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nhuakou is restricted to the piedmont of Longmenshan Mountains, and is
made of alluvial fan sediments with many limestone lens and pebbles,

In Panzhihua-Xichang area, overlying “Baignowan coal series” is a sequ—
ence of Jurassic red sediments. The Yimen Formation of Lower Jumassic
occurred only in Yimen area, Huili County, and contains red sandstones inter—
calated with limestones. The Xincun Formation of Middle Jurassicis alter—
nations of sandstones and mudstones, with marls increasing upwards. The
Niugundang and Guangou Formations are attributed to Late Jurassic in age,
the former (generally 230—260 m thick) being bright-red mudstones, and
the latter consisting ol purple mudstones with marls increasing upwards.

11, Cretaceous

The size of Sichuan Basin was further reducecl during Cretaceous time,
and a framework of interlocking lakes and rivers appeared. Sedimentations
occurred mostly in northwestern and southwestern parts. The coarse—grained
clastic materials are restricted to the morthwestern margin along Jiange-
Guan-xian-Lushan zone, suggesting that there was uplifting of the adjecent
moun tains.

Along piedmont zone of proto-Longmenshan Mountains, in Wangcang-
Guangyuan-Jianyou area, there are Early Cretaceous alluvial-fan accumula-
tions of red coarse-grained sandstone, mudstone and conglomerate (Jianme-
nguan, Hanyangpu and Jiange Formations) , with a total thickness of about
1000 m, in which each contains basal conglomerates, particularly the magni-
ficent Jianmenguan Conglomerates, give a maximum thickness of 540 m.
The equivalent fluviolacustrine facies deposits (Cangxi, Bailong, Qiqusi and
Gudian Formations) of fine-grained clastics and marls with minor coarse
sandstopes and conglomerates have been found in Zitong-Bazhong subregion.
‘There is no Upper Cretaceous strata in the area. '

In Chengdu-Yaan subregion, to west of Fujiang River, there is the
well-developed Cretaceous section, which can be divided into three Forma-
tions of Tianmashan(Early Cretaceous), Jiaguan(Early~Late Cretaceous) and
Guankou(Late Cretaceous). They are characterized by fluviolacustrine-and
lacustrine-facies sand-stones and mudstones with carbonate, evaporite,
gypsum and mirabilite. Coarse-grained alluvial-fan accumulations (Guankou
Yormation) have locally been known from Gunanxiau, Tianquan and Lushan
areas, where there are three alluvial fans, respectively.

Southward to Ganluo-Yibin area, there are upper Lower Cretaceous
eolian sandstones with large cross beddings(>30°), and Upper Cretaccous
fluviolacustrine sandstones and mudstones. In Xichang-Huili area, a comple-
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telydeveloped Cretaceous section shows a depoceter here. The Feitianshan
and Datongchang Formations of Lower Cretaceous are fluviolacustrine sandsto—
nes and mudstones with sandy conglomerates, and the Xiaoba Formation of
Upper Cretaceous is lacustrine-facies sandstones and mudstones with carbo-
nate, evaporite and Cu.

Recent works reveal that a sequence of red coarse-grained clastics (119
m thick) accumulated in an intermontane basin, called Zhengyang ¥orma-
tion, is unconformably underlain by Triassic strata, in which teeth of sauro-
pods have been obtained, suggesting possibly Late Cretaceous in age.

12, Tertiary

Since Tertiary, the Sichuan Basin has been contracted and restricted to
western and southwestern parts, in Guanxian, Lushan, Yibin, Huili and
Yanyuan areas,

In Lushan area, the Mingshan Formation conformably overlying Creta-
ceous strata consists of a sequence of lacustrine facies mudstones, siltstones
and minor marls with glauberite and gypsum, from which the obtained
ostracods indicate Paleocene-Eocene in age. The Lushan Formation is chara-
cterlzed by mudstones intercalated with siltstones, and ostracods obtained
give Middle~Late Eocene in age. In Yibin area, there is a sequence of thick-
bedded or massive sandstones(Liujia Formation) with large oblique and cross
beddings, yielding ostracods attributed to Paleocene in age.

The Paleogene lacustrine- and fluviolacustrine-facies accumulations,
called Leidashu and Lijiang Formations, are present in Yangyuan and Huili
areas. The Leidashu is made of sandstones intercalated with brown argilla=
ceous shales, yielding abundance of charophyta. The Lijlang, A sequence of
conglomerates, breccias and sandstones, which is angular-unconformably under—
lain by the older strata and correlated tentatively to Lijiang Formation
(Late Eocene-Oligocene) from Yunnan province, has been found in Boda
Village, Yanyuan County. A Middle-Late Eocene movement has caused the
Sinian—-Mesozoic cover to fold, which has preliminarily resulted in a frame-
work of western highland and eastern lowland.

In western Sichuan Plateau, there are Paleogene red mollasse accumula-
tions deposited in faulted depresslons or intermontane basins. For example,
Relu Group in Dege-Litang area or Hongtupo Frmation in Songpan area are
predominated by coarse-grained sandstones and conglomerates, locally with
argillaceous and dolomitic limestones or rarely with sedimentary Cu ores. A
Eucal yptus-dominated flora has been known from Relu area, suggesting
about 1000 m above sea level then,
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As Neogene climate became warmer, a sequence of gray lacustrine-bog
facies coal-bearing clastics(Liangshuijing Formation) has been deposited in
Emei area, and fluvial-facies clastics, called Dayi Conglomerates, have been
accumulated in Guanxian, Dayi and Mingshan areas. Moreover, there is a
sequence of poorly-consolidated conglomerates, mudstones and coal-bearing
clastics, such as Yanyuan and Xigeda Formations,in Yanyuan and Huili areas.

