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Table 1 Comparison between the autogenic mudstone and allogenous mudstone
on mineral compasition

e

ENC BT %) WETE| A % | 6| RO | AR | BET | EHT
fiL i
[ T B 7 408 | 108 0 235 | 3~8 | 52 0
F yhEtEYe 479 19 55 2.5 0 0 58
v A IR U 547 | 158 42 is 0 38
= SRR T 72 54 32 12 0 0 0

[ — 2 L PRI S A C o P B R G I , SHIRET YR F. DIFEEA. H
AELLUT =2 A7 T BR g AN [

(1) BEREEBEY  ABENRERBT B EER, —BHN 10~15%. A ILF
TEMBETYAEMAR, AENELRERKA. SMEERARED Y& E T SX 25~
40%, BRGS0, REMHKEMKAEZRE 5~10%.

(2) BEREEEY AEMHRARRESRES. U FREERS R B 25~
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FHERERNSHEY, MEBRLHERT, BETESNLA.

3.FYHILISE

B LR & BA TR SHRO], ARERAS PRI S E—BES, U=&
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j”l}lble ) ;2 Comparison between the two types of mudstones on kerogen component
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i A : : :

24 WEMEE |83 ~974 | 0~63 | 0~07 I 83.1~97.4 | 5.1
F SRR A 37~123 | 47~123 | 1.7~53 o, 45.1~75.6 | 0.49
124 P B 773~89 | 33~10. | 0~07 | 1.1 | 746~874 | 162
th SRR & 40~51.0 | 26~673 | 2.0~623 | WM. N, |-59.0~334]| 0.77
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Fig.1 Kerogen component of the autogenic mudstone and allogenous mudstone.
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FHRAER—%. W= TRLRENEHE-BRY (I1,8)., =R MAE. BRAS
UFEERANE, MR ERBEROE 45%. BRRASHEREHAGHEYS. DUTRRR
TAHBER (B 1), TEHMEHEE P TERARSEEAKR, BEBKBHERES N
X.

4. TTRIBIR{L

BKERE S Fe. Mn. Co. Ni. Cu. Zn. Sr. Cd. Ba. Ca. Mg. Li. Rb, K,
B. Na % 16 HOGRARHBERD FARIEN BECR 3), B850 04, ERRE I

%3 FERMBSSEMALERETESR

Table3 Element content of the two genetic types of mudstonesin S; member, Dongying Basin

Mn Zn Sr Rb B co Ni Cu Li |[Sr/ —Iiib/ Fe/ |Fe/ |Ba/ B

Ca | Fe |[Mg| K | Na 2 5 _,| Ba L ” 3 . ,1 - h

x 107 x 1077 | x 10 X107 x0T x 107 [ x 1077 x 107 [ x 10| Ba | Ca | Ca | Mn | Ca |¥

MRS 14.85(3.53[1.32(2.07| 0.8 | 3.39 49 [A36 1676 775 60 1.84 | 517 | 345 | 298 [0.64| 1.6 {0.7011.04[1.40 (14
ShIEAI{1.31(3.0411.16(2.54[0.93| 256 | 6.01 | 249 [6.93| 9.65 | 50.6 | 2.04 | 5.63 | 3.65 | 3.18 {0.36] 7.4 [2.32(1.205.29 |13

AWE | BIHIE

ARE|11.9(2.7411.24(1.18 (046 | 8.07 | 5.24 [ 7.5 |44 | 476 |52.54 | 2.1 486 | 3.35 | 2.1 [1.70] 0.4 {0.23(0.34(0.37
SMIRAY(1.22] 4.0 |1.05(1.91{0.65( 3.52 | 11.87 | 2.3 |8.25( 7.66 | 60.814 1.98 | 6.1 40 | 3.73 |0.25( 6.3 |3.28(114|6.76|6

(1) HmRERYE QRARAKNMIERRY, ALRERE (H2) HXRBKYA
0.8 4k, HMB PR, MBHXREN 059, HHEmPAMERH, BRAE—HRELL N
AR SHRPEBBL RS, BIAMRTE S, M _HNASELUZTUE, BIARMENR
HHM. fthT R FA ST ERNEA N REARIEE T HERERYRERA
£, H—LaNE2ETEKHA, FEMXRE0.85~0.90 KFL, ¥ IHNDHHATEA,
HRPRARFER D FAREGEOREE (10, 11, 12) FEZZUZRSA (9, 13, 14), MM
RETWBERARFHBBEHFIHEY (REXE=HD).

