® Y 1w SZABIX I W BEE £ |

LI FEF | F=5it51H

EHIERTARY PR

. —JI
® I




LITHOFACIES-PALEOGEOGRAPHY
AND ENVIRONMENTAL CONTROL
OF SEDIMENTARY DEPOSITS OF
THE EARLY AND MIDDLE
TRIASSIC IN THE UPPER YANGTZE
AREA

Wu Yinglin, Zhu Zhongfa, Mang Jili,
Yuan Jinglang and Wang Zewen

Chengdu Institute of Geology and Mineral
Resources

Chongqing Publishing House



N T

X BEZMART FHTFAREE PR, =T REaE, &AM e R
W, NS FE b o K ENEE4sFR LB, HEAREE . _%H‘J‘Ej . K
TR EE, AR, ARG EES, RNTERERTHER, ANRLERR
TaRERBEL LR EWE, &S SR ERSORER, BSERET=aEE
&

APEGBITRBER, RIMRE R — R0 R A ENE, SRl THRSHEN
A, BEESETREFRYE LA 2.

ABRERESERE, PEEHAAHESHLENARAGHRE, NHE, &
PR , FmRARBES BN A.

£PHIHF, HEIKRE, ERI2S,



¥

RPHRBEREFRE « LHTEBR, TEAHEM. SRERRARF =8 RS
B> —4. RESHEMFRYETIRETEA LTS, mSSHEEN, H1
BRERBAAER> FENEES, SEEIHTAFERRE, A3 TTRIBIWX
RERERR, LHTFRTF, PEA4LRERENSRSBAREN, FTOER,
FRIfEEEAMSHFRORARBSNFE FERET BERS, AT, EIRESH%
BERATRY LHFET, H58%. ARPOAERE. NEERDHEE, REN
BEARENREAZ—, BERPMESINTR L EEHREFOBRT, EROGINALE
iRk —%,

RIS EENEF N E RSO 1, X BOTFHE— AN MBAKR
RABEN R L, ST RS, BREET, THEABEHT, BRETAENE
b, WERDOIR, EEXN EHFROTBME, FIRER, HEETRA0ER, X
S HOKFFRASTEM, BT ERAMNE, B RANHAE, HEE & RABIEREY
Fsgit, TUUARESERRE, HHEFEORRRESERALEE RHRNR
RGBSR —HRE.

EEXTFTF. FEBERNRTET. RIRTFRNBRBLEOE, NRERLE,
DRGEENERYE, ¥R, RBETEARLEVZATR, BNETHEMENRRE,
FrammaTEmR AR R EFE R BRS04 T 5\ M 50 R0 3R 4%
BEEENAN . EREYXRASHERS O, UCHASTHNTRMEY L&, N
WRBE, RARTBRRERY, 26T —Hd B 5 H o,

feEEREBRERNB AR, CRETHFHEEORE, RERG W HAEN
. B, WAMISHEREEN, BAYRNSEE X, FLMuREs %R
HAMSBERER, BHT EEEHRX, BEREFEOSI, BHEZREBR
RREDE, REEERREFEOEELR, EEREFOVNATEZRRE THAEE
E2EEX.

B, EBRNNRESERRT L GRETRE, REHTSNERR. BRARK
A E R BEAOR BTSN, GImE5RE S 5 thin i T HA0 184 S5 ik,

KASRUAZRERELE, FRNGHRE—ZTH, BAXBEEXLED
Wb EE RS A, Bt M RERE R AR A X RR
X, RREE SH RN —ERET K TOEE, BHUFESERREE.

bUE £
1987412



ABSTRACT

REGIONAL GEOLOGY

The Upper Yangtze area covering an area of 5,000,000km® is a carbonate
isolated plaiform in the western part of the Yangtze Plate,

