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ABSTRACT: Sichuan Basin is one of theippermost petroliferous basinsin China. It experienced
three evolutionary phaseswvhich were marine carbonate platform (Ediacaran to Late Triassig, In-
dosinian-Yanshanian orogeny foreland basin (Late Triassic to Late Cretaceousand uplift and tec-
tonic modification (Late Cretaceous to Quatenary). The presentday tectonics of the Sichuan basin
and its periphery are characterized by three basic elemeritstopography, basement ype and sur-
face structure, and twosettings(plate margin and interior) . Therefore, be subdivided into fiveunits
which have different structure and tectonic history. The basin contains five different sets of source
rocks with thickness up to 2500 m. These source rocks were weltreserved die to the presence of
Mid -Lower Triassic evaporites (>~200m) and thick terrestrial sedimerts filling in the Indosinian-
Yanshanian foreland basin (>3000m). The uplift and erosion since Late Cetaceous has significant
influence on crossstrata migration and accumulation of oil and gas. The multiphase evolution of
the basinand its superimposedtectonic elements,good petroleum geologic conditionsand diverse
petroleum systemseveal its bright exploration prospects

KEY WORDS: multi-stage basinhydrocarbon accumulation, Sichuan basin, eastern margin of the
Tibetan Plateau

0 INTRODUCTION petroleum and gas systems in the ba3ihis review ofgeola-

The SichuarBasinis one of the largegietroliferoussed- ical basin is based on analyses of oil/lgas accumulations in
imentary lasins in ChinaAs early as ~1100 CE ago, people  explomtory wells and decades of field studies in theh8an
has used bamboo casing and piping to drilled brine/natural gasBasin It may provide better understanding of the geology and
near Zigong in the southern Sichuan basin (Zhong and Huang,hydrocarbon occurrences in othectienically complex basins.
1997). The firstsignificant Triassic gas pools were discovered
in Shiyougou and Shengdengshandttmesi n  t h ewitll 9 3 0 6TECTONIC SETTING
a series of oil/gas discoverikger on(Fig.1), e.g., Well Long SichuanBasinlocatesin western margin of theouthChi-

10 in 1957, Well Nv2 in 1958 and Well Well7 in 1964, na Block that is comprised by the YangtzBlatfam in the
Well Chuan104 in 1984, et¢Ma et al., 2010Liu et al., 2008a; northwest and the Cathaysian BI¢Elg.1). To the north, it is
Zhang and Zhang, 200Xu and Shen, 199&Korsch et al., separated from the North ChiBdock by the Late Paleozoic to
1991). Recent mjor discoveries include Puguang gas field in Middle Mesonic Qinling orogen(Dong et al., 201IMeng and
2003 in the eastern Sichu#lla et al., 2007)Gu a n g 6 a n Zigaags 200) and to the west from the MesoZioenozoic
field in 2006 in the center of the bagi@hen et al., 2007)and Easern Tibetan Plateau by the Longmealiang thrust fold
the Anyue gas field also in the central Sichuan Basin in 2013, belt (Liu et al., 2012 Roger et al., 2070 The Qinling orogen
the latterrepresenting the biggest gas field at present in China experienced a protracted tectonic history, and is considered to
(Zhou et al., 2014). The total proven-ptace gas volume have undergone a twphase collision along Shangda and
found in the Sichuan basis2.6x101> m® (91.8 tcf). Thus, it is Mianlue suture zoss in theMiddle Paleozoic andMid-to-Late
timely to review the geological features of the Sichuan basin Triassic periods, respectively (Meng an@hang, 2000). In
and its hydrocarbon accumulations, to better understand particular, the later diachronouollision of north and south
China blocks alonghe Mianlue suture zone kaexerted a

*Corresponding authodenghbin3000@163.com profound impact on the evolution tfe Schuan Basir(Liu et
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Figure 1- (a) Insert- Map of the basic tectonic framewaokthe Sichuan basirfb) The Digital Elevation Map (DEM) showing the tgpaphy andstructurein

the Sichuan basiand its surroundingsvhich could be could be divided intbreepart subdivisioni.e. the Chengdu Plain, central Hill and Mountains in

eastern basin

Cenooic times (Wang and Burchfiel, 200Burchfiel et al.,
1995. The reactivation of oldtructureshas been interpred

