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#OE  ESMRIEMEFNE S HRAARKEBVIBEFOFRANRE T YE TR
RUEMRALRMREZHNRZEFR AR KRRERBREKSRKBEARE  HER S AN EANE
X,

x@ia HNIABOTER FRELE ODEAMANE FPHEKAR

B—EEEN ERIR F S ML BEER WRESHBAE

ML A A E R RE—F L0 AMPER — ML, H R B K K — KR TTRUE
] 3+ 5 5 2240 04 P A B O W B AR R L (B A%, 1985) . ERXFANHREBEFMLBEF CRLA
MBRA, FRREREERIRIIB. EH (19920) G i kR A K & 204 R F 4T T W1 HFit
FXPEI X BRI R=Z—EBO B FHEREERE MR, TR AZE iR
FHERSEKERAER ETRRTE RS 2308V EAREHXR.

1 UIRERF . SHHESTHHS KT

SIBHMUFRIZMPREHEX . ZEMBE - RHEHFN k- ELHK, R LALE
B2 900m, fEEMR=—MEBRERRILERRME 500m FEHT T HAMNTHRERE. B
1 TERREZERNARBEFRLEMESTEREERLEXNNE. TEEERRER
A 5 R B AR 2 R UTBRAFIE .

HREZTFTREAREKCHDRRBES ¥ 5BEREBHE.ZLRERSEENEL
B ARARREANSBERBRRAE. FNEREBEREBRESFSERELE. S8 H=
*—HEX  AEBARERSHREHRBER, KA RAE - B SR EEHE T &
REEEZBRRERE, AXRAR TRELRGERFESENALR, RACINNRETEE,
FRIVIFEMHE R TIRER. BBASFENAX . AREAFKRAUEA BG4
FE—IF BREBEA - URBRA—RKERNE., AOBE S0, KA¥E—EBEM
T AHEE 28R, B A BRI R LR ARE &4 & (erystalline node) , 5 Mazzulo %
(1992) AR B #1Z BE B 7E 250—400km W KB MDY WAL, BN EEEZEFH MR N
BAAREPREBER—REREX KBRS B KEN Tom, RIFIESES (1992b) FEZH#
R R XA Y B AL K KB TR (ice —rafted deposits) 5E2HH .
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Fig.1 Sedimentary Features of the Sequence Containing Evaporites
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P EAERBRABENRDREBRAATRPERY. EETFRMET , BRLFTEZHROK
—HHBOk A —ERRES T RAEK GO RRGIRAFRE R IR
ETEHH R 45 YRR EEE R R (TR TS B A4 4 W)

BB BESANS: BaFEFHA1: 1. (SrSOORRA%HE , FTEEXREFA ERA
MAFRRRT Y, FAUSHFROERRELBERERD. YEHA. TBARREALENGE
AT, BN ERFSEN. ERAEE— YA FRBAXEE—CER. XFAEE;:
RHEENERMERNFNRERA-FBE~REH . REE WIS R (Atom %) S
=47%—51%,Sr = 10%—40%, Ba = 19%—30%; #iﬁﬁE* Sr E‘Jﬁ%ﬁﬁﬁt}:
(Atom %) P[EE 11%.

SREBTHAEMEENTIT Y EEEFHNEGOKEZE)  GEA(EEINGRAM
BREREOMBEBRIBETHAHRA —ETFHA BEERIVYEFRA HEY BHE
P OERT AR . SRRBILEFENET Y EE OGS . 80 3um, RANHBER, S
ETiatrerah il rgaRAtsdadgd  #ESEAaAAHPEHREENER.
BT B, 30pm, RE AR, SRR G RBRE A, TRERBIERAEX.

2 FERRILEREFHITR BRI R LA F ALK B FRAE
SRR ENRR AR T RERERESCRFARZSRS, LE D, A X—%
BT T HRE 24 FOERABETR ERAMEHEII TR 1, TR EFI T 2.