In western Sichuan Plateau, the Pliocene Changtai Formation consisting
of mottled clastics, coal seams and basalts is unconformably underlain by
Triassic strata, which may be correlated to those of Jianchuan Formation in
Yunnan province, based on plants obtained. The equivalent Maladun Forma-
tion in Songpan area is coal-bearing clastic accumulations, which have been
deposited in a intermontane basin.

13. Quaternary

There is a variety of Quaternmary sedimentary types, firstly, such as
alluvial, pluvial, slop-wash and glacial deposits, eolian clays and swamp
peats, and secondly cave, travertine and gravity-induced accmulations.

The Lower Pleistocene is fluviolacustrine-facies deposits of sand, gravel
and clay, from which Stegodon oriemfali has been obtained, in Fengjie County,
eastern Sichuan. The Middle Pleistocene is composed of alluvial-facies gra-
vels, sands and clays (lower part), and reticulated red clay beds (upper
part), the latter indicating products of the prolonged interglacial stage, as
suggested by Lin Dongsheng. There are Middle Pleistocene cave deposits in
Yinjinggou, Wanxian County, where many mammals of Primates, Probosci-
dea, Perissodactyla and Artiodactyla, called Sichuan fauna, have been obtai-
ned, The Upper Pleistocente contains two major types of eolian and alluvial
deposits. The former, such as Chengdu Clays, has been considered to be
icemargin eolian clays, for which "C determination gives a value of 23500—
11390 a. The Holocene is mainly river-bed and flood-plain deposits of clays,
sands and gravels,and the "C determination on a fossil “ebony” from
Ziyang man site gives a value of 6550—7500 a.

The well-developed Quaternary deposits are present in Xichang area.
Early Pleistocene is predominately lacustrinefacies sand and mud accumu-
lations, and Middle-Late Pleistocene is characterized by terrace deposits and
alluvial-pluvial fans. There are traces of palaeoglacial action in Luojishan
Mountain. The Holocene deposits are classified as two types of alluvial
and swamp accumulations, the former forming first-order terraces and
flood-plain, and the latter consisting of saprolites and sapropel-peats -
with many plants and sporopollens.
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In western Sichuan Plateau, the Quaternury deposits are complex but
poorly-studicd. For example, there are mainly fluviolacustrine-facies depo-
sits(brown coal, sand, gravel and clay}, and secondly, fluvial-facies and swamp
peat accumulations in Ruocergai area, fluviai-facies and steppe-swamp deposits
in Aba, Rangtang and Longriba, and sinter, travertine and cave accumu~-
lations along major fanlt zones. It is worthy to point out that several beds of
loess with homogeneous grain size oceurred at elevations ranging from
16006 m to 2700 m, each bed ranging between several meters and 30 m in
thickness, which can be considered to be Late Pieistocene-Holocene ice—~

margin eolian accumulations.

Il MAGMATIC ROCKS AND MAGMATISM

1. An Qutline

It is clear that magmatic activity decreases as consolidation of the
basement increases in eastern platiorm region. In western margin of Sichuan
Basin, in addition to the recognized Jinning~Chengjiang magmatic rocks,
there also are possibly early Pre-Cambrian greenstone-like formations and
soda granites. The rest area of the Basin is covered by Mesozoic—Cenozoic
strata, The frequency of magmatic activities in time and space occurred in
western geosynclinul region, where Late Variscan - Indosimian oceanic-or
1sland-arc-type igneous activities are clear, which are followed by predomi~

vately collision-type remelting granitic rocks.

2. Magmatic Rocks

These magmatic activities can be divided into five stages, Pre-Sinian,
Late Sinian-Carboniferous, Permian-Triassic (or Jurassic), Cretaceous and
Tertinnary stages, based on a history of crustal evolution. Both Pre-Sinian
(including 3 belts) and Permian-Triassic (including 12 belts) stages may be
considered to be peaks of magmatic activity.

(1) Archean-Early Proterozoic

These igneous rocks, occurred mainly in Longmenshan-Panxi zone. It is
suggested that a tendency of magmatic evolution is from early basic volcanic
through soda-granitic to K-granitic rocks, They contain major types of
metabasaltic, ultrabasic, soda-granitic and K-granitic rocks.

(a) Volcanic rocks

The Lower Kangding Group consists of metabasalts, amphibolites, amp«

hibole biotite leptynites and leptites, for which the protolith rocks are
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tholeiitic basalts and intermediate-acidic volcanic rocks. The Upper Kangding
Group is represented by biotite-amphibole and biotite-monzonite leptynites
with extensive diabase dykes, and the protolith rocks are basalts, andesites,
latites, dacites, tuffs and wolcaniclastics, of which these basalts are fullen
within a cale-alkalic area. It can be suggested that the Kangding igneous
rocks have evolved from early tholeiitic to late calc-alkalic series, which are
cosidered to be gemerated in an immature island-arc with thiner continental
crust.