400'1 000 m above sea level. It is surrounded by peripheral
mountains with elevations of 300'4 000 m above sea level

as result of Late Cenozoic eastward, or southeastward extru-(Fig.1). Within the basithe Longquan Mts. ahHuaying Mts.

sion of crustal material from the Tibetan Plat@ailson et al.,
2006; Royden et al., 20p8Within the South China block,
SichuanBasinis separated from a 300-km-wide Me®zoic
intracontinetal orogenic belt by the Qiyuesh&raloushan
structure(Li and Li, 2007 Li et al., 2012. It underwent a
complicated tectonmagmatic evaltion during the Late Mes-
ozoic, referred to as the Yanshanian intréiemtal orogeny(Li
and Li,2007 Yan et al., 2008

The Kongling complex with Archean age crystalline
basement of th8outh China Blockoverlaire the Neopotero-
zoic Banxi Group. The latter represents folded elveent,
consisting of tightly folded, but only weakly metarpbosed
greywackeslate successiofBGMPSP, 1991 These basement
rocks exposed around the Yangmatform (Fig.2), are ove-
lain by up to 10 km of Neoproterozoi¢Ediacarari)
Phaneozoic strata. The sedimgry cover is comprised mainly
of Paleozoic and Middle Mesozistrata of shallovwnarine
deposits, and podtate Triassic strata of terrestrial deposits.
Although there are widespread lamgle uncaformities or
paraconformiies most of the upper Silurian, Devonian and
Carboniferous strata are absent due to @aied movement
acrossthe South China BlockThe Upper Triassic, Jurassic,
Cretaceous and Cenozoic strata are composed entirelynof co
tinental clastic sequences.

2 MORPHOLOGIC AND GEOLOGICAL CHARAC-
TERISITCS OF THE SICHUAN BASIN
2.1 Morphologic Featuresand Three Part Subdivision of
the Basin

The modern surface elevatiow$ the basinvary from

divide it into three morphologically different areas. The plain
area(Chengdu Plainjocated west of the Longquan Mt-c
vers ~80000 knt and has elevation of450' 650 m above sea
level, decreasing from northwest to southeast. Chengdu iglain
covered by Quaternary sedintary deposits <500 m thick
(BGMRSP, 1991). The hill area located between dopran
Mts. and Huaying Mtshas elevated~300/550 m above sea
level, decreagg from north to south, where the hills subtly
grade into the Chengdudh. It exposes Jussic-Cretaceous
red beds in nearly horizontatrataover an area of ~12000

km?. The mountainous area to the east of Huaying Mts. has
variable elevation 0f350'1 000 m and covers ~10m0 kn?.

It is commsed of a series of NEstriking anticlines and sy
clines. The anticlines, in which the PeamTriassic strata
outcrop, are narrow and steep. Masinmits are of ~7001

000 m in elevation, with peak elevations of 720 m in the
Huaying Mts. In contrast, the sglines show gentle to oder-

ate deformation, where Jurassic strata outcrop at an average
elewation of ~400 m.

2.2 Deformational Features and Three Part Subdivision
of the Basin

The Sichuan basin shows complicated tectoniacttras
(Fig.2), indicative of multiplestage and miti-directional
shorteningand extensiorfrom its complex tectonic history
during the Phanerozoic.HE basin can be divided into three
belts with different deformation &ures, separated along the
LeshanLongquan MtsLangzhongNanjiang, and Yibin
Huaying Mts-Dazhou (Fig.3).

The western area of the Sichuan basin, locatesden
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Longquan Mts. and Longmen Mts., is dominated hy a enceof peripheral orogen decreasesWEstriking structures