%1 S5ERSEHENEREDTRYREPREN=1D

Table 1 Element distributions of the mudstones containing evaporites

P FEMEE FHE | | IR % % FREE FEE | FE | XTI

(pg/g) (pg/gd mE | R = (peg/g) (pg/g) wmE R *
Si0: % 41—63 57 7.5 13.2 Rb 100—196 142 33 23.2
CaO% 1.6—9.3 3.8 2.7 71.1 Ni 16. 2—35 25 6.1 244
TFe;0: % 4.3—7.3 5.6 1.1 19.6 Ga 17—23 19 2.1 11.1
ALO; % 13.9—17.4 15.2 1.4 9.2 Co 14.2—22 18 2.8 15. 6
K.0% 2.4—4,2 3.6 1.8 50 \'% 72—125 84 25 29.8
Na,0% 0.9—1.8 1.3 0. 32 24. 6 Zn 84—156 112 22 19.6
MgO% 1.2—2.2 1.8 0.31 17.2 Y 17—62 33 20 60. 6

Ti 3123—6013 4314 723 16.8 Pb 13—33 20 6.4 32

Mn 421—1339 616 260 42. 4 Cu 16—34 23 5.6 24.3
Cr 36—65 51 11 21.6 P 343—1073 651 238 36.6
Ba 249—629 396 118 29.8 Zr 115—231 191 34 17.8
Sr 224—485 287 119 41.5 S 0.1—119109 21360 35545 166

BE 1 AAHPEMBFFHRLRHAT T RERE. BERHE 10—60 B . BHE
THREEAFWEAENESRAG,SHH ™S, RAMKARMARZAFLLTE 1AM,
REMRO AL TH 2.
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2 5XERBEXEVNEREHTRE/EXFEN=1D
Table 2 R—values between elements of the mudstones containing evaporites
gt X X HXZEE i X M HXEY gt K HXEH
Si0;—Ca0 —0.79 Al,O;—Ga 0.75 Ti—Co 0.74
SlOz“S —0. 75 Aleg—CO 0. 73 Tl—zr 0. 81
CaO—2Zr —0.9 K;O—Mn 0.91 Cr—Ni 0.91
Fe,O;—Rb 0.78 Na,O—Rb —0.82 Cr—Co 0.77
Fe;0;—Ga 0.93 MgO—Cr 0.76 Cr—Cu 0.73
Fe,03;—Co 0.73 MgO—Co 0.78 Rb—Ga 0.73
Fe;,O3—Pb 0.73 MgO—Cu 0.73 Ga—Co 0. 82
¥ to.n=0.73

3 ZRIRE WL IR RIS E o AT

3.1 FRFRZEHENRMLERITEL K

HEREBEAUH (EBHUEDREURTRABETAERBEY Y@ OERAT
M AXNEREBBUREBRIEMRESEE, HABRV YT RAaTNERT RSB
ZH.A—HE.REERAHEERBENETHETREUABSRERKTHE G BRI ELEY
SRR, AE RN D H LTI BT SR, FIL L 18 B LA R GTRUAN £ oot , 8D R aE
BEH B TERRAPHBRARE "4, N REXRREFAURLERLBFHEKTRA
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Fig. 2 Distribution diagram of §*S in evaporites

7 B BT L ALY B AT LI &R

- BRYYERTRTRH.

BRIV EAGRARBERBAEN
T T 05 8 E bl /DB K B T MK IR 5 R UL TE Y
EXMERRTYEERAARNLAAE.OF
mA— R A - REL:QE@EAB—F
BE. MaESERARXREARFLE. UL
THREERERSHH: K, (BaSO,) =1. 1
X107%,K,,(CaCOy) =2. 9X107%, K, (SrSO,)
=3.2X1077,K,,(CaSO,)=9.1X 10" ; HE F
ERREFHFHTED R Ca=27143pg/
g, Ba=396pg/g,Sr=287ug/g(WE 1) . (JLIFE
W, BEHEBaSOMBERER/.MCa &
B . T %A F P Bt B 7t BB
BESA,Cat ERHTFRCO; HABRYT
RA,BERRAMY SO B S EEBKRTE