Basement folding of the Yangize Plate occurred during the Jinning orogeny
(820—970x10Ma) ., Of the pre-Triassic sediment cover, the Ordoviéian, Silu
rian, Devonian and Carboniferous are mostly missing, 1o a few regions the
Middle and Upper Cambrian are also missing, The Yangtze Plate _con.sists of
the Upper Yangtze Platform in the west, the Jiangnan and Jingxi Platform
(shoal) in the east, and the Yangtze Shelf whick lies between them(Fig. 2-1)
It was a minor plate between Tethys and the Pacific duricg the Triassic Its
northern part was a stable margin, the Qinling Sea Basin, which collided with
the Northern Continent of China to form the Indosinian fold belts of Qinling
and Dabashan during the Late Triassic, In the south and west there was an
active margin, which included the South China Sea Basin in the south east,
the Qian (Guizhou) Gui (Guangxi) Sea Basin in the south west, and West
Sichuan Sea Basin in the west, The movement of the plate occiurred between
the Early and Middle Triassic and during the Late Triassic, and resulted in
the closure of the sea and uplift of the basin in succession, forming the Indo-
sinian fold belt of the South China, West Sichuan Plateau and Qinling region
In particular, the movement occurring between the Early and Middle Triassic
had the greatest influence upon deposition of sediments of that age on the plat-
form, resulting in the uplifting of the South China orogenic belt in the east
and tke deposition of the molassoid formation (the Badong Red Bed) occurring
in many places of the eastern part of the plate,

The basement of the Upper Yangtze Platform consists of four crystalline
rock blocks which extend from NE to SW and are different in lithology and
hardness (Fig, 2-3). Among them, the crystalline block in Kangdias and
Cestral Sichuan is composed of separate magmatic complex and {ormed a topo-
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graphical high during the Earlyiand Middle Triassic. In west Sichuan it con-
sists of sedimentary-metamorpkic:and acid magmatic rocks with medium degree
of tectonic smbilit}'v: in the east (East Sichuan, West Hubei, and Guizhou-Yun-
nan) the crystalline block consists of sedimentary-metamerphic recks with
lower degree of tectenic stability and: it was of lowland ia tepography, iz which
there were a few local highlands consxstmg of magmatic rocks, . The goameral
topography of the platform was high iz the west and low in the east, and st
the margia there were some discomtinuous islards (Kangdian) and highlands
(Longmenshan motntains, Zkenba, Wushan, Guiyang and Xingyi), between
which chanaels leading to the inmer shell bagin were located,

Subdivision and correlation of the Triassic of the Upper Yangtze Platform
ace presented in the following table,
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'SEDIMENTARY FACIES AND PALEOGEOGRAPHY

1. ‘Sedimentary Facies.

(R



The authors consjder the sedimentary facies as ancient pll-oducts in a depo
sitiona; environment or as distinctive sediment associations formed in a sedimen
tary environment We recogmze and describe the following facies types-

(1) Open-sea basin (lower slope to basin) deposits

Facies 1—terrigenous-clastic turbidite (Plate [ -3).

Facies 2—-grey clay shale mterbeddad with thinly-bedded deep grey argrl
laceous limestone, contammg open-sea organism fossils

Facies 3—thinly-bedded siliceous ro_ckl_‘or interbedded with shale and thinly
-bedded micritic limestone (Plate J[-1)

Facies 4—nodular lim;:stoge (Plate T-3,4,6).

(2) Fore-platform siopel deposits :

Facies 5—shaly to thinly-bedded micritilc limestone and slab-like limestone
(Plate | -5), '

Facies 6—calcareous breccia and mediumjbedded fine-crystalline dolos"tone
(Plate I-9,10,11,12,).

(3) Open-platform deposits .

Fa_ﬂcies 7—homgeneous, slab-like, argillaceous micritic limestone (Plate
I-1).

Facies 8—homgeneous, medium- bedded micritic limestone

Facies 9—shale imterbeded thh thmly bedded marl, contam:ng shallow-sea
fossils,

Facies 10—wackestone (Plate ¥ -10),

(4) Shoal deposits

Facies 11—Loferite cyclic layer (Fig, 3-4, Plate T-7, -8, X-2,11).

Facies 12—recrystalline-graired dolostone,

Facies 13—cross-bedded, oolitic limestone and sparry calcirudite (Plate I-
2,4,5,8 and [-3).

Faciss 14—micritic limestone with oolitic lump and calcirudite witk giaat
shell fragment (Ph;.te 1-4,6,8,9 and Fig 8-12,16,17,18).

Facies 16—laminated, oolitic limestone with lag layer,

Facies 16-—cross-bedded, fining-upward calcarenite with lag gravel

(5) Restricted platform deposits

Facies 17—grainstone interbedded with stromatholic limestone (Plate ¥-2,
3,4,10,11), .

Facies 18~banded limestone (Plate Y-1,8 and V-9).