IndosinianYanshanian thrudbelt and foreland basifDeng et dominate in the center of the basin, esented by the Nan-
al.,2012aliu, et al., 20052012, most with NEstriking stric- chongSuining area.
tural direction. However, under the influence of thécahg The eastern Sichudpasin,located between the Yibin
Mts., the northern segment is characterized by neaky &d Huaying Mts:Dazhou and Qiyue Mtsis characterized by the
NE striking composite structures (e.g., Mianyaggechelon development of NErending chevron anticlines, gentlensy
structure). To the sooivest of the westernornerof the basin, clines and northwestward thrust faults (Fig.3). However, the
the deformation isaffected by growth of the Tikan Plateau fold axes shift from EW to NE, then to NS (Fig.2). It has
(Deng et al., 2012 Hubbard and Shaw, 20pBurchfiel et al, been suggested that these tectonic changes are a resut of pr
2008, indicated by the occurrence of superimposef btrik- gressive northwesiard propagtion of the Yanshanianintra-
ing structuresluring Late Cenozoic times. continental deformation iSouthern China (Wang, et al., 2010;
The central area of the Sichu@iasin, located between  Jin, et al., 2009 Yan et al., 200pand ofthe soutwestward
Longquan MtsNanjiang and YibirfHuaying Mts:Dazhou, thrustnappe tectonics from Dabashan intentinental defo

predominatly shows composite structures, striking NE and mation (Shi et al., 2011). Tibe southern margin of the basin a
NW. These structures are generally characterized by gentletriangular region located west of Chongqging and southeast of
deformation and lovangle strata inclination in the outcrops. Yibin, shows composite NE,-B/ and SN striking structures
The curving foldstructures in the northern part of thiet&ian during the Cretaceou$o Cenozoic period controlled by the
basin (e.g., Bazhong and Langzhong dtites), are the result ~ Xuefeng orogenand the Tibetan Platea(Deng et al., 2016

of subtle superimposition of mudtlirection structures (Yue et  Yue et al., 1996).
al., 1996 BGMRSP, 1991 Toward the basin center, the influ-
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Figure 2 Structural features and division of thiel8uan basin

| v 1 SE
" " SE
Northwest Sichuan basin Central Sichuan basin | Southeast Sichuan basin
(Qinling Orogen-controlled system) | (Basement-controlled system) (Xuefeng Orogen-controlled domain)
. Longmenshan Thrust Belt | _ Sichuan Basin _ |  Xuefeng_
El Orogen = |
c(vat)lon Qiyue Mts Elﬂﬂ'}lﬂn

Dachigan ~ Fangdou Mts
Shizhu

Huayun Mts
A Tongluoxia Datianchi Huangnitang

Quaternary Cretaceous Jurassic  Triassic  Permian  Dev.~Carb. Silurian Cam.~Ord. Ediacaran (Sinian) Precambrian basement

Figure 3 Simplified structural profile from NW to SE (Jiangy&iichong-Shizhu) across thei@uan basin (Location shown in Fig.2)



2.3 BasementFeatures and Three Part Subdvision of the
Basin

The Precambriarbasement of the Sichu@asinis cam-
posed of twaunitsd the crystalline basement comprised by the
ArcheanPaleoproterozoic Kangding Groupnd the folded
basement represented by the Mesoterozoc Huangshuihe
and Neoproterozoic Banxi Group (Zheng et al., 20060,
1998; Guo et al., 199@GMRSP, 199). The basement is cut
by major boundary faults which divided the basin into three
regions (Fig.4), namely, the western, central andesasre-
gions.The most important faults are the MEiking Longmen-
shan fault, Longquan fault, Huaying fault and Qiyue fault.

The three basement regions differ in lithology andcstru
tural deformation. The central basement regimmtainsthe
Paleoproterozoic Kangday Group and Arckan basieultra
basic rocks. However, the western and eastern regmnain
both thecrystalline and the folded basements. The teres
region contains metamorphosed volcanic and sedane
rocks of Mesoproterozoic age, whereas the eagstgion is
dominated by the Neoproteoic metamorphic Banxi Group.
Both of them were formed during the Neoproterozoic Jinning
period (0.81.0 bilion years ago) (Zheng et al., 2006
BGMRSP, 1991