ABEERA - FTRA - REAASD, TYHERRE(RENHRKAERG>T#RA
>REH .Y B HZH, A RPRBFEER Ca® HKK S5 COI™ f1SO” ZERTH/AMA
O TRAAS RN RSP B’ (RSO RZEH THY, W E Ba® (K SrH%
REEREERERE (RXER) W Ca®* REER T RG: FUGEASE5EAA K
REARE FAXYRRET WA G TLERE LRTTRE AT HH —AHE, W TR
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B RPEERSRITREBY .
3.2 KERFALHETF pH=9+.Eh=40. 1 -5/ IL x4, M H$ SO~ F0COF BF
RENTHBSRKZIE

HERRESLEMBEMTIT WA S, THN L S0 M4 TRE R pH=8—10 HB#HEX
%, BASERLERNETEIEN T YAIRA RRAGHFEMNG, THREGUR BafE
+EFHARNE FRGURKRAE T . Hay Q7)) BIE T RHAF LB A WP RIRFEA
ARF R RER, ANARGIEABRBASET2F LN, HL R TR E G HABME H
BB R, MEXERA TN pH=8.9—9. 9, Andreason(1992)f5 & , MR HEREE
Mg BBKF RS, FERREHEEM pH ETERH , T BB R e ERUR RN EH A
LIRS EEE B TE A RENZEW BN &# 4 RE pH EREK. ER &I A 158 UENL
% pH HAGHEIBR . FBMEFRAFEFEER. $EAXHEEM LTV WAHES S LR
BRI, F AN ER IR TIRA TS pHEN K 8—10. B— Al , AR SFEEBRK
BB YA B S M RE pH EIFN K F 8. 5OR#E CaCO, BWRE—BE ML, Y pH<
8.5 B PSR BE BB X E18,1980), 1EE LM A R RTINS A R H pH HNTE 9
Eh.

RIETHHEEFRN R EA (Eh)—pH BEIEBRS,1979) T Hl, 4 pH=91#f,
AEFIWENAE —TRA—REV T YWASER T Eh=140.2—0 WHELXE.

BEAXZERLTYWIHEA G X RZMTHEMN R pH EH, AR BUERAMR P B FHBR
(& 3.

%3 BABENETRTARGESHAARLER

Table 3 Comparison of palaeocurrent contents with modern environments

w4 HRAT T HA AR |
(mg/L) &R ¥ o4 R T P23
CO§~ 254—58100 31227 34587 102 18
SOf~ 468—9960 3354 4018 3084 2688
pH & 8.9—9.9 9.95 0. 41 9.0 8.0—8.3
Eh (V) +0.2—0 +0.6——0.4

% :a 3 Hay(1978) ;b IBEXHIH (1989)

Hit@EIBMT .

(CO%} )=Ka, » (HCO; J/(H*J=1.7X 10 *mol /L=102mg/L
HERA —TRAAGTATHREFHXRER:

6D

Ba®* +S0:” =BaSO, K., (E&A)=C(Ba>"J(SO: ) )
Ca**+CO{ =CaCO; K, (HEA)=[Ca®*I(CO: ] 3

oy _Ku(@&F) | (Ca™) |
ORBR®ORB: (SO )= g « gy + (0P @

=0. 032mol /L =3084mg/L
(HRXP Ka,=5.6x10"",pH=9,(HCO; )=0. 034 (F#fuF1 CO, FEW K 0. 04mol/L, Y4
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pH=9 i} HCO; 4 80% + GRH JH,1989,p35)).