1 0.95 0.91 0.8 - 0.82 0.78 0.73 0.69 0.64 0.6
* * * »* *
S ——
12 —=—1-1
10 ----- I~——— - 1
9 e e [-=--1
13 ————m——— =1 L it e I
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Fig.2 branch diagram of Q—cluster analysis
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Table 4 Geological interpretation of Q—factor analysis

HaS FHEFI LFATFI AHHAR A -F 251 REAER
01 0.287 —0,116 C 1
02 0.294 —0.227 c I A
03 0.872 —0.022 C I %
04 0.551 ~0.013 C I "
05 0.679 -0.290 C I
06 0.661 0.135 C I e
07 0.688 ~0.080 C I i
08 0.773 0.181 C 1
09 -0.000 ° —0.587 E i 5t
10 —0.034 —0.823 E I “
11 -0.026 —0.781 E il ﬁ
12 ~0.013 —0.723 E il "
13 ~0.035 ~0.703 F 1 w
14 —0.110 -0.722 F I =
1 0.79 0. 58 0. 37 0.16 —0.05 —0.26 —0.47 —0.68 —0.9
Sr 6 -1
Ca 8 -1-=1
Ca/Mg 18 -——=1-1
St/Ba 15 ——=--- [----1
Mn 2 m——m—me o [[-——=— 1
Mg 9 ————e-—— 1t e ittt P U i
Co 3 mmmmeemm—em— e o - 1 1
Sr/Ca 16 —=1 1
Rb/Ca 17 -=—1-1 1
Rb 11 -—-—--1--1 1
K 12 —===1 1 |
Fe/Mn 14 ———=l=-1i====1 [
Li 10 =————=- 11 1 1
Fe ] —————— 1 1 I
Zn § m—=——-- 11 R 1 1
B 13 —————— 1~=-1 1 !
' Ba 7T mmmmmm e e— e ] | e e it S !
Ni L I T e 1

3 REEKERE

Fig.3 Branch diagram of R—cluster analysis.

(2) TEHE REREGSTEREBXREUDNT 0.16 B 18 P TERTE HLMHE
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B. Ba, Ni. Fe/Mn. Sr/Ca., Rb/Cal (& 3) .
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Fig.4 Factor score diagram of mgjor factor on elemcnts.
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¥, B, Sr. CatkFHtffE. HBESENHEEN T Mn WEERE. Sr. Ca. Mnfk
H2IEAHXRXR, HE4REE N, X INCEERM X B IRE AR R 8T G 1
HE(I®, Sr. Sr/ Ba HAENELEHIR. Hit, Sr. Ca. Mn A4 K&H Sr/ Ba WA BN
TRV ETE AT WKL R (G 15.9%) . pH fHECK.
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Table 5 Comparison between the two types of muastones on the
proprfiesof geophysical log and seismic parameters

8 3k B e e

~ o, P

e = o Q'm : us/ m B m/s
ShEr | R K m wom EEE
OB | RE2 2~4 300~ 350 PHRER 300~ 2800
" . BEE | ® M@ R R
7 RETH >10~20 400~ 450 REAESR 2500~ 2300
Aiﬂz 3
* I o~ . B
- BRI 4~10 250~300 BER 400~ 3300

. BREFERALIE

6.5 EMAS Si#ik kR

WA B EHORNER, MEXRARNLA; BB MEDRBDARRZ, (GH
5B SUE R _E A BRAR duR G SMEN TS — A S ERBOKAEY L, wW
HEEREAKEOMERS. HEUES, LEN REKBEREES.

=. BHERF

ERBRI S IRR M S 2 R RV TR TR B R R A TR R, TR |,
HE NS, KETRSEHEABERS, . #ERER. mERE ZAMEEHES R,
H— RN B TTA AR MR R R A e i e B B 7).