The three part subdivision of the basement features
shows correlation with the three part subdivision of the-mo
phologic and dformational features in the overlaying cover
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Fig.3). These parts of the basin margin asmprised by large
scale thrust belts and foreland basins (Deng et al., 2Q42a
et al.,2006 19%; Liu, S.F. et al., 2008;i et al., 2003; Chen
and Wilson, 1996 There are deep lithospheric stiures
(Robert et al., 201QJiang and Jin, 2005Cheng et al, 2003
corresponding to thtarge and sharpcontrast inpresentmor-
phology betweenhe basin and the atient mountains (Liu et
al., 2012 Clark et al., 200% The location of the boundary
betweenforeland basins and the adjacent mtains is chiefly
controlled by theechangeof the deep litbspheric structure. In
contrast, theeastern ath southern margins of thecBuan basin
arelocated within theS. China block There are similar lith-
spheric structures and gradual boundariesvéen the basin
and the adjacent mountains (Wang et al., 2@&tou et al.,
1997; Wang, 1994BGMRSP, 199} The Sichuan basin and
the bordering mountainshere are linked bymulti-layer de-
tachments in the sedimentary cover of theh8an basinGhen
et al., 2011 Jin, et al., 2009Yan et al., 2009)that probably
accommodated much fand basin sediments removéxy
later strong erosion as the Appalachian foreland basin in New
York (Ettensohn, 2008; Blamer et al., 1994). Thusnder the
influence of surrounding orogenyhe Sichuan basican be
subdivided into five units @ble 2, Fig.9.

Unit I The northSichuanunit (Table 1, Table 2). The
area is bordered by the Yingshan and Xinchangclms at
the south (Fig.2)The IndosinianYanshanian thrudtelt and

mentioned previously. This indicates that the basement hasforeland basin were controlled by the evolution of the Qinling

profound influence on the basin development.

2.4 BasinMargins and Subdivision
The western and northern borders of tBeEhuanBasin
representhe western margin of theouth ChinaBlock (Fig.1,
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orogen and its muHiayered thrushg to the basi(Wu et al,
2006; Plesch et al., 2007; Liu et al., 201@pit 11T The west
Sichuanunit is affected by the evolution of the Tilae Plateau
and its multilayered thrusting to the basiBurdfiel et al,
2008; Hubbard and Shaw, 20@eng etal., 2012a).
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Figure 4 Basement features of the Sichuan basin (modified after Luo, ,1i®88ygest that the basement could be dividedtimeepart subdiision
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Unit IlIT The East Sichuaanit is characterized by delve
opment of chevron anticlinegentle synclines and sigigant
multi-layered detachment along the Lower Triassicuriih

tion is dominated by carbonate platforravdlopment, which
began during thé&diacaran epoclnd lasteduntil early Late
Triassic time(Z-Ts!). Sediment deposition was mainly occu

and Lower Cambrian shale (Fig.2, Fig.3) (Yan et al., 2003, ring under adivergent platgectonic setting. Duringhis long

2009) controlled by northwestward deformatioof the
Xuefeng orogen during the Ceetous period (Yantal., 2003,
2009; Jin et al., 2009)Unit IVi The southwest Sichuamit is

period of cratonicand passive mgin evolution,>5 km thick
sedimentary strata were deposited in shalloarime and tidal
flat carbonate environments (Guo et al., 199®) depoiion

characterized by gentle structures (anticline and syncline) andwas influenced in particular by two extensional tectonie ep

southwestward increasing defeation (Wang and Yin, 2009;
Chen et al., 2011whichis controlled by the Xuefeng ogen,
and the Tibetan Plggau (Wang and Yin, 2009; Chen et al.,
2011, Deng et al., 2016

Unit V- The central Sichuannitis characterized by ge
tle deformation with near BV strike, indicative of insigni
cant infuence from the surrounding mountainse@th et al.,

2007; Zhang et al., 2011). The deformation is predominantly

controlled by the basemeritHology and structures.

3 MULT -STAGE EVOLUTION OF THE SICHUAN
BASIN

3.1 Three Major Episodes of the Basin Evolution Process
(1) Marine carbonate platform (Z-Ts')

The multistage tectonic evolutionary process of the S
chuan basircan be divided into three episodes basedhen
stratgraphy and petrologyas well as tectonic movement etc.
(Fig.5, Table3). The first episode of the Sichuan basin evol