(b) Ultrabasic-basic Rocks

There are these ultrabasic~basic rocks in western margin of Sichuan
Basin, They have intruded into the Kangding Group and are in turn cut by
granites, of which both are unconformably covered by the Sinian strata. The
whole-rock K-Ar determinations on these rocks from Yakou and Guihuacun,
Miyi County, give 1713 Ma and 1954 Ma, respectively. Generally, the basic
rocks contain gabbro, diabasic gabbro and norite, and the ultrabasic rocks ars
mainly dunite, pyroxene peridotite and pyroxenite,

(¢) Soda granites

These granites with mostly gneissic structure are exposed in the mou-
ntain chains along northwestern boundarg of Sichuan Basin, which occurred as
apophysis, laccolith or irregular forms. All of 16 graunitic bodies from Yingxin
and Datian areas cover a total area of 2342 km? Main rock types are quartz-
diorite, tonalite, granodiorite and diorite. A lithochemical analysis for these
rocks shows higher Na, lower K and 5i0; sapersaturation,

(d) Potassic granites

These granites are exposed in Micangshan mountains and Kangding-
Panzhihua zone, The main rock types are granodiorite, monzonite and common
granite,

(2) Middle Proterozoic
(a) Volcanic rocks _

These wvolcanic rocks are developed along Longmenshah-Panzhihua,
Yanbian-Bikou and Muli-Ruocergai zones, from east to west, In Longmenshan-
Panzhihua zone, Middle Proterozoic volcanic rocks consist of spilite~kerato-
phyre formations at lower part and dacite-chyolite associations at upper
part, which are considercd to be generated in an island-arc environment.
They, together with contemporaceous granites, form a magmatic arc with
up to 1000 km long. Along Yanbian-Bikou zone, the recognized Middle Pro-
terozoic volcanic rocks are composed of basalts and trachyande site-rhyolites,
without andesitic rocks, suggesting a possible rift environment where bimodal
volcanic association can be generated. The mctamorphosed basalt-andensite-
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rhyolite association occurred along Muli-Rucergai zone, showing an istand-arc
environment,
(b) Intrusive rocks

The basic-ultrabasic rocks, of which 27 rock oodies covers a total area of
337 km?, are discontinuously exposed along Micangshan-Longmenshan-Pan-
zhihua zone. The main rock types are belugite, bojite, diabase, olivine gabbro,
norite, anorthosite and others, alkalic rocks exposed in Pinghe, Wangcang
County, consist of nepheline gabbro, ijolite, nepheline syenite, alkalic syenite
and carbonatitevein. Intermediate-acidic intrusives, such as Guanba (Micangs=-
han) and Guandaoshun (Yanbian)rockbodies, occurred as batholith, and their
Rb-5r determination wgives a wvalue of 870 Ma, The potassic granites are
extensively distributed, with a total area of up to 2042 km®*. The Early-Middle
Proterozoic rocks are mostly intruded by these granites. There is an evolutio=-
nary trend from granodiorite through monzonitic and common granites to
alkalic granite, showinyg u classic orogenic environment,

(3) Early Sinian

This stage of igneous activity corresponds to a tramsition from geosyncline
to platform, which is charactetized by intensive intermediated-acidic eruptio-
ns and extensive granitic intrusions.

Farly Sinian volcanic rocks are mostly present in Xichang and Liangshan
areas, and consist of intermediate-acidic lava, volcaniclastics and clastics.
The continental-facies lava and volcaniclastics of suxiong IFormalion vary
greatly in thickness. The equivalents, such as Tiechuanshan intermediate-
acidic volcanics, Baiyigou acidic tuff and tuffites or Yoolinghe tuffaceous
breccias and tuffes, show all calc—-alkalic saries.

The intrusives are mainly common, alkalic-feldspar and alkalic granites
in composition, They cover a total area of 2905 km?, Isotopic dating gives
values ranging between 608 Ma and 814 Ma.

(4) Late Sinian—Carhoniferous

This stage shows weaker igneous activity. A small number of basic rocks
from Palaeozoic strata have been found only in Jinshanjiang, Yidun and -
Songpan areas. They are predominated by basalts and spilites. Additionally,
there also are minor diabases and diorites.

(5) Permian-Jurassic

(a) Volcanic rocks

The Permian volcanic rocks are mostly present in the geosynclinal
region and the western margin of Platform region,

A sequence of tholeiitic basalt, spilite, welded agglomerate and pyrocla~-
stics, which bave locally been metamorphosed to greenstone facies, has been
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found in both Jinshajiang and Yidua zones. iastward to Litang, Duwu and
Minjiang zones, there is Late Permian volcanic series of pillow lava, spilites,
altered olivine basalts, trachybasalts and locally volcanic breccias and agglo—
merates, with a thickness of 550—3230 m, 2451 m and §4 m, respectively.
Further eastward to Panzhihua and Emeiareas, Permian basaltic rocks, i. e.
“Emei Basalis”, are extensively developed. In Panzhihua area, it can be
subdivided into three subzones. The western subzone is predominated by
pyroclastics (lower member) and basaltic lava (upper member) with pillow
or amygdaloidal structure. The central subzone is characterized by a bimodal
igneous association of augitophyre, amygdaloidal basalt, andesite-basalt,
chrysanthemum-like basalt, agglomerate, volcanic breccia and rhombic porp-
hyry. The eastern subzone is represented by predominately pyroclastics,
basaltic lava or tepbrites, In Emei area, there are volcanic lava and rare
pyroclastics.

