMEZ AT R FIEE RS
(El6D), R HMEITRMWES 5B (Z/Y-Zr BRI
Z/Y-T/Y B f# ,Pearce,1987) , LR B ERHN TR AL,
LA AT L1 O X 3 S B K WL A FRE SR R4k
ZHIRGER BN HZHR A TRANE, B 58
INHRBRIRA KA NS ARkl
HFRICEEXS L (B 6B) , A FIEE AR, 0% (B 4B
OB B, AR (La/ Yb) Heg Ry FHim B L i, 3
SEu B ERE, SH Yb N Cr FEXLEYR(EREE,
2003) . MBFZS R FIMIRALFRRAENT LU E ML 2 L OB
WM T H S ENE- SV K UE AR ERETERET R,



IHEF. MLAKRE L o AMEERE AP Ar S8 HBAF R LR AR RRE L 1185

B 6 il OB L EHMENT 1 ITTE IR A FRIE R I L

(A) BT Z T L OV L BB K LB BR B B A AR ik REE Eo2h /A (B) M 0 1 4 KL B4R X k1L A MORB fr#E (b &
JLEBRME (A1 B HASIES| B ERRES, 2003 ; AL % ,1997) ;(C) F 1L AH KL E S RFEE RV ER R R Hsir LA HATER
SHET Lo CRAR BEES | B Peng et al. , 1994 ;Fisk et al. , 1988; Devey and Lightfoot, 1986) ; (D) 4 i 08 by vk i B o0 2 Wk B AT CL R
MAT 5 B Hi S bR i {L {2 Sun and McDonough( 1989) , MORB #r#E{L{t 1 Pearce(1982)

Fig.6 Trace and rare earth element geochemistry of mugearite from K,gn’ and relative comparison

(A) Chondrite normalized REE patterns of voleanic rocks in Qingshankou Formation of Songliao Basin and its adjacent areas; ( B) MORB-normalized

trace element spider pattern(1n B and C, the other data after Hou et al. , 2003 and Qiu et al. ,1997) ; (C) Primitive mantle-normalized incompatible

element spider pattern of volcanic rocks in Qingshankou Formation and other different types magma( The other data after Peng et al. , 1994 ; Fisk et

al. , 1988; Devey and Lightfoot, 1986) ; (D) Primitive mantle-normalized trace element spider pattern; chondrite values and primitive values after

Sun and McDonough (1989), MORB values after Pearce(1982)

5.2 RIMERERR B REHXRE
521 XKuhHRSRE

Fi D8k leE B R R A A A Bk mRNN =Y,
FAIT Z03 T W O 0 % R R K F IR R | K A PR
B E B AR AZE, RE T EEH AR
LB TENZIESER (Jiang e al. , 2005) , EEFFE
B9 15s SR ST OB IR, WAL A P R AE 15 ~ 22km $E LK
F 250km K pyIERE b 5] B0 BB WA , FEWT T YT R A A:
—RIBTYING 2, %W A T e R A s b AR ERHER
(Yang et al. , 2004), 4 6 ML ERFX EHFMTE
EEWOTH 2 L, e 2s (6] R A - M B A0, 4B

AU CKDYE R SRR A MIEs & EF UNE B
KIERA R YIRAER T, HAEREFBRKEY
FEABEBNER LRGSR, B THIRA KA (5K
PR Mattern et al. , 1998)
5.2.2 KA B AR A AR

KPR R#BA M TR, 5 XUERE X R BaER
TR, €6 FFNEEFHEZE(F - =&) B ™ 39m’
(Ef4,1984) , ZXWHIT 5K UCEHRERE (5
FUESE,1988) KA BRI =35 - RAOLEZTH
TURE W A B AR A5 W A R aE; Rkl
Z LHTRAER TR E 5 A5 B SMEL b 2R R R
BB P 5 = K Ll T 3 B L ] Rl g vk AR (PR 2 A 1980 ~
1995m TR ) o IEFNRESEEMRFH R, Fil
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Table 3 The stratigraphic division table of K,qn’
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H Gradstein et al. (2004)

{ a4
=3 FEKE JRSC b R 4E 2% FH L OARRAR BF R R
RO YRR GRS SR Harland et al. , 1982 Cenomanian-Turonian
(1989) Ji:a
WERE AN E R E B RITER +
ERBE T K-Ar 2245 89.0 + 1. 8Ma #192. 8  Harland et al. , 1989 Cenomanian-Turonian Wj/l\ﬁlll.m ﬁﬂﬁ‘:ﬁ@ﬁ'%ﬂfﬁ
(1995) F Coniacian #1 Turonian [}
+1. 5Ma
Dflz;i% i w gt Harland et al. , 1989 Cenomanian
HH%ES HNERTMEFLOHAFE 93 +13Ma ) . L oO0oE E R R
Harland et al. , 1982 Cenomanian-Turonian . .
(1999) ~98 +12Ma . Cenomanian-Turonian [}
E&;ﬁj?;f; kA Harland et al. , 1989 Cenomanian
RS W Lozt b: i s Harland et al. , 1989 Cenomanian-Turonian
(2002)
b ?;30]18;&" LIt ey Harland et al. , 1989 Cenomanian
A PLBERAR % [7] 5 F XT e ( Cenomanian-
TEHESF  Turonian FE& ML @BREFRE RN # IE Harland e al. . 1989 Cenomanian FLAARATAFHAR
(2005)  [FREE 90.5 ~91. SMa 5&F U THTHR v Turonian f#_F¥5
AT R )
S e A Gradstein et al., 2004 Cenomani
(2007) HIVA radstein et al. , enomanian