sodes, i.e., the Xinkai andnieishanmovement(Luo et al.,
2001), which resulted in the formation of the Earlyn®aan
MianyanChangniang and Late Permian Kaijiabni@ngping
intracratonic sagqLiu et al. (2013a) followed the term of
fintracratonic sag by Allen and Allen (2013), defed such
structures characterized with lotiged extensional strain and
no distinct offset of extensional faultdh thosebasinsaca-
mulated significant deposits of black mudstoneurfe source
rocks for petroleum (Fig.6). Both of these intracratosags
had major influence on the petroleupotential across the
Sichuan basin, e.g., the source rock quality and reservag pro
erties. The petroleum accumulated preferably at the periphery
of these intracratic sagsdue to higheffectiveness migration
and high-quality reservoir(Wang et al., 1998; Liu et al.,
2013a). The Late Permian Emeishertensionalmovement
accompanied by nganatic events had widespread influence on
the thermal higiry of the petroleum systems, in particular
around the southwestern rgar of the basin.

Table 1 Characteristicef the basin margins the Sichuan basin

. . Formation
Types Cases Geomorphic Featuse Tectonic Feature Ti
ime
. Thedeeplithospheic structureis diverse betweehongmenshanthrust
Longmen Ms.and | Largecontrasin morphdogy betweemmoun- . . o ] . .
. . . . beltandwest Sichuan forelanidasin, with dstinct zoning and layering| Himalayan
West Sichuan tainand basin; extremely steep giet and ) o . . .
. . features Theuplift and erosia in the mountainand subsidencia the (Tertary)
Foreland Basin clear basin boundary )
basinarecoupled.
Western .
. . L . Mid-Late
and Micang Mts. and Largecontrasin morphologybetween moun-| Thedeep sucture of ithospherds diverse between the basin and thg Vanstani
anstanian
northern North Sichuan tain and basin; extremely steep gead and mountain There is Micangshathrust beltandnorth Sichuan foreland @ .
urassic
basin Foreland Basin clear basin boundary basin with distinct zoning and layering dures iod)
erio
margins P
. The structure of the lithospheiedivers between the basin and the
Daba Ms. and Large contrasih morphology between moun . . . Late Yansh-
. . . . mountain. Therés Dabashanhrust beltandnortheast Sichuan forelan
Northeast Sichuan| tain and basin; extremely steep gead and o . . . o nian (Crea-
) . basin with distinct zoning and layerin@ heuplift and erosiorin the )
Foreland Basin clear basin boundary . . ) . ceous period)
mountainand sbsidencein the basirare coupled
Slight contrastin morphology betweemoun- | Thedeepstructure othelithospheres similar, controlled bythe north- Late Yansh
ate Yansh-
QiyueMts. and East| tain and basinpbscurebasinboundary; lack of|  westwardmulti-layereddetachmenand canpressional deformatn ian (Crea
nian (Crea-
Sichuan Basin steep variatiometweerthe fold beltandthe within the South China BlocK here are typicaluratype foldsin the iod)
ceous perio
front of the moutain. structure P
Late Yansh-
Southern iy . . o . .
g Minimum contrast inthe morphology between| The deepstructure othe lithosphereis similar between the basin and tff  niani Early
an
X DalouMts. and mountain and basimbscurebasin boundary | mountain controlled by thenorthwestwardnulti-layeleddetachmenand| Himalayan
eastern
basi South Sichuan Basi| lack ofsteep variatiorbetweerthe folded belt | compressional deformation of Xuefeaghgen There are typicalura (Cretaceous
asin
. andthe front ofthe mountain type folds. period to
margins .
Tertary period)
. Slight contrastin morphologybetween moun- . L . .
DaliangMts. and . . . Thedeepstructure of the lithospheig similarbetween the basin and tff  Himalayan
) tain and basinpbscurebasin boundarylack of ) ) .
Southwest Sichuan . mountain controlled bytranspressionn the southwestern margintbe | (Quaternary
. steep variatiometweerthe folded belandthe . .
Basin . South China Block. period)
front of the mountain
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Table 2 Features ofhe different unitsn the basinrmountaintectonic systems

Units Structural features

Dynamics

N .North Sichuan
unit

the thrustbelt The deformatiorsignificantlyweakers from the thrust belts to the basir

Comprised bybaba thrust beltMicangthrust belt, North Longmen thrust belt and nort
Sichuan foreland basithestructuein the basin predominantfyarallel to thestrike of

Controlled by thesvolution of Qinling
orogenandits multi-stagethrusting tothe
basin

Consisting othe central and southerngseentsof LongmenMts. and west Sichuan fore-

i .West Sichuan

land basinThe deformatiorsignificantlyweakers from the thrusting to the basaenter

unit

with the NE andN-S striking structure.