Chemical analyses of 331 samples suggest that from Jinshajiang zone to
Panzhihvua area From the west to east, Permian basaltic rocks chang from
Mg-high tholeiite to Fe-high tholeiite, showing an eruptcie environments
ranbing from orogen or island-arc to stable region.

Triassic volcanic rocks are limited to west of Songpan-Chapuzi zone. As
indicated by analyses of 488 samples, there are spilite-keratophyre formation
in [inshajiang zone, andesitic association in Yidun zone, tholeiitic association
in Litang-Dawu 20ne and alkalic basalts in Minjiang zone. They have been
interpreted as products of relict ocean, island~arc and back-arc basin, respe—
ctively, from west to east.

The Jurassic continental-facies volcamics have been found only in Aba
and Ruoergai, western Sichuan Platean, They are represented by intermedia-
te-hasic or-acidic lava, pyroclastics and subvolcanics, A Rb=8r determination
of the associated granites gives a value of 152 Ma,

(b) Basic—ultrabasic intrusions

There are Permian and Triassic ultrabasic and basic intrusions only
along Jinshajiang, Litang, Dawu and Panzhihua zones. These ultrabasic and
basic from Jinshajiang zone are an important part of ophiolitic melanges.
Only have Triassic ultrabasic-basic intrusions been known from Yidun area,
which congsist of mostly augite peridotite, peridotite, dunite, listvenite and
gabbro. The Late Permian and lLate Triassic ultrabasic-basic intrusions are
present in Litang zone, for which a Mg/Fe ratio (6.241) is lower than that
of Jinshajiang and Yidun zones. These intrusions of harzburgite, augite
peridotite, lherzolitc, pyroxcnolite and gabbro occurred locally along Dawn
zone. IJn Panzhihua-Xichang area, the layered basic-ultrabasic intrusions
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with V-Ti magnetite ores have resulted from continental rifting,
(c) Imterimediate-acidic and alkalic intrusives

The intermediate-acidic intrusions of this stage are welldeveloped in
western Sichuan  Plateau, Generally, their age is, yonthening from west
(Jinshajiang zone) to east (Aba zone), The subductinn-type granitic rocks
ate present mosily in the western subzone (Jinshanjiang and Yidun areas),
and the syn- or post—collision ones mainly in central and eastern subzones
(Litang, Yajinug, Dawu, Barkam and Aba areas),

In Panzhihua-Xichang area, there are Indosinian and Yanshanian intru-
sions of common, monzonitic and plagioclase granites. Additionally, many
alkalic rocks occurred along Anninghe Fault, and consist of ijolite, nepheline-
syenite and syenite, which may be interpreted as products of crystallization
differentiation of basultic magma.

(6) Cretaceout Granitic Rocks

Nine 9 intrusions of Cretaceous granite have been f{ound within Yidun
zone, with a total area of 1971 km® Their isotopic ages range between 70.0
Ma and 132.5 Ma. Yor these granitic rocks, Na,O is lower than K,0. I't is
well known that these granitie rocks form an important Sn-bearing zone in
Sichuan province, |

(7) Neogene Volcanic Rocks

Neogene volcanic rocks, which are the latest record of volcanism in
Sichuan province, have been known from No. 2 member of Neogene Changtaj
Group in Yagianke, Changtai, Baiyu County. They are represeuted by altered
vesicular basalts and olivine basalts, which bhave been interpreted as intraplate
basalts.

(8) Vein Rocks

There are vein recks in western flank of Sichuan Basin and western
Sichuan Plateau, which penetrate into strata ranging from Archean to Jura-
ssic. Some vein rocks are controlled by fault zones. They can be divided into
four types of acidic(granitic aplite and pegmatite, granite-porphyry, quartz—
porphyry, felsite and vein quartz), intermediate (diorite, dioritic porphyiite
and quartz diorite), basic-ultrabasic (diahase, gabbro, lamprophyre, picrite-
porphyrite and diabase-porphyrite) and alkalic (carbonatite, alkalic syenite-
pegmatite, albitite and nepheline-syvenite) vein rocks, Other wein rocks are
closely associated with special mineral deposits,such as mica~rich pegmatite
veins in Danbu and granite-pegmatite veins with Li ores in Jiajika, Kangding

I €ily
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3. Magmatism

Generally, it can be divided into two megacycles, i. e. Pre-Late Sinian
and Late Sinian-Neogene.

There was a tholeiitic magma chamber during Archean-Early Proterozoic
time. As thiner sialic crust fractured, intrusion, differentiation and eruption
of these magma have occurred, which has led to establish tholeiitic to calc-
alkalic volcanic associations and ultrabasic~basic complexes. They have been
followed by an intermediate-acidic suite of quartz-diorite, tonalite and gra-
nodiorite. Finally, small-size potassic granites have been formed. Thus, the
initial continental crust has been established,

Middle Proterozoic-Early Sinian igneous activities may have resulted
from a break-up of the established continental nuclear and mobile zones.
These volcanic uactivities have led to estalish calc-alkalic(Qiasi and Longme=
nshan zomes), oceanic tholeiitic (southern part of Yanbian-Bikou zone) and
bimodal(northern part of Yanbian-Bikou zone)associations. They can further
be divided into three cycles, i. e. Wuling, Jining and Chengjiang cycles,
sequentially, each of which ranges from basic to acidic in composition and
from eruption to intrusion in form.