Facies 19——cyclic layer consisting of sparry shell limestone or/and planar-
cross-bedding sandstome and flaser sandy mudrock (Fig, 3-5 and Plate v-1.3,

45.6,7,8,9,
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Facies 20—grey micritic limestone and ‘vermiform limestone.

Facies 2'—black marl and argillacem;s limestone with calcareous mudrock

Facies 22—purplé:}ed terrigenous claystone containing euryhaline organism
fossils or interbedded with marl (Plate -2 and F-7).

Facies 23—cyclic layer consisting oi' lenticular or layer fine-grain-size
sandstone with cross dedding, and ffa.ser silty mudrock

Facies 24—cyclic layer con51st1ng of trough and tabular-cross- beddmg sand-
sfone, flaser-bedding sandstone and mudrock

(6) Platform evaporite plain dep051ts )

Facies 25—fine-crystalline dolodtone with monocrystalhue or drusy anhy-
drite, and grain dolostone with anhydrite

Facies 26-—dolomitic mudrock and argillaceous micritic dolostone,

Facies 27—nodular anhydrite and chickenwire anhydrlte

Facies 28—algal-mat anhydrite

Facies 29—swallow-tail anhydrite,

Facies 30——sucrosic anhydrite,

Facies 31—enterolithic anhydrite, saline clay and mudy anhydrite rodk,

Facies 32—laminated dolomitic anhydrite rock_

Facies 33—laminated magnesite anhydrite rock

Facies 34—laminated. calcareous-argillaceous anhydrite rock,

Facies 35—polyhalite rock,

Facies 36—halite rock,

Facies 37—halite rock with K, Mg sulfate,

Facies 38—grauberite rock, o

Facies 39—purple-red mudrock and siltstone with anhydeite noﬂule, ‘

(7 ) Shoreside plain deposits

Facies 40—motley mudrock and siltstone,

Facies 41—purple-red mudrock and siltsfone With calca:eous aouule,

(8) Alluvial plain deposits

Facies 42—continental alluvial cyelic layer,

Facies 43—shoreside alluvial cyclic layer,

(9) Volcanic ash deposits

Facies 44—cl'a}rs’rom- with largely siliccous beds

Facies 45—siliceous claystone or clayey silica rock with an shurdance of
siliceous pisolith I h T

Facies 46—tuflaceous claystone with siliceous beds

Facies 47—siliceous-clayey tuff 'or tuffaceous é]éystohe withou. siliceous
bed,
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Facjes 48——clayey_\tuff,

2, F&cws—Paleogeograph:cal Mapping

In thns boqk there are seven facaes paleogeographwa] maps by stages, that
‘15. A) Felxlangquan (Indlan) stag¢ of the Early Triassic, B)-—-D) Im]mgglang
(Olenian) stage of the Ea.rly Triassic (T,i):B) T,j'—T,# C) Tu --T,j. D)
T,i% E)—F) Leikoupo (Anisian) stage (T,l) of the Middle Triassic:E) 'T,l1
TI F) T,l’ and Q) late stage (Tr,l T 2t) of the ‘Middle Trmssu: (Latest
Amsian to Lsdm:an), a.nd two ones of admmmg rocl; of the mterfaces between
the Permian and Trmsmc. Lower and Middle Series’ “of Triassic, These maps
are plotted by dxfferent mapplng methods based on features of each stra.t:gra
phu: unit and the stndymg pmnt whxch 1s desirous to be emphasized,

(1) The seven mapp:{ng umts are sedlmentary cycles which can be com-
monly correlatable in the platform

(2) The two interfaces chosen have qmte well correlation marks which
belp to do the study of the sed1menmry facies of the isotime surface,

(3) The facies map of the melangusn stage (Indian) is drawn by hori-
zontal projection of cross sections, ' ’ '

(4) The facies maps of other stagé§ are 'plottel‘:l by ratio of dolostone to

limestone and isopach methods,

3. Paleogeographlcal Features of Feixianguan (Indian) Stage of Early Tria-
ssic (Fig, 3-8 to 3-29),
' The paleogeography of'th» Early Triassic was largely affected by Kang-
dmn Island land’ on the western margin of the platiorm, which was the only
source area for terrlgenous clasts at that time, There are the foIlowmg paleo
geographwal subdlnsmns towards east from the island lands:alluvial plam—
_tndal flat-—-lagoon-—barner beach-——open platform—-open sea basin, The barrier
beach’ was of an ooid sheet aggraded laterally towards the margin of the plat-
form from the old land, In the landward side of the beach there was an washo-
ver fan that developed into a sabkha later,