Controlled by theevolution of Tibean
Plateauandits multi-stagethrusting tothe
basin

'n .East Sichuan

Controlled by ntracontinentaldefamation

NE-striking chevron anticlines, gentle synclines with much stronger deformation in

from Xuefengorogenand itsmulti-layered

unit northern segment )
detabmentto the basin
. . . . Controlled by ntracontinentadefamation
N .Southwest Thedeformation weakesfrom Daliang Mts. D the basingcharacteristic ofentlecompo- .
. . . . . from Xuefengorogen the evolution of
Sichuanunit site structures witlhNE and NWstrike.

Tibetan Plateatandbasement statures

Insignificant influence from surrounding mountaittss locaked at theigid basemenin the
center othe Sichuarbasin. The structure is characteristic by gentle deformation, w

n .Central Sichuan

Controlled by thdasement lithagy and

unit . . n structure
nealy E-W strike, southwestward changing toestelon NE-striking structure.
Table 3 The threeepisodes ofhe evolutionin the Sichuan basiduring Phanerozoic
Phase Structuralfeatures Implications for ptroleum accumulation
. . . . . . . Building up structuratraps andeformthe previous lithologic trapsSignif-
Uplift and Basinscale uplift and exhumation, resultimgextensive erosion . . . . . . .
. . ) o icantadjustment of energy field in the basin, crigsnationmigration of
exhumation  of the UppedurassieCretaceoustrata and finalbuilding up of ) ) ) ) )
) fluid, rapidaccumulation of natural gas. particular,the preservation
(E2Q) thepresenframeworkof the basin. . . .
condition ofthe eastern and margin thie basinvas greatly damaged.
Foreland Predominant peod of building up the structural framework ol Building up mntinental clastipetroleum systems. Grtethick Ts-K terres-
orelan
basi the Sichuan basin, with thrudtelt and foreland basin h& trial stratacan serve asgional caps for buried marine petroleum syster
asin
(THE») majortectonicchange fronextension to compression formed  dominant with structural and lithologgaleegaspools, with high- to over
8 rhomboid-shapedoreland basin maturity of source rocks.
Multi-stage extension#éctonics, e.g., Xingkai and Emeishar o . . . .
. . . . Significantly buildng up marinepetroleum systems dominant with struc
Marine movementandcontractiondefamation, e.g., Chengjiang and . . . o .
L . . tural and lithologigoalecoil-pools, with highly matured marine source
carbonate Yunnan movement. Significant deposits of black, organic o . .
. . . o rocks. The Xinkai and Emeishamovementhave accommodied wide-
platform carbon rich mudstonie the Lower Cambriarand Silurian, . . . .
. . . . spread influence on the thermal history of petroleum systems, in partic
(Z-T3H dominated byarbonate plfiorm deposition. Etensive erosion

from Late Silurian to Carbuferous across the basin.

around theentral andsouthwesterpartsof the basin.

(2) Foreland basin (T3?-K>)

Since Late Triassic the Sichuan basin has éxpeed a
significant traasformation into a continental clastic foreland
basin(Units | andll). It indicates that a predominant period of
tectonic change frordivergentto convergenduring this peri-
od, resulting in thd.ongmenshan, Mangshan and Dabashan
thrustfold-belts and elated nottwestern and northern Sichuan
foreland basin{Guo et al., 1996; Deng et al., 2@t2.iu et al.,
2005. In the basin was deposi >4 km of terrestrial strata,

Sichuan basir{Units Il and V), with occurrenceof a limited
Late-Cretaceous t€enozoic foreland basin.
(3) Uplift and exhumation (K2i Q)

Significant uplift and exhumation occurred across the
Sichuan basin after Lat€retaceougLiu et al, 2008b; Rib-
ardson et al., 2008; Shen et al., 2009; Li et al., 2012 ; Deng et
al., 2009, 2013), with an increase in erosion rate during Late
Cenozoic (Fig.7). It probably signifies the-rdluence of Late

spanning in age from the Upper Triassic Xujiahe Formation up Cretaceous tectonic change in basin geodynafbesg et al.,

to the Quaternary (BGMRSR991; Liu,et al., 208). Not only
does the great thickness of-K terrestrial stata serve as re-