(DRF K, (BEREA)=1.1X107", K, (FEA)=2.9X107°,(Ca**I/(Ba**J=K + 68
(HF 68 REAFCa 5 Ba T B, BE 1K\ ;K & Ca/Ba HEENRARP SHY S
AFHHAIRYE HAEERA 34 MEGMRERBIRRIBH LR, #E K=7),

3.3 FEFERETRNWBKS SO~ HERISH

AE1HTREFE RRLERERERBEETH, AHAENZ FIFEHE=ANF
FRREMEFHNLEZREREST . RLZE L THRREFRESEN, IRAERFRELRE
MIERMAESRE. AMEENEFPRERLEHBHRARTEENEYE . XKEW, T
B ERAHN A YREANSBEXAEHLBERAMHBA T  EREVIRIERX —Fe il
SR, R ,SO BFMHEBREERFETTERSETHIERR. L RERE
Ay SO MR RERETR.

MFE1ME 2 YR E A RAX — .8 19 Ba.Sr.Ca FEREREMEEH
BTFEEFPHEREABESHERRGR LB EEZR (Ca MAHAMRERER K, TS
EREBRAR) ;T S WARHFLEBRASHETTEARR. RE S>3000ug/g A ERIILA,
MERETESBELHBXE, £2 B7R,Ba.Sr.Ca ERRETIHHETFALES TREM
RERIIEEHRHER)  ERLBBR TFERTFREN“BYES"P. Y ERERA, TURMR
F# Ba.Sr.Ca FHE FHS S BMHMERE , REF R H SO~ BB RERLTIR,
3.4 ZRZAID SO FARFHAFEA KR
3.4.1 B SO HEERFA

Holser 1 Kaplan (1966) ¥ B A SOi~ 2 AWK OERKELE BB O“Sk =+
10—+30), @K IS B (3*S%o= —10—+15), @ F B F R & H &AL 3*S% = — 40—
+5), KRS RK@*Skh=+3—+15). B. A EEM 1980OZT T HA ZE MM XK
KA SO ; H SO & &K 1. 3—18. 8mg/L, FH{H =5. 3mg/L A ¥{H =2. 3—4mg/
L ARMERE =3. 96 X AR MEME =742 5 8"S%o = +3. 2—+15. 6. FHH=+7. 7. ¥ {H
=+5—+7. 3 AREME =3. 69 MXHREME=48% . BRIEFSHAKEKNFFALRA
B RBK ELX 3 —H X SRR AR B SE B MR MR 2 /DT 30% . AKIEBIM T
BRI R ARA BER W, BT L 7E S ATHY) HUR BT — & R K SRR K o 8% S%0 i 28 4L 75 B L
B/, KEREKGBRE 5 FE AR AR K BEFF S S ARFRME KN =72 —.

3.4.2 AREEIH SO AWNERERS

RERTAMXBEEE TRENESBEOTFRE(ERES,1989D), HELR
=B ERR LM BEYREX K ILERARRES; UK SO FEXE KK
Bk, RhRT 28 B2 PR ELC—PRERFERKLSE) . EXWHFREBRM
%F 107—100Ma( EBEIESF,1994), ZEXEEB M LRBFGIE SO M E AL R A BN 2 AHR
BEM.

HE1ME2 AR, ZXMREAMRAREE =N HEFE. B HEHEX:HE,
BAERHERNE, =, RPE=+8%—+9%.

@ 75—54—01—11 HEFRRE BRI FERIBANHEBNIRHREMARR"(ERE. NHEA . ERI7
%
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BRIE 0L 3K 2 A0 B9 B Ve A DU A AE R P68 S RABW A EERE — M IEAEK. 4
BEAL -+ BRI MR R AL, 8%S B XS AR (L AT B3k 63% . IRIBMFE (19920) WA R Fil# K
HERTHER . ZHESBRRHTIRB Y TE, - FEASAKTEIE S HEl
XERHEL, NRELSFHIEERE, F— LEE+8%—+ 9% (EERBEEERTF ) 5
ZEEH+H13% MUK (EERBEKREFS. E—EEHEERPEKY ™S HEN
(+13%0—+17%0s A +13%—+15%, & £ , # Richardson and Harry,1989) , &[5 B ¥ K £g 8
S=15% i, RF\ARKIEKEBKRFALRARN X R, HRBRIARKIREKY 8%
S AE+5% %A . HiTFE 2 BEH +8% —+ 9% B FRBIKS K 8%S, BT LUEE A
2 B WBR R RE B K S RRKFLE B PR IB AR AR .