4. Paleogeographtcal Features of Jialingjiang (Olenikian) Stage 1(T,j --T,j")
of Early Triassic

Sedmlents in this stage consist of a shoaling-upward sequence from transg-
ression to regrssion, ended by sabkha During this stage, there were the follo-
wing paleogeographical subdivisions toward east from west: shore51de sa.bkha.( I,
alluvial plain, tidal flat—sabkha)-—sabkha platform (1, lagoon sabkha, a sab
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kha platform progradating towards lagoon from coa,s't'):—:-slloal 1, sl:loa.l.-l-sslakha._)
—bay (N, open platform-sabkha)—fore-platform slope (V)—open-sea basin
(¥W). First, a coastal sabkha plain occurred in the margm of the old land,
Then its progradanon towards the lagoon took place formmg the’ sabkha plat-
form (subdw:.ston 1), which was developed to the open platform by late regre—
ssxon (Fig, 3-30 to 3-36).

5, Paleogeographical Features of .Imlmgj'ang (Olenifdan) stages 2(TJ‘-
le‘) and 3 (T,j®) of Early Triassic

Both the stages are 'essentmlly similar in sequence =aad paleogeographical
framework We recognize the foIlowlng pa.loogeographlca. «ubunmons from
the island land (west) to south—eastashoresxde sabklla (l)-—-sabkha platform
( I )—shoal (§ )—bay (F )—-—fore-—platform slope (Y)—open sea ‘basin (Y). At
first, the Upper Yangtze Platform was a bay (Flg, 5-7). As a result of pro
‘gradation of the sabkha, it evolved into a sabkha platform (I progradat‘og
towards lagoon from the shoreside (1), me_anwhlle ‘coastal salt lakes formed
in its margin, which became playo lakes when thé‘sea'level fell, This extended
the sabkha to the open platform (Fig, 3-37 to 3—55)

6, Paleogeographical Features of Leikoupo (Anis'ian) Stago R (T =T, of
Middle Triassic .

During the Middle Triassic epoch, a great change in paleogeography is
marked by the rise of all the margins of the platform, wluch turned into expo-
sed old lands or an occasionally exposed area of depos:tron and leaching, It is
speccially obvious that the east part of South Chma lncludmg the Jiangnan
Platform began with rise, to form a land, wh;ch was a major source area of
detrital materials of terrigenmous origin, The other evonts whlch occurred bet-
ween the Early and Middle Triassic were the marine regressmn and “volcanic
act:vity A layer of volcanic ash (“mung bean” ) one to five metres thlck was
deposited across the platform and its marginal area "The platform began with
the topography of a basin, it was high in both east and west (old lands) and
low in north and south, with a decline tendency towards north (Fig, 3-56 to
3-68)

According to the sedlmentary facies in the top of sequences, the paleogeo-
graphical subdivisions in preper order from the basia to both side old landq are
as follow:platform salt lake (J )-—-temporary desicpatlon lagoon (I )-—shoresrd(.
plam (l); tl:le subdivisions from the basin to the sea are p[aced as follows:

platforn salt 1ake (E )—-temporary d.esmcatxon lagoon (I )_bay {Is)—-platform
A. ‘;‘ -



marginal slope ([} )-~opkn‘sea basin (V)
In the area of subdivision i there is alternation of marine with* nonmarize
-redrclastic rocks; iin subdivision ] --laminated, -argillaceous dolostone hundreds

of metres thick; in the subdivision J —argillaceous dolostone and anh¥ydrite,

7: Paleogeographical Features of Leikoupo (Anisian) Stage' 2! (T,°) eof
Middle Triassic ' ' )

The platform inner-shelf basin was an open sea at first, where a scries of
limestone containing ammonoids was deposited, It then was evolvad to a restric
ted bey which wounld breake down into lagoons and: salt lakes, There are the
following paleogeographical subdivisions from the basin to the land: - salt lake
(F )—temporary desiccation lagoon ( X )—shoreside plain (I)); the subdivisions
are placed from the basin .to the seas salt lake (Jf)—lagoon - (V¥ )—platform
marginal slope (VW )—open-sea basin (YW[). (Fig, 3-69 to .3-74)-

“In the area of subdivision JJ there are marl and. halite;:ia the subdivision
T —shaly marl and -dolostone; in the subdivision ¥V —nodular limestone contain-
ing ammonoids and brachiopods; in subdivisions I, amd J—red beds; J—
tidal-flat and sebkha deposits with disselution celcaresite or celitic limestone,

. 8. Paleogeographical Features of Late Stage (T.'—T,t) of Middle Triassic
&Fig, 3-75 te 3-78).