o+ HIEHRE(1999) BRI E (L DARRRYH I 0 H SR A MR LA FR I A NER, AR RaR I T E MR AR

G2

OMEMIT ZRETRE MRS ER(L¥REE,
2007) o BRIEEVTREF BOMZ AW WA, A M T A IR KTE
RLAVRAT (EBEIR,2001) o K (VR FASMBRE AN kLB B
FEXRFHAR G AV RESHERBIEM, X BN
KERE XA THURHERERE,
523 KRB RES
KUvE G H-E YRR R BRI 5 IR a7t A R im
it BEGIEREMER— EHA N RINT A TR RIR
AR HI, A 1 TR E 6 T BV 5 TR MR
Biha A 2 B 1784 ~ 1796m H Bk 1l & L BB =YK
ERTUE N, _BUOUERSIR B— 0 8 R G
(BAEY ) B, ERT RENEYRKE, SEA T RUKE
TR LA R IR & Y A IR 8 5% (X107 % %5, 2008) .
HOLBAE B () MBRIR B A T RE A M T M
RIFARA, XEAA - EMEE B ERINE TR R
EYIBKMREL AT (FE) , BE T BB 1E R I8 LT B 1E AR 2,
TR A A& B SR EN R, M A4S EMSB RO E
Z B,

5.3 XFHLOAERE
MFFUOHABRENRNAR —-BELRBEERRE
B(K3,EK4) . REFERBELEDUATHOTREE,
FWOHRAARFHEAZHEHE Cenomanian #] (FRE
EZ 1998 ; B FitL 45,1999 ; Li and Batten,2004 ; Sha,2007 ) 5
Cenomanian-Turonian i ( M8 52 22 ,2002) ; 14, HAth—sb2f
HiE AR R (K% ,1989) RN L5 4 K-Ar 45
B SE (EBEBRSE,1995) (AR 4F (U IE4E%,1995) H
H HUBRBRESE ) 03 X be (7 B 45 ,2005) SRR F X H
L A BB ARHEATERIT , 18 th A9 4 2o R IR v HL 45 R B R
F I DA% Cenomanian BA3,, Cenomanian-Turonian #1,
HREENEST L4 EHARMNTSZRES Tt
HBS SR T AR B AF R T8, TEETE % (1995) Frillsg
BIBNE I AR 8.0 £1.8Ma F192.8 +1.5Ma, [
Harland et al. (1989) #) #b /i 4 35 J& T Turonian #§
Cenomanian #, i0{#i Ff] Gradstein et al. (2004 ) fyHbfR4E R, X
WA ERSB T Coniacian $AF1 Turonian #7, J7 BS#ESE(2005)
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#*4 AAMRERFENE LOARBESERERRORS 53R

REEFLOATR R EMNKREFR R E @M
Cenomanian ¥}-Turonian ] R £k it it £ BRI E R E IE @
1RF5(90.5 ~91. 5 Ma) B #E{L144% , 32 Cenomanian B TR A 5%
WA TR AR A X R, 1B 24 8F 2 %5 B9 & Harland et al.
(1989) Ry HE FRAEFE , 1% B Gradstein et al. (2004 ) i) Hb i 4E
. B WO HTUR A0 A 2| Turonian # 3. 43T
BHE Z SR TH AL ER Ar-Ar 4E§5(H 88.0 £ 0. 3Ma, Xf
BH Gradstein et al. (2004) f #4328 T Coniacian £,

WLAEREEE XS F WL O AT MR ERE LY
EURMZEHREA, LS HBERN RN TRE LB
Poo X EBATAFH R LY 110Ma 24 (T BH
%,2007 ; F R A 4%, 2007, 2008 ; £F # %, 2007 ; B FE 3% 4%,
2008) ,#H24F Gradstein et al. (2004 ) #b JF4EF A Albian 81 F
X TREEAM R LARNER, By Eadmnds
FRALBT T4 A& B AE 8 Aptian 2A-Albian H] (B A A
A= E,2005) , ¥ 5 & B E N Cenomanian ¥i-Turonian 1§
(B34 ,2001)

Gradstein et al. (2004) #t 2 4F K & Coniacian i 5
Turonian .7 [A] B F L84 #54 89.3 + 1. OMa; E frib 2 & 5
£2(2008) Z£52 Coniacian 5 Turonian #2 |8 i) R 4L &£
77 88. 6Ma, ASCHTIN A L& REEAL BB E —BIENAEY
35m BRE BRI E MM ETIB(E 2), AXRFILO
HFRIL R BRI R 497. 02m (& F 18%,2008) ,
DIAARTRR 9 11, SMa( EEEIRSE,1995) , TR ITIR B R 4y
30.043m/ka, FE AR 35m [BILFZ 4T 0. 8Ma, FrLAFILO
H-REZ.ZBRZBEIHNFHREL N 88. 8Ma, FZ EFIME
RORERETFREAMRFRZ BINEAEEZNEEE,

FUEERE . =BS5H BN ARLS Coniacian
0 Turonian 22 8] () FER XS B
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