(—) BRRER

AR LA 3 AN R B T 2 5 R BRI TE W LR A TUBVR . —FR a4/
YR (EERMPRRE) WK EEFAEKS, ZHEAMXY . FETEOMREHK—
WOKBPEEAR Tk (REEMER KRS . XA IR R — R r i fUE F 2 e
FULRAE R, BRI 22 Wk B emm (RE. S48, 2ZH%) o
Bl BTRAA SRR s Y TS PR Z O MRS . s R R R R E, ]
DAF i, WIEHREPRRBIUE, 800, FHBRITE R SSRGS #E B I E RN
B,

BILATRET 2 MUTRAEE, GFAME. KA, EERE. BOKRBUKHIH
%, REREERELFEA - NEREME, HRAKREFRTE @AZEHE). RER
ERRA A T . BRE A A IR B R K G I B SR T T T R
FXTRE B B R R R K R h . REAMBIUANEGE, ERNOMAFREE, 28
ARG R CFH7%EH). BRAAYRRZ REERTHEH (FYs%iEf) HERHE
TUETE BB TAR 2 K FL A BRI SRR AR A, TS A AR 1 2 F0 ) SR A R i 348 P A K 5
FHER., AoRHENIRRERE, KREWNH TRERMER MBS RE2E LWL T
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DUBUEI, UK R ERAR, MRS BRI RTINS E0Y,  oRse )
AR e, Bt A BLUE R SUIE R A DAY . ARERJAA, MIASRIE SR KA IRL &
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Fig.6 Lithofceics types and scdimentasy rate of the middle—lower part the S,  member
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HRE A R E AR - ITERER RS R TS R R A SR T8 R
B, MEY8.25mm./ T4, JFH N 38mm/ T4 (B6), XURHETHAIEIRUE
AWK, SRAZRESEF WAELRE LB EME T8, A4 BeTHE, R
FO T IR ] . ‘

BWEBRRREERBEBRAE RN ETESMHLE, PEEHELR, —BREK, EEFTE20
~30m, SET=RAEMEARMLL, BEHETR, AIRASRERK. REHFEHFE. G
BREER (FEH 1.6%. BE2.2%) KOFHaE L EEy LR\ HEE R TEFERE, (HILk
ZOHEPBEEN. KRBTSR, FENLABAURRS REEDSSE SHIERH,
SPRFETERABAK S ERROHEE, BRFUIBERESRT AE VR AR, 3
Emﬁﬁ,%5&&&m/$$(ﬂ@®,ﬁ%?%ﬁﬁ%m6~m%;%ﬁﬂﬁﬁ%%
1.5~2.54%, HEit, HS9RREBEERTHARERTR, BRBY SKEEUTERTS
B8 FUAIREE —ES8) MHRE, MRIERE RV WERT 2215
SHEEKP, AEFHAEAFREFEILIE (Maynerd, 1982).

B ERA B K PR R A EEOMBYEHER, SREEHXESHEIR
Fpi, FETBERAMEERE, BHitt, XXRWEFRESHYHEYE, L% LYERBFTEE
BABIR G KA R (B, BE. pH . Eh %), FRYREMNERBEEL
SRR T EEKE.

- (Z) WERER

AN IR AR TR AL ERE. ASYRIBE. BRTEEWIRE, AES
HEEIE, XEREHERENRBEHIEN, SHEREHERE, I TR, HixkR
FRWNBZAMBRER. MERARZNGH. WESERFFEER T H#HZE S5
HEFEREHRPHIRFABEE K.

LRSS

WA RRE FEARTLERE S AYSHREE.

(1) BEYLRRE HWECLETN, SFLERELHEA T BRFERETH, KRS
HTHPSEEEMERALZR. HESFHERNENTAITEARL 4HEFER (B).
SRIREM L. 3. 4. 5. 6.

ORBEERF. BE 0om £fH. ZEFHINMARERATW LA QRAE
B, #ARAER. HREEE.

QEAER WMPSES, TENEMDR, W EEEE, SRR ERBE MY
82, STRERTEM, ERFKELEE. BRER. REQUR. ARHEE.