. The stage is essentially similar to the Leikoupo stage 1 (T,J'—T,*) in
pa!eogéographical features, but the margin had undergone the late reformation
of diangenetic solution becatse of exposure, This is specially clear in the south
.margin, Where there is a calcareous saad shoal dissolved in diagenesis, simikar
to the loferite sequence, which has been confirmed by us, Previously, it was
considered to be a laege barrier reef over 1000km long. :

There are the following paleogeographical subdivisions from the basin to
the both side old lands:salt lake (I,)—temporary desiccation lagoda (I, III,)—
- shoreside plein (I1); the subdivisions are placed from the ‘basin to ! the seas
salt lake (I,)—temporary desiccation lagooa (III;)—lagoon (ML, )-—platform
merginal shoal (IIl,, I,)—platform marginal siope (iIL).

On the area of subdivision I,, coastal and continesital evaporites deposited;
I, and IIl,—laminated, argillaceous dolostones II—red clastic rocks; I1IT,%lime-
stone interbedded with dolostone;Ill;—calcareous sand deposits of leferite
sequence formed in the shoal; I,—tidal-flat depaosits, -

8. Depositional Models
te k7



The depositional models of the Upper . Yantze Platform have the character-
istics of a continental-marginal carbonate platform, which can be grouped
under the folléwing_types in comparision with the facies models. from J, Fred
Reed (1974, 1085), .

(1) Barrier ramp type. It largely occurred in the eastern and northern
margin of the platform during the stages of Feixianguan (Tif), Jialingjiang
(T.j) and Earliest Leikoupo (T,1'}. '

(2) Ramp-distally steepened type It mainly occurred in the southern and
northern-western. margins -of the platform, at the stage of T f,

(3) Rimmed shelf typeIt. largely developed in the southern.and northern-
western margins of the platform, at the stage of T,j and T,l!, : -

(4) Inner-shielf basin type It occurred at the stages of T.I* to T,l*,among
them, -at the stage of T,I* the basin was of deepwater,. but at the stages of
T,1* and T,I* — of:shallow water,

The eveolution direection of the above types is from type 1 and 2/ (T,f) to
the type 3 (T,j — T,i'), then to the type 4 (T,I* 4o T,l%),

.10, . Distribution Regularities of Terrigenows Clasts in the Platform

There are two types:barrier and basin one,

( 1-). Barsier type, Terrigenous clasts mainly are distributed in the .inside
of the barrier beach (T, f, T,j), that is the Z zone from the model of Irwin
(Irwin, 1965) It can be divided into three subzones comsidering the distribution
of clastic materials in it .

Subzone A:a fine-grained belt occurring in the lagoom; +@ .

. Subzoae B:a coarse-grained belt .eccurring in.the lagoon margin close to
the land. coast, and the lower part of the tidel flat, )

Subzose Csa fine-grained belt occurring in the upper mart of the tidal
flat,

(2) DBasin type, It largely occtrs in the Middle Triassic. and ths: distri-
‘bation of clastic.materials follaws the regularity of the mechanical differentia-
tion: 'fining tewards the centre from the margin of a basin,

14 ;. Distribution Regularities of the Oolite in the.Platform

There are three types:

(1). Barrier oolitic shoal, a) Oolites formed a barrier shoal, they are
distributed in the shape of a sheet with the lateral aggradation of the shoal,
but the thickness increases towards the mafgin of the platform (T,f). b) Ooli-

tes formed platform marginal shoals in northern-western and southern margins

.e:a~o
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(2, Tidal delta_‘lt mainly occlurs_‘fn r_nouti'ls of chapnels between some
.high]ands and old lands in marg:in:s of the.platform, such as 1n West Sichuan,
North- West Sichuan, North-East Slichuan, East Sichuan and so on, _

(8) Tidal flat, It is largely distributed within the platform and in the
regions of East and South Sichqu: _wh,?,{e lagoons and tidal channels developed
well, ' _

The types 1 and 2 mentioned above are}thi-qbbg\clded. and the type 3 1is
thin-bedded in occurrence, .

