"o LITHOSPHERIC DYNAMICS ATLAS OF CHINA



, BRI
(hEEBEDNE HEE) HES

Editorial Board for Lithospheric Dynamics Atlas of
China, State Seismological Bureau

LITHOSPHERIC DYNAMICS ATLAS
OF CHINA

o [E] 1t ] tH hR A

China Cartographic Publishing House

dE - =
Beijing China







] B

A+ RE Rt IRF 09 £ 2F B o MR B F W24 A0 fb o BRI Aok iE R " PSS
S BN T OV | S EAE B R CIER R AR R A B, SRR E A AR S
PRAFAE IR 1A 92 R 8995 0 , M BIE 1 T M IR Y X — AP L IE AR BEAS R 1 L F2 28 = o B AR 1L T A
1 LA 77 i 2 ]

IR — N LUKRE A £ (RE0E K , A 15 K 0 0 30 #gite & 0 , T 00 16 b TRAL2F BT 0B RA 9 55 o 1R B R AT
W, RERFE KRR RET AMFE R TEE , 208 REHRYEN BT . BEIE &
SR ) o AL s 3t TR Ay A0 BB TAREREA , AL EmAGE KT il # | BT A 1982447 , B
RURE TATRE (PEETEHHFMEE) (UTHAE (EE) ) BES, £h “AE" W66 E S HHFR
By (EE) DS RAREE EEHRILHEL bty  WEEDATEAE , k5 Aok R R b 2
—AiN|

(E%) BoFEEss , TEH  HX¥ k6N [EKEE DEE60E% . TRAEALE , ERER
MR MR AT, R XAEREALAEEME, (AL) 5%d (A%) HFL 064645152, HER oy 4th 1 B
MRFT i, SmELEGHE MR E I HRRF S M TR A | IR AR AL . 2 M
WRHARF  URASEE (K) R (4) WATHERIER 2R T BE0E S NE 86 B
Shamib (314 |, BH A 47200 41

(E£) AI X E#*aERNAKREES , ENR 1. AN AH3BEAGME EXERAN (PELEBEHH
FHEE) & (BE) WER 2. -8 1:400 7 (PERLPEHXLEE N LE) it ERLBESH

(E%) o “HE" BMTRE , BFRMOERYE T19855 107228 —26H F11F 2 HEBERR . L EFHHE
FFER - SRR ET N LA 100 25 REK , HWHTEELRERA 52 FAR . DRE . T4
B OBHE I O MBUEAKTFEEAL , AU EREHTTARIFEY B TiFEP HhE LR, 2L
B (EE) o “HE" WRELTEEZER .,

EfEY F1986 5 2 B2 A EITXER L % Raymand A. Price> Karl Fuchs foft# KEdward A .
Flinn, Henk J. Zwart #EAREEHEN , 34 (PELTEHpHEHEL) £ 1:400 F “HE" kHE
Fr & % [ R 6 3 B4 , %5 23] 0125700126

BT SHE A AR XA ETUGE | FURARER A TH LR LN 4L TR LT
2 77 F oy E AN & fo B E 0 B 5K

amﬁéa@%gwikﬁmﬁ.iﬂ%%ﬂ?%ﬁﬁﬁ%aﬂﬁ@.ma%ﬁi#$MiwﬁW£ﬁ%ﬁE
ZEMEBE , CASHMT LT E g ETHANF , CRAFH ALY R CHRNE &K T4 thizzh
897] . WHIRBFREE I, TR R MR B fo g At AEEFIEEE B ¥ EEH L5 B
EHEHRLE R £ R

wmﬁwmsﬁﬁmwﬁmﬁﬁ&,AMﬁ%ﬁ‘$ﬁ.%m\ﬁﬁ.ﬁﬁxﬁﬂ‘ﬁ%ﬁﬁﬁﬁﬁﬁﬁﬁﬁ
é@m&ﬂ%a@ﬁﬁ#ﬁﬁozuﬁ@&ﬁﬁ$@£%ﬁ#mmﬁﬁ%ﬁ£m‘ﬁﬁ%g@ﬁﬁ#ﬁﬁ%%g,
ﬁﬁ%é!&ﬁ&%%ﬁ&%%%ﬂm.ﬂ%mﬁwg\wﬁk#\ﬁm&%ﬁﬁﬂﬁ%%&%@ﬁ,EMWﬁm
ﬁwmruoﬁ#ﬂ)u%,#%%%ééﬁ%%%ﬁﬁﬁﬁ%@ﬁﬁ%u%%ﬁ%:i%TﬁE%E@mR@M
ﬂ%m,u&m%ﬁﬁﬁwaﬁﬁﬁwﬁay#ﬁi?ﬁ%é%ﬁﬁﬁm@?.W%Eﬂﬁﬁm#wﬂk\%%$
HHUREAREE |