BRE B HEESES. wREESHE ARE, AR LB REMMBESR.

* PhEEL. 1989, 4 B HW B, FEBMBRS REFE. FER T,
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Fig.7 Four sequences of muddy rubidite, Dongying Basin
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THE GENETIC TYPES AND ASSOCIATION EVOLUTION
OF DEEP LACUSTRINE FACIES MUDSTONES

Deng Hongwen
(China Univerity of Geology)
Qian Kai
(Geological Research Institute of Shengli Qilfie!d)

Abstract

The deep lacustrine mudstones are the important source rocks, and the significant evidence of
reconstructing evolutional history of basin and tracing the associated reservoirs as well. In recent ten years,
the abundant information contained in deep lacustrine mudstones has been revealed more and more with the
development of science and technology. It is actual necessary to research and use the information included in
mudstones and form the sysmetric theory directing practice.

The research of the lacustrine mudstones in Dong Ying Basin of Bohat Gulf area indicates that the deep
lacustrine mudstones comprise at least eight lithofacieses: black shale, calcareous sliced shale. calcareous
laminated shale, homogenerous massive mudstone, graded laminated mudstone, mmhomogenerous massive
mudstone, chaotic mudstone and deformed mudstone.

These mudstone facieses assemble two categories on the basis of self—generating characteristics. 1.e.
autogenic mudstones, including black shale, ‘calcarous sliced shale, calcarous laminated shale and
homogenerous massive mudstone: allogenous mudstones, inciuding graded laminated mudstone,
inhomogenerous massive mudstone, chaotic mudstone and deformed mudstone.

There are significant differences in six aspects between autogenic mudstones and allogenous
mudstones, such as petrologic physics, organic geochemistry, inorganic geochemistry, mineralogic con-
stituent, palaeontologic association and geophysics. The autogenic mudstones fully reflect the characteristics
of deep lake, whereas the features of allogenous mudstones show that they are exotic to their depositional
environments.

The genetic characteristics of two types of mudstones indicate that eight lithotypes can be divided into
three groups according to their genetic processes. The lithofaeieses in the same group are closely related to
each other in origin, but they are formed in the different evolutional stages of the lake. Therefore, the
above— mentioned two categories of mudstones compri'se three genetic serieses: lake— controlling
mudstones, fiow~controlling mudstones and slumping mudstones. The lake—controlling mudstones were
formed by slow grain —by —grain vertical accretion of fine—grained suspended particles. The direct origin
which resulted in the different lithotypes was change of lake water nature. The autogenic mudstone, black
shale and calcareous sliced shale, calcareous laminated shale, homogencrous massive mudstone, were
formed successively as the lake was changed from permanent stratified lake, seasonal stratified lake with
bottom anoxic environment into fully mixed aerobic lake. The flow— controlling mudstones consist of

turbidity mudsetones and debris flow mudstone. The former comprise graded laminated mudstone which is
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the products of turminal stage of sandy tarbidite and inhomogenerous massive mudstone formed by flood
turbidity current rich in mud or by redeposition of unconsolidated muddy deposits in the shaliow lake. The
graded laminated mudstone commonly show four types of sequences similar to marine classical muddy
turbidite. Debris current mudstone series is chaotic mudstones introduced by redeposition of consolidated or
semiconsolidated mudstones. The slumping mudstone series is mostly deformed mudstone initiated by slide or
slamp.

The association patterns of deep lacustrine mudstones of above—mentioned three genetic types depend
on the different evolutional stages and palaeotopography of the basin. The starved stage of the basin was
characterized by interbeded black shale and calcareous laminated shale with local mud turbidites (prevailing
mhomogenerous massive mudstone) , covering an extensive area. Association of homogenerous massive
mudstone with mud turbidite (prevailing graded laminated mudstone) and debris flow mucdstone occurred
in setting—compensation equilibrium stage of the basin. In the over—compensation stage‘ ol’ the basin, the
litholaeieses introduced by gravity flows gradually increased because the basinal slope background was

formed. During this period slumping mudstone series was of wide distribution,
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