“MUNG BEAN” ROCK

The “mung bean” rock whose iq_itiai rock is volecanic tuff is a good key
bed for the study of shorte%t-stage facies, In addition its petrologicai studies

are of great Signiﬁcance for paleogeographical reconstruction,

1. Petrology of “Mung Bean” rock '

Alteration products of the volcanic.tuff, the “ mung bean” rock, can be di-
vided into four types: (l)Claystone with siliceous bed at the bottom, ¢2) Sili-
ceous claystone or clayey silica rock with an. abundan,ce of siliceous pisolith,
(3) Tuffaceous clnystone with, few of s:hceous bed at the bottom, (4)Siliceous,
elayey tuff or tuffaceous claystone without siliceous bed at the bottom_ All of
them are distributed in the pltatform in the shape of circles. The outer circle is
taken by the type 1 of rock, in which leached .and precipitated layers are clear
because of sod—forming weathqung The inner circle consists of the type 4 of
reck, ia which leached and premgl;ated layers are not clear due to weakly soil-
ferming weathering (Flg, 4-1).

_ The content of clay minerals are as followss in the west part of the plat-
:form, the area of type 1, montmorlllomteglﬁ%, 11111:3290%; in the east part
of the platform (East Snchuap) montmorlllomte 30% (part of area,60-10065),
ilite 709% (Fig, 4-6). All the changes in content of some other chemical com-
positioa such as SiO, (Fig. ¢-7), K,0 (Fig, 4-8), MgO (Fig. 4-12), Fe,O,
Fig. 4-9, CaO (Fig, 4-11), Sr (Fig, 4-13) reflect the same changing regula.
rities, For the above mforma.t:on we suggest that the west part of the platform
was subaerial but the east was drowned,

2. The Sedimentary Facies of "Ail-joi.ning Rocks 3m Thick
above and below the “Mu_n;__BP‘an;'_ Rock (Fig, 4-17, 4-18, 4-19)

we



_ The facies are placed in proper order from the old land and platform mé‘.r-
gin to North-East Sichuan as 1ollows= I (Facies 39) — I (Fscms 25 — 1I
(Facies 32) — Il, (Faties' 33 and 35) — III (Facies 34) — v (Fscms 3 and
4)

3. The 5°°C and 50 Values in Carbonates of Adjoining Rocks of the *Mung
Bean” Rock (Fig, 4-21 to 4-24)

The results'of carbon-and-oxygen stable :sostope are well cnrresponrient to
those of sedimentary lacies and petrology of “mung bean” rocks, All the resn—
Its draw the outline of the mlcrotopogra.pny of the platform showing three lines
of highlands and depression§ extendmg from NE to SW .Among the depressions
the deepest parts are located in East Sichuan and North-East Sichuan, where
the ‘extremely minas values of the 80 and &'*C in carbonates are mterpreted
as reflecting of continental playa lakes supplied with continental water only
as compared with the normal values of 0 and 8°C in carbonates of Luodian
area which was of the open sea to the south of the platform,

THE ORIGIN AND FACIES MODELS OF EVAPORITES

1. The Distribution of Evaporites (Fig, 5- 14)

The ‘evaporites predominantly consist of anhydrxte, hc.hte and polyhallte
The anhydrite which occurs at a large aumber of honzons is dwtnbuted over
an area of 400,000 km?, The halite oceurs in the followmg thlrteen reglons
‘Nanchong (1), Zigong (2), Weiyuan (3), Chengdu W, Jmngyou (5) Daxlan

(6), Dianjiang (7), Xuanhat (8), Wangcang (9), Qijiang (10) Wanxlan (11)
Jianpad (12), Zhongxian (13) Polyhalite has been found onIy in reg:ons 1 2,
4, 7, 8 and 11, Among them, region 1, Nanchong, is the largest one 111 ‘size,
where the halite covers'an  area of 30,000km?, and polyha.llte — 10 UOOkm
There are six halite-bearing stratigraphic horizons: T\, , T.i%, T l'?l Tgl‘
and T,1*. Region 1 has the most halite-bearing horizons and a max;mum thi-
- ‘ckness of 200m of halite,