R, REXLSNBFENE (K) WRAEiAR 2 5 B2 254E AR IS 4 B | % E ik —
PEREER . (B AEETEH D FABMERNRTE (BHRFER) dhksk , RET A RSB MR
HERR , FUMA FREE  GFPEARRARERERS .

a ik . £F

34w




INTRODUCTION

gram on the Dynamics and Evolution of the Lithosphere — The Framework for Farth

The International InterdisciplinaryResearch Pro
Resourcesand the Reductionof Hazards,was established by ICSU in response Lo a joint proposal from UGG and 1UGS, in an attempl to meel
new challenges of the 1980's. The main objective of the program is to elucidate the nature,

because it is the continents that contain what remains of the first 95% of

some of the dynamics, origin and evolution of the
lithosphere, with special attention to the continents and their margins,

the earth’s history. The evolutional history of the continental lithosphere is complex, and is much less well understood than even the imperfect
evolutionary history that has been outlined for the oceanic lithosphere. Therefore one of the principal motives behind the lithosphere program is
rtually all our mineral and energy resources, and the space in which

to fill this gap in our knowledge of that part of theEarth that has provided vi

we live.
utheastern part of the Eurasian Plate, which is in a unique geodynamic position, thus offering a good opportunity

China is situated in the so
ental lithosphere. In the past 20 years a wealth of new data from all branches of earth sciences and from every

for study of dynamics of contin
provinces has been accumulated. Thus the time appeared right
far. This consideration promoted the State Seismological Bureau to establish aLithospheric Dynamics Ma
scale of 1:14 000 000 and a 1:4 000 000 scale Lithospheric Dynamics Map of China and Adjacent Seas

for an attempt at a comprehensive treatment of the new data and insight gained so
p Project in 1982 to produce a
comprehensive set of 68 maps on the

The map project is directed by the Editorial Board, the chairman of which coordinates map production through Project Officein the Institute
of Geology, State Seismological Bureau. More than 200 earth scientists from 7 different Institutes of State Seismological Bureau and the
Provincial Seismological Bureaus and also from Wuhan Geological College, the Aerogeophysical Team of the Ministry of Geology and Mineral
Resources have taken part in this work.

The Atlas portrays the lithospheric dynamics of China comprehensively through 6 series of maps, including geology, geophysics

geochemistry, neotectonics, seismicity, provincial sei ics and regional lithospheric dynamic features. The geological map series serves
asa background for the lithospheric dynamic processes, beacuse it is believed that the earlier tectonic evolution may furnish some guidelines for
subsequent dynamic processes. The other map series assemble information on movement and deformation of the lithosphere and illustrate
processes that occurred during the Neotectonic period (since 3.5 Ma ago) and that are taking place now. It also provides data on the nature of the
lithosphere, crustal and upper mantle structure, geothermal data, density imbalance and state of stress that might cause future movements. Thus
the Atlas provides a background for further research on contemporary lithospheric dynamics and serves as regional framework for extrapolating

those active processes into the geological past and the future.

Th 5 #.F ¢ - e
= P and »n of the geological hazards are of the principal areas of immediate applicability of the research
results to be achieved under this program. The research will also contribute knowledge needed for protection of environment and for exploration

of mineral and energy resources.
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LITHOSPHERIC DYNAMICS ATLAS OF CHINA
EXPLANATION TO MAPS

sEOLOGICAL MAP SERIES

The geological map series serves as th SIS ckgi z S| d rocesses, Itconsists
g 5 € basis and background for studying the lithospheric dynamic I > «

of a series ¢ € maps geology, geotectonics ecamb ec c f w

of five maps including those on the g 4 zeotecton ¢ rl : K

tectonics and structures interpreted from Landsat images of China WieshapieLanpioe

The geological map is quite objective, which depicts rock groups of various ages and other main geological features.
Therefore it contains the basic geological information that will form the background for the aother thematic maps

The three tectonic maps give a tectonic synopsis of the Precambrian, Paleozoic, Mesozoic and Cenozoic time. So far
most tectonic maps use the fold belt as the basic unit and the geosynclinal theory as the basic philosophy. However . the
advent of new global tectonics produced a revolution in the Earth sciences. Therefore the authors have tried to INcorpo
rate plate tectonic concepts in the tectonic maps. In the light of ocean ‘opening’ and ‘closing’, the tectonic evolution of
different stages has been revealed by the analysis of the tectonic environment and the tectonic-depositional setting of the
rock units involved, the identification of tectonic units and structural elements and the various ages of deformation that
have affected them.