2012b), and the influence of Tibetantelau growth.
Based on the modeled temperattinee histories of

gional caps for the underlying marine petroleum systems, butthermal properties in the Sichuan basin (surface temperature of

also it built up continental clastic petroleum systems, particu-

larly in the Late Triassic Xujize Formation (Fig.5)Due to the
predominant influence of the Tibetan plateau Late
Cretaceous t&erozoic time (Jia et al., 2006; Burchfiel et al,
1995, 2008; Hbbard and Shaw, 2009), the latest thrusting and
uplifting took place around the southwestarargin of the

10-20€, geothermal gradient of 2B0C/km), the cooling and
exhumaibn process across the basin can be divided into three
stages (Fig.7). The first stage is characterized byrdiftel
cooling andexhumation with various rates across the basin,
from the Late Cretaceous to Paleogene. During the second
stage a slow ratefoexhumation occurred across the basin
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through the Early Neogene. It was followed by a Late Cenoz

ic significant increase (the third stage) across the basin. The
rate and magnitude of exhumation were ~40 m/Ma an@d0el

m duringthe first stage, ~100 m/Mand ~1500 m in thees-

ond and third stage (Liu et al., 200&®eng et al., 2009, 2013),
respetively. The significant exhumation across the Sichuan
basin esulted in extensive erosion of the Upper 3dsia
Cretaceous strata and final building of the pre$emmework

of the basin, which could be resulted frotme reorganiztion

of Yangtze Riveror a basdevel falling (Clark et al., 2004;
Richardson et al., 209&lthough theeaganizationprocesses
has been strongly debated (Ricdson et al., 2010; Zherey

al., 2013).The westerrand northerigichuan basifUnits | and

II) were subjected to relatively weak denudation since the Late

Cretaceous as well as the central Sichuan basin (Ui}t
(Richadson et al., 2008; Liu et al., 2008b; Deng et al., 2009,
2013; Shen et al., 2009Based on more than 100 apatite-fi
sion track samples and vitrinite data across the basin, it sug-
gests thathte magitude of the erosion is less than 300G
(Unitsl, Il andV) (Liu et al., 2012; Deng et al., 2009, 20.1i8)
contrast tothe eastern Sichuan bas{bnit Ill) with the magi

tude of more than 3500 nit should be noted that there has
been significant change in the exhumation (at least ~2000m)
across theHuang Mts (Deng et al., 2013)Such asubstantial
uplift and exhumation accommodted significant change and
adjust of the gas accunatibn across the Sichuan basin, e.g.,
the Weiyuan ga$eld (Liu et al., 2008b, 2015).

Figure 5 Stratigraphy,
tion across the basin.
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intracratonic sag (modified after Wang et al., 20@6} consistent with theccurrencef deepwater deposits during Late Permian times
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Figure 7 PostEarly-Cretaceous epodic coolingand exhumatiorprocesses across the Sichuan basin, indicated by modeled cooling histories fed selec
representative samples from the inversion of A&fJatite fission trackdge and length distributiqmodified fromLiu et al., 2008b; Dengt al., 2009, 203; Li
et al., 2012 All samples are from Late TriasSicEarly Cretaceouterrestrialstrata, indicating of three episodes of cooling andiention from about 100 Ma.

3.2 Tectonically driven sedimentary changes during Mes trial lacustrine clastic facies occurred after Btar-Norian
zoic-Cenozoic time aross the westernicuan basin(Units |, 1l and IV),
During MesozoieCenozoic timgthe Sichuan basin has expe- progressing from the northeast to the southwest. Until the end
rienced three episodes déctonically driven sedinmary of the Late Triassic, the Sichuan basin wassmmed into a