t/s
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L il

P l//i | am [ f &R | <= |8l (oo o|hanEN] — |amnuw
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Fig.3 Schematic diagram showing evaporite sedimentation and origin
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VRE EHTHRE) PRFIEEYS/Sr WEREAERZ MR EY — (LM LE, &
REAE 7R 57 3 2 B fk R 049 IR 06 R A R B LA A A AL (Faure and Powell, 1975,p31), fE#
(1995 11 MERKEHERH Rb—Sr FRNANUSER AT HR=—WERELLZMIHY
Sr/%*Sr=0. 70713, 5 FE AWK (¥Sr /%Sr=0. 7071—0. 7077 ; Burke , 1982) 22 [ {if B H A Y .
XA R EA R A FSEAKRE.

4 R EOREER

BEAXFRBTRSAR R G REGHE R E (Warren and Kendall,1985) i # %
& £k (Anadon 4§, 1992) F1 3 i i 38 45 78 & £ (Andreason, 1992) X b , ZER R EF . S &
My YA ST IS SRS EHE P FERBARTFERLHEL. RE LRMAR
HAoE&RURGESBEABHREXRR, HESHXHAEMA TBER T ERTIN
(ERBEE,1989) MEHFNAXXBRLTRT TR RENEBAREEERZTRBE.ZA
WP EREMREBEFRE  HIOEE THEARRMARERAME K, BEERAEEK
HMHES & UTREE R (E 3D BEFRPRAAS S F - EHH .

5 iR EER

(OARFABEHRMER LR RIER, RN FHREAREEBENRMESE
B (K. H. Wolf,1980;B. A. ¥ B4E#},1980; K. Purvis,1992), AR ZEEZH WRTRE R
AL, AR IR R R AL RAR

(OEEER R RO R+ LB ERE FRRAT Y GR& EATEST) . BTH
P E?S A SSFBHENYRRIRES. HEHTTERANREE, XXMHRLH R SEWA
HRRER. F— Bk HEFTRBTASHRERRANZETFHENOIEAS FFUUE
PP ALSIEREFRENFMVRBEIR. XHAEHEERER AREEALXETER
FEFET Cu, 559 H WEBREX, AINX 58 R RET KRG HE 5oum HEKIEAE
(IR SRE R EMNRBREEREAE R . B2 /EEHE TASHRALYHERE
BRFETRFAL R

OHELHERMIL 0S=+8. 5%, FHIMKH 34S=+15% (W 3. 4. 2 ¥), M HH 4
KZER LB AKBERTS W) EREFERAT 2 (WORHH Wy : We=0—2.6, (BhHEERT
BEE WuX15+ WL X8.5)=(Wu+W, ) XS(HEKLL),B W, : W.=(3S—8.5)/(15—38S),
B 85=8.5—13. 2,8 Wy : W.=0—2.6, RHLAIRERPEALML(E 1 AN EBEIR
%,1995),

WHRAMNEFERMEE R (EEIES,1994), TR 6 6HR 4 5% 105Ma, 103Ma
102Ma, 55 Albian HB A€ BREFHE _EFAAE X RY

GIARXMERERHBET SIB AW EAEHRER MEAFLETHTFRITE L R=—
VU Bt ot S 2 o B e N AR BB B B, B ZE A AR A Y B A S T E R BT 1k, BT
UAXHMHARBERRA —ENEHEE L.