During Late Sinian-Triassic vorious igneous activities have been associa-
ted with their corresponding development stages from continental through
intercontinental to oceanic rifts or of tremch-arc-backarc system. Early Per-
mian to Early-Middle Triassic ophiolite suite has been established along
Jinshajiang zone, Late Triassic magmatic arc (a clear andesite line) has been
formed along Yidun zone, Some incomplete ophiolites have been developed
in a back-arc basin along Litang and Dawu zones. Small number of olivine
basaltic lava, pyroclastics and radiolarian cherts occurred in Minjiang zone,
In Panzhihua-Xichang area, Late Permian bimodal magmatic association
shows that they have originated from contipental rifting.

Cretaceous igneous rocks have only been found in Yidun area, which
may be considered to be associated with Nujiang subduction zone rather
than Jinshajiang subduction zone. Local eruption of Tertianary basalts is
possibly associated with a collision of Indian and Eurasian Plates.

[ll, REGIONAL METAMORPHIC ROCKS AND METAMORPHISM

1. An Outline

The metamorphic rocks exposed in Sichuan province are extensively,
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with a total area of about 280000 km® These metamorphic rocks occurred
mostly in western Sichuan Plateau, western flank of Longmenshan Mountains,
and Kangdian, Dabashan and Yonyang-Xiushan areas. There are Pre-Sinian
metamorphic rocks mainly in eastern Sichuan, and Sinian-Triassic omes in
western Sichuan geosynclinal region.

2. Metamorphic periods, metamorphic rocks and its prolith formations

(1) Zhongtiao period (1800—2500 Ma)

Kangding Group metamorphosed during Zhongtiao period is mostly
exposed in Kangding-Panzhihua and Longmenshan-Dabashan areas. They
are represented by amphibolites, leptynites, leptites,schists and minor granu-
lites, Its protolish formations may be considered to be a sequence of basic
lava, intermediate-acidic pyroclastics, siltstones and argillaceous rocks. Addi~
tionally, there also are injection migmat-ite. migmatitic gneiss and migma-
granite, which make it to be different from Jinning metamorphic terranes,

(2) Jinning period (600—1000 Ma)

The Jinning metamorphic rocks occurred at both sides of the trunsitio-
nal zone, such as Huili Group of carbonate, phyllite, slate and metamorphosed
sandstone and volcanics, or Yanbian Group of slate, spilite, keratophyre,
chert, apd metamorphosed sandstone and volcanics.

(3) Caledonian period

The Caledonian metamorphic rocks have been found only in Dabashan
area. The low-metamorphoscd carbomates, cherts and carbonaceous-argillace=-
ous rocks range from Lower Sinian to Silurian in age.

(4) Hercynian period

These metamorphic rocks are distributed in western flank of Longmen-
shan Mountains, Jinshajiang and Tewo-Kangxian areas, The metamorphosed
strata range from Sinian to Permian in age. They consist of slate, phyllite,
schist, crystalline carbonate, and metamorphosed sandstone and basic volca-
nics. Moreover, there also are some migmatites along Jinshajiang zone and
in western flank of Longmenshan Mountains,

(5) Indosinian period

These metamorphic rocks form a mainbody of western Sichuan metamor-
phic terrene, which are metamorphosed to low greenschist facies. The pro-
tolish rocks are considered to be a terrigenous flysch formation.

3. Metamorphic units

A recognation of metamorphic units is illustrated in Table 2,
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Table 2 Metamorphic nnits

metamorphic nni

period metamorphosed strata
icrrane belt Znhe
Western
Hercynjan . Sinian~-Permian
Langmenshan
Werlern Al Barkam
Songpan-Garze Serxu Yajiang Iivlusinian Triassic (locally Permian)
Sichuan Yidun
Jinshajiang Hercynijan Sinian-L, 'ermjan
Mgotianling Jiang Likou Group
Qinling Tewo-Kangzian Hereynian Sinmian-TPerymiam
Diahashan Caledonian L. Sinian-Silurian
Ludiny~Panzhihua Lhohgliag Kavpding-Group
Huili, Dengxiangying and
Enili Jinntng .
Ebinn Groups
Southeaster n
Jinning Banxi Group
Sichuan
Yangizi
Luanxian=- Yanjing, Huangshuihe,
Jinning
Naniiang Baishuibe and Huodiya Groups
Yanbian Jinning Yanbian Uiroup
Central sichvan Zhongtiag Kangding Group
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and ite characteristics

metamorphic minerals

melaruorphic facies

Sillimanite, kyanite, staurolite, almaadine, biotite, sericite

and chlorite

rreenschin-amphibolite

embryonic biatite, sericite, ¢hlorite

low greenschist

Siltimanite, cordierite, cuntmingfonite, digpside, andalusite,

wollastoniic and scapolite

precnschist=amphibolite

garner, biptite, scricite and chlorite

mrechschise

hiotite, sericite aned chllorite

greenschise

sertcine and chloTte

low greenachist

hypersthene, sillimanite, cordicrile, andalusite, hotnhlende,

allmandine, biotite and chlorite

greenschist-granulite

gatnhet, biaiie, scriciee and chlarite

Rrernsehis

sericite and chlorite

low grecnschist

biotite, sertette,  and chlorite

low greenschist

biatite, actinelite, serivite and chlorite

low greenschist

greenschist-amphibolitz
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4. Metamorphic types

The metamorphic types are described as follows,

{1) Low-pressure regional dynamothermal metamorphism (I-type)

The metamorphosed strata range from Sinian to Lower Permian. They
appear as equally-spaced thermal domes along Jinshajiang zone. There is a
well-developed progressive metamorphism (lower greenschist-higher gree-
nschist-lower amphibolite facies). Migmatization occurred at central part of
thermal dome. The mineral association is predominated by andalusite and
cordierite in composition.