changes (Fig.5, Tabl8). The first tectonically drien change terrestrial basin, predominantly filled by lacustrine stits.
from marine carbonate platform to marine clastic facies oc- Lacustrine ad fluvial facies dominated during Jurassic
curred during the @rnian, as indicated by the dipeearance of Cretaceous time in the basin. Based on the similarity in paleo
the Maantang reefs §i) and by the increase of terrigenous tology, lithology and sedimentary facies across the region (Xia,
clastics influx (Wu, 1989; Liu et al., 2089Yang et al., 2010). 1982; Guo et al., 1996), it can be suggested that paleo
This process ended the long period of the cratotpassive lacustrine enviroments presiled in the Sichuan, Xichang, and
margin stageHdiacaranto Late TriassicZ2-Ts!), which was Yunnan basins and much of the Huibei area, all located on the
dominated by carbonate platforms and extensional tectonics.western margin of the South China block (Guo et al., 1996).
The lower part of the Maantang Formation isnpoised by From the Late Cretaceous on, the Sichuan basin has progres-
oolitic and reef limestones, with clastics being rare. However, sively undergone another tectonic charggising shriking of
clastics and bioclasts increase witliicritic limestone in the the earlier paledacustrine environment. This was a result of
upper part of the Maantang Formation (Fig.8). The terrigenous differential exhuration across the basin. The Late Cretaceous
clastics deposition in the Xiaotangzi Formatiorst) Tculmi- tectonic change is indicated by: (a) sigraht exhumation
nates in the deposition of muddytsibne, while reefs finally beginning at this time as demonstrated by themmdeling of
disappeared, and amne clastic facies prevlad. The second apatite fission tracks across the basin and étfplpery from
transformation is from marine clastic fas to terrestrial lacus-  Late Triassic to Early Crateous terrestrial stra{@hen et al.,
trine clastic facieslt is the result of traspressional defor- 2009; Li et al., 2012 ; Deng et al., 2009, 2013; Enkelmann et
mation occurring during Late Triassic time in western &oh al., 2006; Reiners et al., 2003; Wilson and Fowk&]1); (b)
(Units | andIl) and directed from the ndwastto the south- significant exhuretion around the northern and eastern part of
west (Deng, 2007; Liu et al., 2089Deng et al., 2012a; Liu et  the basin, whereas high sultesice and deposition took place
al., 2013b). In particular, the setkntary data indicate that around the southern and we® part of the basin, where
marine delta deposits were w&pread in the southwestern >2000 m thick seienents were deposited (Fig.9%) (tectonic
Sichuan basifUnits Il andIV) (e.g., Anyue area, Zhao at, change of basin gegdamics from the Qinling orogen to the
2008), where they are ragented by the lower part of the Tibetan plateau (Deng et al., 2012b). Thus, the Late Creta-
Upper Triassic Xujiahe Fmation. Thus, we suggest that the ceousEocene sata only outcrop near the southwestern
tectonically driven change from marine clastic facies to terres- boundary of the Sichuan bagjdnits Ill andIV), demonstrat-
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ing that the paletacustine environment was shrinking south- gypsum, salt and mirabilite (e.g., the Shuangliu and Minshan
westward.The Cenozoic buildip of Daliang Mts. and signifi- areas athe Unitlll, Guo et al., 1996)During this time, he

cant sinistral movement at the boundary faults (e.g., the SichuanBasinbecame an internally drained basin. In particu-
Xianshuhe and Xiaojiang faults) occurred around the lsout lar, rapid exhuraion took place €.a. 40i 20 Ma) across the
western margin of the Sichuan Basibefg et &, 2015 Chen Sichuanbasin (Fig.7). Thus, we suggest that the third tectonic
et al., 2011; Wang and Yin, 200®/ang and Burchfiel, 2000).  change occurred across the Sichuan basin in Eocene time, as
It led to canstriction of the paledacustrine environments. By  indicaed by disappearing paldacustrine environments, and

the Eocene the depositional eimonment within the Sichuan  basinscale diffeential exhumation

Basin had becomeestricted, with deposition of evap@#

Figure 8 RhaetianrNorian transition frsmm marine carbonate facies to marine clastic facies at thtemeSichuan basi(See location in Fig.2).

Figure 9 Foredeep migration during the Mesozoic time in the Sichuan hasiticating of a southwestern propagation of foredeeps, isopach aréethdcdm
BGMRSHR1991), Guo et al. (1996) and Liu et al. (2005).