2. Fabrics and Rock Types Indicating the Origin of Evaporites (Fig.5-1 and
Plate VIll to Xy -
(1)Ankydrock . From the pseudomorphs of gypsum remaining in anhydrite
and comparision of them with gypsum crystal shapes formmg on modern coast-
line, and by recongnitied of other” {eatﬂres, we ‘describe” swailow tail gypsum
(1), short -prismatic and psutdothwblc gFpsum (2), ‘clasti crystalllne gypsum
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-88), slab gypsum (4), flat gypsum (5}, coliminas gypsam (8), petal Eypsum
), “erystal druse gypsam (8), and'micfocrystalline gypsim stc’, all ‘of which
. -ean be used for the imterpretation ‘of depos:ttoria}’enwrdﬂments -

(2) Polyhnlite rocks, Mictocrystalline polykalitéis’ d8monant, It was
formed by replacing gypsum and ‘occirs in' the shape of ‘felt add sphaerolite; In
addxtxon, crystalline polyhalite of various shapes is preseat; this is second gen-
eration, growing along the margin or bottom' 'wall of 'the mwracr‘ystal!hne pol-
yhalite,

(8) Halite rocks, They show mosalic texture -Residual-primary structures
are mainly as follows:a) algal-laminited, banded, thin anhydrite interbeds,
which are common and broken to brecciated lumps due to diagenesis, b)banded
sttucture consisting of bands of differént cololirs, ¢) grdiny floor halite, which
is uncommon,

(4) Genetic types of evaporites, According to the genetic marks of 'tex-
tures and structures, we have divided the evaporites irto the following genetic
types: algal-mat anhydrock(1), 'swallow-tail anhydrock(2), suecrosic anhydrock
(3), laminated dolomitic ashydrbek (4), hminatia‘d";'magnesita anhydrock (5).
enterolithic and nedular ankydretl (§), liméstone and dolostone with anhydri-
te crystalline druse (7), bedded polyhalite rock’(8), bamded polyhalite rock
(9), halite-bearing polyhalite rock (19), banded halite rock (11), halite rock
with anhydrite breceia aad lemps (12), 'J-Inuip'"ll-ﬁlit&‘-’fgcli (1%), 'grkﬁﬁerite rock
(14), For their depesitional eavieonments of Above types of evaporites, the
types 3, 4, 5, 6, 7, 12 and 13 was formed munded sabkha; the type 5 whick
contains magnesite, and the tyge 14 amd the greater part of ’pélyhalite-—-mainly
uader a playa laks,

3. Section Types amd Their Depositional ' Environments of Halite-Bearing
$Sequences (Fig. 5-2,3) _

The balite-beaciag sequemeces can be divided into six types of sectioas based
ea the composition and hithologickl chiaricters’of the adjoining rocks of halite
beds, (1) all the adjoining recks are composed of algal-mat or laminated anhy-
drock, (2) the floor cossists of algal-mat ashytrock but the’ top layer is
banded anhydrock, (3)the adjoiniag récks are sucrosic and massive anhydrock,
(4) the adjoining rocks—bamded aahydroek, (5) laminated, magnesite-bearing
anhydrock, (6) 'laminated, nn'pésite”—bufing anl‘iydrock:overlaid'_' and under-
laid with laminated, argillaceous’ Belostone,

- la respect of the depositi‘nal erviconments of above ty!i)es of sections,typ'es
1 and 2 awe of a'coastal salt lake; typss '§ aud 4—sebkha, and types 5 and &
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<& playa lake. Types 2, 4, and -5 oscur in-_-._-;i‘lj.ﬁ-- and; .'T,l‘-,' typesss and 23

occur in T,j", the type 1 ~ T.l*, and typd. 6 — Tol', The: sectiois in T3, VEei®

and T,I' have the similar evolutional sequence; lagoon—tidal ‘barriér—ssabkhas—
coastal salt lake—playa lake; but sections ig- T,* and T,l! show the 6ther evo

lutional sequeage. bay—lagoon-—salt lake—playa lake.

4. Facies Models .of Evaporites. .

The depaosition of evaporites in the studied area can be ascribed . fwo
models; platform sabkha model which qecugs in the Memhers of T,j*, T,i® and
T,I',and intraplatiorm desiccatign salt lake model which occurs in the Members

of T,l* and Tal*,

(1) Platform sabkha model, (Fig. 6<7 to 5-11). First a. sabkha' plain
formed in the barrier bay due to the progradation, where coastal salt :lakes
then developed, last, they, wege: .evolved .to.playa lakes because of the later
marine regression,.

