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Fig.1 Facies sequence and fabric of the representative meter-scale cyclic sequences developed

in the Wumishan Formation

1 = dolostone; 2 = muddy dolostone; 3 = dolomitic mudstone and shale; 4 = stromatolite; 5=mud crack;

6 = karst breccia; 7= halite pseudocrystal; 8= silcrete; 9= flaggy breccia; 10 =algal mat; 11 = oncolite;

12 = clotted stone; 13 = ravinement surface; 14 = vadose pisolite; 15= caliche; 16 = terrigenous

sand; 17 = ferriferous clay; 18= direction of diagenetic flows
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Fig.2 Hierarchical diagrams showing the varations in the sedimentary environments of the meter-scale
' cyclic sequences developed in the Wumishan Formation
1 ={ossil soil; 2= dolomicrite with karst breccias; 3 =silcrete; 4= dolomitic mudstone and shale;
5= sand-bearing muddy dolostone; 6= sand-bearing dolomicrite; 7 =silicified algal dolostone;
8= clotted bicherm; 9= stromatolite biostrome. a to f represent distinctive

meter-scale cyclic sequences
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Fig.3 1:4 stacking patterns of the meter-scale cyclic sequences

A to D show the shallowing of sedimentary environments. See Fig. 2 for the explanation of symbols.
This kind of stacking pattemns indicates that an individual meter-scale cyclic sequence should be a sixth-order
parasequence which has a genetic affiliation with short eccentricity cycles (0.1 Ma). One fifth-order
parasequence set may be composed of four meter-scale cyclic sequences, which has a genetic affiliation
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with long eccentricity cycles (0.4 Ma)
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Fig.4 One meter-scale cyclic sequence including five rhythmites representing 1:5 stacking patterns

0l

Lithologic symbols are the same as in Fig.2. This kind of stacking patterns shows that one sixth-order
parasequence tends to comprise five seventh-order rhythmites. The former is related to short
eccentricity cycles, whereas the latter has a genetic link

with precession of equinox cycles (0.02 Ma)
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Fig.5 Facies sequence and fabric of the twelfth third-order sequence in the Wumishan Formation
1 1o 5 represent five fifth-order parasequence sets. Lithologic symbols are the same as in Fig. 5.
The third-order sea-level curve may be modelled according to Fischer’s diagram
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Fig.6 Division of the long-period sequences in the Wumishan Formation

The black bars in the lithologic column represent lagoon dolomitic mudstone and shale intervals.

Litholigic symbols are the same as in Fig.2
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Table 1 The number and time duration of the meter-scale cyclic sequences in
the third-order sequences (SQs to SQy ) of the Wumishan Formation

é?é}é SQs SQy SQup SQir SQiz SQus SQus SQis SQus SQi7 SQus SQue Sy SQZ;SChz SQu SQus SQus SQug

E%E 22 12 29 42 20 23 34 37 43 40 42 33 25 42 40 36 28 39 41

iR
(Ma)

2.2 1.2 2.9 4.2 2.0 2.3 3.4 3.7 43 4.0 4.2 3.3 2.5 42 4.0 3.6 2.8 3.9 4.1

5 4hE

B BIoh RF R AR E FREITHRAEFF H A 5 B SRR R R [ 2 7, R
HHE EETTAIE Fent 15 P A AL AW AR 24 5288, IR LR D LAY L% o Fischer! 2 ZEER N
B =FE R “Lofer JEE", B i ERHRMTE B, W H#— S HRMEREN, ©EhF L
HE—# BCHa™, M ERLUEER TEART —HERORREEAER, AR
MRS TAREE#TZH . FRILHPERDHN-ERPBREMALERF CREIER
EF)UERENERFEMTRN SRR FA, AR T k) B RSV w2 bR
WRIEAGIEEE 7 iR FEEB MR 26 T =427, Wit—2H% 6 MR T
BFEAMFE_RZF, NRK R EEEFEE AR MY, FREGIERZR
ERHEAMBZEANEEME R, AR T ZFRUARRNAFHE S FPAZERR

SE XM :

(1] &2 . —PEEREAEITFIERER(T]. JIBEEH, 1988,6(2) :68—76.
(2] ®2 . BEAYY —REN RS EEX A ART]. VI, 1992,10(2):19—27.
(3] HR,RES VEE . HIBRTERBREBEAHMLEVTRERATER(]]. KEMFR¥RER,1982