(2) Low-pressure regional dynamothermal metamerphism (li-type)

The Archean-Early Proterozoic Kangding rocks are metamorphosed to
amphibolite facies in large size. Migmatization is more intensive regionally.
This metamorphism has been controlled by high heat gradient in thin
continental crust.

(3) Intermediate-pressure regional dynamothermal metamorphism

The metamorphosed strata range from Sinian to Permian, These meta-
morphic rocks have been found in Longmenshan and Tewo-Kangxian areas.
They are consistent with intermediate-pressure Barrovian~-type metamorphic
series, There are kyanite-staurolite-almandine associations.

(4) Regional dynamometamorphism (greenschist type)

Middle Proterozoic Huili or Yanbian Group is metamorphosed to gree-
nschist facies (locally high greenschist facies). The metamorphic minerals
are mainly sericite, chlorite and biotite, with minor garnets at the bottom,

(5) Regional dynamometamorphism (phyllite and slate type)

The metamorphosed strata are mostly Triassic Xikang Group. The mio-
geosynclinal folding is responsible for this metamorphism. The mineral asso-
ciation is very simple. Generally, there is low greenscbist facies of slates,
phyllites and metamorphosed sandstones.

5. Migmatites and migmatization

The migmatizations closely associated with regional metamorphism
occurred mostly in Luding-Panzhihua area, which form Early Pre-Cambrian
basement complexes in Yangtzi paraplatform. Additionally, there are migma~
tite domes associated with Variscan metamorphistn along Jinshajiang and
Longmenshan zones.

There are migmatized metamorphics, injection migmatite, migmatitic
goneiss and migmatitic granite in Kangding Complex. These migmatites are
often limited to middle and lower parts of Kangding Group. They can be
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considered to be autechthonous and hypautochthonous remelting migmatites,
which is consistent with Early Proterozoic metamorphism in age.

Hercynian lower - pressure regional dynamothermal metamorphism is
responsible for Jinshajiang metamorrhic terrene, in which there are migma-
tized metamorphics, migmatite, migmatitic gneiss and granite. These migma-
tites are obviously controlled by tectonic thermal domes,

6. Metamorphism and crustal evolution

The Archean-Early Proterozoic strata were metamorphosed to amphibo-
lite facies, which indicates a thin crust occurred during Karly Pre-Cambrian
time, However, occurrence of thik clastic accumulations shows a crust simi-
lar to that of primitive island-arc type.

Middle Proterozoic geosynclinal folding has resulted in formation of
lower greenschist-facies rocks caused by regional dynamometamorphism.

Late Palaeozoic rifting and break-up of Yangtzi paraplatform were res=-
ponsible for Hercynian low-pressure regional dynamothermal metamorphism
and associated migmatizations, Indosinian orogenesis has caused large size of

greenschist-facies metamorphism,

IV. TECTONICS

1. An Outline

Geotectonically , Sichuan provinee is the juncture of three tectonic do—
moins, 1. . Tethys-Himalaya, Marginal-Pacific and Palaeo-Asiatic domains,
Here, it is included within four first-order tectonic unitsy Yangtzi paraplat-
form , Songpan-Garze, Sanjiang and Qinling fold systems, A boundary between
western geosyncline and eastern platform regions can be placed at Longmen-
shan, Yanjing-Wu-long, Xianshuihe and Xiaojinhe fault zones, from mnorth to
south.

In the eastern platform region, there are a basement with double-layer
tecture and a stable cover with Late Sinian-Middie Triassic marine-facies
sequence and post-Triassic continental-facies sediments. A folding of the
cover has resulted from Himalayan orogemnesis. The folded basement has been
recognized in western geosynclinal region, where Sinian-Triussic active—semia=
ctive formations occurred. Indosinian orogenesis has caused wholly uplifting
of western geosynclinal region, where no Jurassic-Cretaceous sediments has
been found. During Cenozoic period, block-fanlting and shallow-level shearing
in eastern platform are prominent, whereas western geosynclinal region is
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characterized by overthrusting and strike-slip faulting.

It can be divided into four major periods of tectonic ewolutionm, i, e. for—
mation of ancient continental nucleus or crystalline basement, establishment
of mobile zone (folded basement), development of Yangtzi platform and late
modification.

2.Tectonic Cycles and Structural stages

The tectonic cycles and structural stages or substages have been recog-
nized, on the basis of comprehensive evidences,

(1) Zhongtiao and/or older cycle (Archean-Early Proterozoic)

This cycle is represented by formation of crystalline basements. It con—
sists of basic, intermediate and acidic wvolcanics and pyroclastics, and sedi-
mentary formations, which are metamorphosed and migmatized to a variety of
crystalline schist, gneiss and migmatite. Isotopic dating gives values ranging
from 2950Ma to 1700Ma.