(6307 5 1 oy WA JE TR M3 B W] Bl (E B IR, 1992a) MMM T S M 7E H PR B
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EATRERAUT 245 R E # R & R M9 R bndir JAM , ZEK SR LR T R BN RALY

SHAFEM(—ERRK, —2EBK) . ERRFR LR UFLERAAILENHEBER S ITR
(Purser,1987),

£ F X M

(DERIR.ERR 1992, BRI EMOAFLRETUS B SHNGEEF, XM KR8, FHEPH IR, 265—269,
(IERIR. AR . IR 19 AZLERHEFAURFRNEENESHRARAB M HRLEREREN X HA
JK,13(3):124—131,
CERIRA/NH . ERRE, 1995, RIEMEZLNRUIEEFAHBREFHES B/ R RFHRIRLEIDTE BH
HHE,15(4):14—20,
IXEER, 1980, FUBRA A%, LI MUR R AL,
(5D M . FEIRIR . TR, 1979, BRb %, JE R B H AR AL .
C6IRL/EE . EBRER, 1902b, KBTI G & % W H, 5 b 3, 4 1, 35—41 3T,
(7ORE/poE EBRER, 1992c TIBEEM T HIHHN, KB FFREMR, 22,6771, -
(ISP Ty . K57, 1985, AT A M SAL AT A 4 R X VTR A0 0l A T M A A M R (B T R %), A M
Tov Ak, 26—34 5.,
COIRATLBH 1989, M e ER AL 2, JU IR - B HH AL,
(10JAnadon, P., Rossell, L. and Talbot, M.R., 1992, Carbonate replacement of lacustrine gypsum deosits in two Neo-
gene continental bsins, eastern Spain. Sedim. Geol. , 78:201—2186.
[(11JAndreason, M. W., 1992, Coastal siliciclastic sabkhas and related evaporative environments of the Permian Yates for-
mation, North Ward—Estes field, Ward County, Texas. AAPG Bull. 76:1735—1739.
(12)B. A. # BRI L. H. 8 25,1980, BFE AL R ABRALF (RWIF) AL B IR,
(13)Hay, R.L., 1978, MiBEFHBARHRE HRIR) LR HEH R,
(14)Holser, W. T. and Kaplan, J. R., 1966, Isotope geochemistry of sedimentary sulphates, Chem, Geol., 1;93—135.
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(16JPurvis, K., 1992, Lower Permian Rotilegend Sandstones, southern North sea: a case study of sandstone diagenesis in
evaporite—associated sequences, Sedim. Geol., 77:155—171.
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Evﬁporite Origin and Its Palaeoenvironmental Significance
of Quantou Formation, Songliao Cretaceous
Nearshore Continental Basin (NE China)

Wang Pujun Ren Yanguang and Wang Dongpo
(Geoenergy Department, Changchun University of Earth Sciences Jilin 130026)

Abstract

The studied well of S113 is situated on the Sanzhao downwarp of the Songliac Basin. About 500m core
sequences containing evaporite of Quantou formation ‘(Albian) in the well were systematicly researched and
described in their sedimentary sequences, structural and fgbrié features, mineral associations, as well as ele-
mental geoéhemiéal énl:l isotopic characteristics. According to the above studies, the authors concluded as fol-
lowing:

1. The evaporites which are mainly anhydrite, barite as well as celestine and gypsum have two kinds of
mineral associati‘ons and the cementation order of_ the minerals ought to be barite—calcite—>celestine and cal-
cite—~gypsum (anhydrite) respectively, which agree with their solubilities.

2. The palaeoenvironmental conditions were pH=9, Eh=0. 1, SO}~ =3084mg/L and CO}~ =102mg/L,
which were the contents in between playa—lake and marine water.

3. There were two sources for forming evaporites — — episodical marine water input and continental
sources which were mainly composed of meteoric water and oxidation of pyrite from C—P shales and Yansha-
nian igneous rocks. The rati6 of volume of marine input to volume of continental input lay between 0 : 1—
2.6 1.

" 4. The ‘marine water input became significant approximatly during the period of 102Ma, 106Ma and
107Ma, which agree with the Mid —late Albian eustasy.

5. Formed in the arid playa mud flat or salina, the evaporites deposited near water table. And the eolian
effect could occasionally become significant.

Key words : Songliao Cretaceous evaporite marine water input palaecenvironment condition