1999 ££(5) REBATE AT dr AR WA S AW F LT ER T M5 21

(4]
(5]
(6]
(7]
(8]
(9]
{10]
(11]

(12]

[13]

[14]
[15]
[16]

[17]
(18]
(19]
(20]
[21]

[22]

(4):13—32.
HE¥, REN, TUAS . SEaay — R REMARIM]. JLE R AR, 199.
KRG, DR, TERS | EiuHRA M. bt RBER AR, 1991.
e, JRHE AR, TEMSIE S . ARdbi g b BTl ARSI [M]. JLR SR AR, 1994,
FAE, EWE, TRRS . XM 8RR TEA R EMER]]. rEXEMERE,1996(1) :64—74.
HERAE . BRIREOR BN R 27 i R B R PBIRE[T]. A i BE, 1993,13(6) : 34—45.
MM | BB E SR IM]. $R . SRR B AR, 1995,
WA, Dk, AR RS . R VIAERIS (M]. b3 bR i At , 1997,
GOODWIN P W and ANDERSON E J. Punctuated aggradational cycles: a general hypothesis of episodic stratigraphic
accumulation[J]. Journal of Geology, 1985, 93:515—553.
OSLEGER D A and READ ] F. Relation of eustasy of stacking patterns of meter-scale carbonate cycles, Late Cambrian,
U.S.A.[J]. Sedimentary Geology, 1991, 61:1225—1252.
FISCHER A G and BOTTIJER D ]. Orbital forcing and sedimentary sequences[J]. Journal of Sedimentary Petrology,
1991, 61(7):1063 —1069.
SCHWARZACHER W. Cyclostratigraphy and the Milankovitch Theory{ M]. Amsterdam: Elsevier, 1993.
BN, Mt | b ERGkH A AW TR EE B R (T]. YRR, 1997,15(4) :5—10.
WEH, HER, RS | WL L FAEE E 4 ERMERERT]. BT 253, 1998,18(1):35—
40.
MEA, kR, Ak | Wb ool AEm R R Hat(l]. R % 2,1998,22(2) :102—108.
RENZ . FEMNBEAR[M]. XE: REBAEH R, 1993,
ERL, RER,BRS | AR mEYEAME R A AR WBFR ], sRERE,1995,30(2) : 166—172.
EWY LB . VISR RS FEEE M 22%%5(1]. SR, 1998,12(1):1—16.
FISCHER A G. The Lofer cyclothems of the Alpine Triassic[J]. Kansas Geological Survey Bulletin, 1964, 169:107 —
149.
ENOS P L and ELIAS S E. Lofer cyclothems revisited (Late Triassic, northem Alps, Austria)[J]. Facies, 1998. 38:
207 —228.



22 E O (5)

A preliminary study of the cyclic sequences of
composite sea-level changes in the Meso-
proterozoic Wumishan Formation
in Jixian, Tianjin

MEI Ming-xiang, DU Ben-ming, ZHOU Hong-rui, LLUO Zhi-qging
(Department of Geology and Mineral Resources, China University of Geosciences ,
Beijing 100083, China)

Abstract;: The Mesoproterozoic Wumishan Formation in Jixian, Tianjin represents a succession
of 300-m thick carbonate strata, in which stromatolite biostromes and clotted bicherms are best
developed. These biostromes and bioherms, together with tidal-flat dolomicrite and muddy
dolostone, form circum-tidal flat meter-scale carbonate cyclic sequences with symmetrical facies
sequences and fabrics. These cyclic sequences are overlain by the lagoon dolomitic mudstones
and shales. Generally speaking, three to five orderly stacked meter-scale cyclic sequences may
form one fifth-order parasequence set. Occasionally, five seventh-order rhythmites are-also rec-
ognized in some of the meter-scale cyclic sequences. Therefore, the seventh-order rhythmites,
meter-scale cyclic sequences and fifth-order parasequence sets are correlative in origin with pre-
cession of equinox cycles, short eccentricity cycles and long eccentricity cycles, respectively.
Viewed from the ordered stacking patterns of the meter-scale cyclic sequences in the long-period
sequences, twenty-six third-order sequences may be identified in the Wumishan Formation.

These third-order sequences may also be incorporated into six second-order sequences.

Key words: cyclic sequence; composite sea-level change; Wumishan Formation; Mesoprotero-

zoic; Jixian section