(2) Jinning cycle (Middle Proterozoic)

This cycle is represented by Middle Proterozoic Huili (miogeosyncline)
and Yanbian (eugeosyncline) Groups, which are uncomformably overlain by
Sinian strata. [sotopic age determination gives values ranging between 1700Ma
and 850Ma.

(3) Chengjiang cycle (Early Sinian)

Chengjiang cycle is a transition from nonstabilized to stabilized stages,
which is characterized by Lower Sinian continental-facies eruptives and till
accumulations, It may be interpreted as mallasse formations caused by
Jinning orogenesis. Isotopic dating gives values ranging from 850Ma and
700Ma, |

(4) Caledonian cycle (Late Sinian-Silurian)

This cycle is geotectonically epeirogenctic. The epeirogenesis has resulted
in formations of both Kangdian and Leshan-Longnusi ancient uplifts. There
are some disconformities in Lower Palaeozoic sequence. However, there are
complex substable formations of clastics and voleaniclastics in Dabashan,
Songpan-Ruoergai, Longmenshan, Garze areas and western geosynclinal iegion,

(5) Variscan cycle (Devonian-Early Permian)

This cycle inherited Caledomian cycle in character within eastern plat-
form region which is also epeirogenetic, geotectomically. However, there is a
variscan folding movement in Batang area, western Sichuan plateau, as indi-
cated by an unconformity between Upper and Lower Permian,

( 6) Indosinian cycle (Late Permian-Triassic)
Indosinian cycle is very importaat in Sichuan province. Folding and up-
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lifting of western geosynclinal region has caused marine waters to withdraw
from this province wholly.
(7) Yanshanian cycle (Jurassic-Cretaceous)

There was large-size block—faulting in eastern platform region, as indica=-
ted by anunconformity betwecen Upper Cretaceous-Palaeogene Zhengyang
formation and older Triassic or Jurassic strata, Only have Yanshanian reme-
lting granites been found in western geosynclinal region.

(8) Himalayan cycle (Tertiary-Quaternary)

A relationship between Palaeogene and Cretaceous strata is contineously.
However, an unconformity between Palaeogene and Neogene strata shows
appearence of Himalayan movement, which has caused the sedimentary cover
to fold wholly. In western geosynclinal region, this cycle is characterized by
combination of overthrusting, strike-slip faulting and detachment,

3. Main Tectonic Units

The recognized first-order( I ), second-order (I[ )and thirdorder (II) tec-
tonic units within this province are as follows.
Ii Yangtzi paraplatform

I, Kangdian axis
I Luding-Miyi platform-uprise
E: Yanbian platform-uprise
B: Mishi-Jiangzhou platform-subside
I, Dongchuan fault-uprise

I: Yanyuan-Lijiang margional deep
s Jinhe fault-folded zone
I Yanyuan folded zone

Is Dabashan-Longmenshan margiongl deep
I: Longmenshan fault-folded zone
Fs Haonnan platform-uprise
I: Dabashan foided zone

I, Upper Yangtzi platform folded belt
Ii» Emeishan platform-uprise
I Liangshan folded zone
I.: Southeastern Sichuan folded zone

§; Sichuan platform subside
Iis Central Sichuan platform-uprise
b« Western Sichuan platform-subside
I:s Northern Sichuan platform-subside
I« Eastern Sichuan folded zone
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I. Qinling geosynclinal fold system
I+ Northern Dabashan miogeosynclinal fold belt
I: Western Qinling miosynclinal fold belt
Bi- Jiangza geoanticline
I:.. Motianiing geoanticline
I. Songpan—Garze geosynclinal fold system
Is Bayan Hur miogeosyuclinal fold belt
Iis Anyemaqgen geoanticline
B:» Maerkang geosyncline
I.: Maowen-Danba gecanticline
F:: Ruoergai massif
I: Yajiang miogeosynclinal fold belt
U;» Luhuo geounticline
B:« Yajiang geosyncline
0:s Jiulong geoanticline
lie Yidum engeosynclinal fold belt
I.. Litang geoanticline
I+ Yidum geosyncline
0:s Zhongza geoanticline
I, Sanjiang fold system
i, Batang eugeusynclinal fold belt
B Batang geoanticline