(2) Ioper-shelf desiccatiqp lake model (Fig. 5- 12, 18) . The swelling of
the platform margin resulted. in: sgme divided-basins separated {rom the bay. to
become lagoons or salt lakes, jwhick also, would be developed to plays lakes
_under the condition of regrgsgion,

5. The Models of Saline Mineral Zonation (Fig, §-15) -

The saline ﬁ;uneral zonatien in. sabkhg.sajt lakes of the platform. is of tear-
,drlop pattern. Most of .evaporites occur near. the channel, so rheir zonat :n ap-
.pears as multicentre because  there are many channels im the srea- amd ‘islands
in the lagoon. . e .

The saline mineral zonation in the platform inner-shelf desiccation lake
appear as the bylls-eye pattern, .

ENVIRONMENTAL CONTROL OF.Ol, GAS, AND OTHER
MINERAL DEPGSITS .

1. Oil and Natural Gas

Thg _,chqué in abundance of orgapic carbon-in the stages of Feiriauguaa,
Iialig_gji_a.;.lg and Leikoupo bqsseg_ti:txlly shows the same teadency towards increase
_frgi:n_ west to east (Fig. 6-1 to §-2), _.Eé,st_ ._$[icghuan and. Soyth . Sichpas. where
organic carbon makes up 0_.2-0.5 percent:havp better oil-generating potentia-
lity, specially in the north part of the East Sichuan, thjs is the , most: ideal
ipl:_a.!ce; for 6i1: ac_c_pu}}?_l_a‘_t_i,gq_ _"I‘h_g‘fsfqe __nﬁw‘e“_gsom_(&er.‘t;m aormally shalblow sea in
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the platform, and the restricted bay and lagoon as an area having oil-genera-
ting coaditions,

There are four types of reservoir rocks based on depositional eavironmesnts,
that s, ‘(1) barrier or marginal ooid shoal in the platform, (2) tidal-delta
ooid barrier, (3) tidal-flat ooid-sand body, (4) occasionally exposed,intertidal
lime*sand flat, According to the analysis of Figures 6-3 to 6-5, the reser-
voir rocks in the Feixianguan stage are mainly composed of types 1 and 2, the
best potential area of which is the north-east part of Sichuan (including part
of West Hubei); the reservoir rocks in the Jialingjiang stage conmsist of types
3 and 2, the best potential area of which is the south east part of Sichuan,
The secondary potential regions are north-ea<t part of Sichuan and South Si-
chuan; the reservoir rocks in the Leikoupo ='.ge are largely composed of the
type 4, the major arealof which is located in rhe tidal flat in the west margin
of the platform, '

2. Other Mineral Resources

(1) Celestine, It is distributed in Hechuan, Jiangjin, Tongliang et al. of
Sichuan and occurs in the 4th (T,J*) and 5th (T ,j®) Member of the Jialingjiang
Formation, Iis origin is related with postdepositional enrichment due to the
precipitation of thermal brine, I[n respect of the depositional environment the
areca where the celestine occurred was located in the margin of Nanchong Salt
Lake (in Cenatral Sichuan), right at the end of the channel leading to the salt
lake from the lagoon of East Sichuan, this is advantageous to the precipitation
of celestine, In addition, the area is situated in the boundary between two
tectonic units, where faults and fractures developed which provided a passage
for the later thermal ore brine, this would heli:: to generate the alternative
replacement and precipitation of the strontium-bearing brine,

(2) Manganese, [t oceurs in the Middle Triassic of the south-west mar-
gin of the platform, and Qian (Guizhou) Gui (Guangzi) Basin (Fig. 6-6).
- Primary manganese mineral is rhodochrosite, There are two major types of
manganese deposits, Dne is of carbonate type, the ore occurs in carbonate, at
the bottom of a tranmsgression sequence, its depositional environment is of tidal
flat-lagoon; the other is of clastic-rock type, the ore occurs in basin-facies
clastic rocks, its envirenvironment is of slope to open-sea shelf,

(3 Sandstone type of copper deposits, It mainly occurs in the red beds
of Feixianguan, Jialingjiang (Lower Triassic) and Badong Formation (Middle
Triassic) and is distributed in the shoreside plains in the margins of Kangdian
and Jiangnan Old Land (Fig, 6-7), '
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