4. Deep Structure and Deep Fractures

(1) Deep-seated structure
The available geophysical data suggest that Moho beneath Sichuan pro-
vince is generally deepening from east to west. It is divided into both eastern
mantle—flat and western wantle depression regions, on the basis of Moho
depth. Also, several seismic profiles in Sichuan province indicate that the
crust is laterally layered and hetcrogeneous.,
(2) Fracture systems and its characteristics
The deep fracture systems consist of translithospheric, lithospheric, si =
maspheric and sialspheric faults,
(a) Kangdian deep fracture system
This deep fracture system contains Anninghe, Mopanshan, Xiaojiang and
Jinhe-Chenghai deep faalt zones, which are located at western margion of
Yangtzi paraplatiorm. They are long-active deep faults since the termal Pro—
terozoic, for which repeated reactivation is obvious, particularly during Late
Palaeozoic-Early Mesozoic and Cenozoic times. Its control on mineral deposits
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is important.
(k) Yulong-Longmenshan deep fracture system
This system consists of Xiaojinhe, Yingxiu and Maowen deep fault zomes,
which trends in N-E direction. They are boundary faults between westeru
geosyncline and eastern platform. Regions Since Cenozoic, these faunlts have
been reactivated as gverthrusting faults,
( € ) Dabashan fracture system
This system is considered as a boundary between OQinling geosynclinal
fold systern and Yangtzi paraplatform. There are Palaeozoic miogeosynclinal
formations and platform shallow—sea sediments, respectively, to north and to
south of this fracture system, During Indosinian period, they were reactiva-
ted as a detachment fault, which has caused shortening of crust in southern
Qinling area.
(d) Eastern Kunlun-Southern Qinling fracture system
This fracture system, locally ealled Magin-Lueyang fault zone, is consi-
dered as a boundary between Qinling and Songpan-Garze geosynclinal fold
system, which is likely overthrusting or thrusting in character,
( e ) Dawu-Mashan fracture system
This fracture system, locally called Xianshuihe fault zone within Sichuan
province, is long-active since Permian time, This fracture system has evoloed
from early extension (Early Permian~late Triassic) through dextral wrench
to late sipitral wrench in character,
( f ) Jinshajiang deep fracture system
This system consists of Jinshajiang, Delei~Dinggu and Garze-Litang deep
fault zones. The Jinshajiang fault zone is a boundary between Sanjiang and
Songpan-Garze fold system, which may be interpreted as a suture zone. The
Garze-Litang fault zone is considered to be a penctrated frocture into upper
mantle,on the basis of lithological records. The Delei-Dingqu faunlt zone is
responsible for change of sedimentary facies in both sides of it, indicating a

sialspheric fanlt zone.

5. Neotectonic Movement

A neotectonic movement at the boundary between Palaeogene and Neo-
gene is importunt in Sichuan province, which has caused ceasing of sedime-
ntation in Sichuan-Yunnan-Guizhou continental-facies basin and folding of
the cover ranging from Sinian to Palaeogene. This movement has resulted in
formation of network fault system, which is characterized by reactivated and
neogenic fractures. The junctions of network fault zones controlled the distri-

bution of seismic zomes, such as the famous Xianshuihe, Litang, Batang,
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Yanyuan and Xichang zones. Also, there often is a series of NE- and NW-
trending fault zones, which overthrust Palaeogene and older strata on Neo-
gene and Quaternary strata, such as Muli-Yanyuan and Longmenshan nappes,
Generally, strike-slip faulting or block-faulting associated with this neotecto-
nic movement have resulted in developments of small-size down-faulted ba-
sins in western Sichuan area. However, these uplifted blocks form three geo-
morphological domains, i, e, Western Sichuan Plateau, lLiangshan Platean
Mountain and Peripheral Mountains.

V. REGIONAL GEOLOGICAL HISTORY

Generally, a crustal evolution of Sichuan province can be divided into
the following three stages.

1. A formation of basement (Archean-Middle Proterozoic)

The crystalline basement rocks represented by Kangding Group have
been formed during 2300—1700 Ma, which are different {rom the confirmed
Middle Proterozoic formations in protolith, mctamorphism and tectonic style.
The crystalline basement rocks form an ancient continental nucleus in Sic-
huan province. As a break-up of the continental nucleus occurred, a seres of
miogeosyncline and eugeosyncline has been established, which has been fol-
ded and metamorphosed through Jinning orogenesis. Thus, the basement with
a double~layer texture has been formed.

2. A differentiation of geosyncline and platform (Sinian-Triassic)

Since Sinian, the castern Sichuan has come into a stable platform stage.
Early Sinian volcanic-mollasse accumulations show that a crust was then
not so much stable, Many disconformities present in the OSinian-Triassic
cover indicate they may have resulted from a crustal pulsation. An area of
epicontinental sea was decreasing greatly during Late Silurian-Carboniferous
time. Finally, because of influence of Indosinian orogenesis, the sea waters
were wholly withdrawn from eastern Sichuan, which has led it to come into
a continental basin stage,

A geosynclinal environment (coantinental-margin mobile zone) was pre-
sent in western Sichuan area during this stage. Since Late Palaeozoic, a break
-up of continental margin has caused occurrence of mature and/or imma-
ture oceanic crusts along Jinshajiang and Garze-litang zones. During Late
Triassic time,an island-arc with calc-alkalic andesite-rhyolite association
~as been established along Yidun zone, Finally, Indosinian orogenesis has
resulted in formation of magnificent Iudosinian fold system.

3. Intia-continental modification (Jurassic-Quaternary)
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The post-Triassic intracontinental modification has resulted in develop~
ment of continental fluvial-lacustrine facies basins in eastern Sichuan. Since
Cretaceous, lacustrine sedimentation has been limited to western and south-
western flanks of Sichuan Basin, There is no Jurassic and Cretaceous sedi-
ments in western Sichuan Plateau. However, collision~type remelting granites
have been found in Yidun and Aba areas. '

Himalayan movement in Sichnan province occurred at the boundary
between Palaeogene and Neogene, which has caused rapidly uplifting of wes-
tern platean, development of strike-slip faulting, nappe structure and seismic
activity , and formation of small down—faulted basins. Also, several periods of

glaciation and interglaciation appeared under the influence of uplifting pro-

cess.
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