The interpretation of the Landsat images gives a general view of the surface structures in China, among which the
active structures have been differentiated through various criteria.

Ma Xingyuan

GEOPHYSICAL AND GEOCHEMICAL MAP SERIES

The map series mainly consists of Bouguer gravity anomalies averaged in grid 1°x1°, free-air gravity anomalies aver-
aged in grid 1°x 1°, isostatic gravity anomalies averaged in grid 1°x 1°, aeromagnetic anomalies (ATa) averaged in grid |
«1°, crustal thickness by gravity inversion, distribution of Cenozoic magmatic rocks, geothermal features and geothermics
and seismicity. The main purpose of compilation of this map series is to show the general characteristics of some geophy-
sical fields in China, such as gravity, geomagnetic and geothermal fields, reflecting some features of the lithospheric struc-
ture and geodynamic processes in China.

Since the gravity and aeromagnetic maps resulted from averaging the gravity and magnetic fields in grids 1°<1° res -
pectively, a lot of details in both fields have been smoothed out, however,the general configurations of the fields still re-
mainThe crustal thickness has been estimated from the mean Bouguer gravity anomalies in grids 1°x1° by using the sin
X/X formula, even though the method is simple, the results are basically true in reflecting general tendency of variation in
crustal thickness in China. The hot springs are grouped in accordance with their temperatures and hydrochemical types. and
heat flow values and isotherm at the depth of 1000 m have been involved in the geothermal features map. Using this infor
mation we try to show some general state of the geothermal field in China

By analysis and comparison of the geothermics and seismicity maps a relationship between the geothermal activities
and the seismicities in China has been revealed. The locations, ages, lithological characteristics, patterns of magmatic acti-
vity and geochemical features of the Cenozoic magmatic rocks have been included in the map of Cenozoic magmatic rocks.

Some common features have been revealed in this map series. For example, from the features of gravity and geomagnat-
ic fields the continental part of China can be divided into a specific western region and a specific eastern region. Thebound-
ary between them is a north-south geotectonic belt along an eastern longitude from 102°(South) to 107 *(North). The region-
al trend of gravity and aeromagnetic fields is mainly in NE-NNE direction, but some regional anomalies in EW direction
also can be seen in the eastern region. The regional trend, however.is mainly in WNW direction in the western region. The
isostatic gravity anomalies and free-air gravity anomalies are very weak in the eastern region and are very strong in the
western region, but are nearly isostatic on the Qinghai-Xizang Plateau. The crustal thickness is gradually increasing from
the eastern sea area toward the western mountain area, meanwhile in the western region the crustal thickness is gradually
decreasing from the Qinghai-Xizang Plateau with a maximum thickness northward to the northern border. The density of
distribution and the temperature of hot springs are gradually reduced from the eastern continental margin toward the inland
and are gradually reduced from Qinghai-Xizang  Plateau toward northern border in the western region. The magmatic
activities during the Cenozoic time mainlyoccurred in the eastern continental margin or in the adjacent area. In addition, many
Cenozoic magmatic activities had also taken place on the Qinghai-Xizang Plateau. The above mentioned facts may reflect a
result of combining effects of the Pacific Plate and Indian Plate on the China continent.

Liu Guodong




NEOTECTONIC MAP SERIES
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SEISMICITY MAP SERIES

Spatial distribution of tectonic earthquakes portrays the patterns of active tectonics, and their temporal distrib
lects stress and energy of “microdynamic status” in the lithosphere.

Se|§n1|c sequences and surficial fracture features are expressions of microtextures of focal areas and the dynamic processe
a.f the hthosvphereA In a word, earthquakes, one by one, which provide both physical and historical mturm;n;mx di
tion by secnon,.!he present-day dynamic status of the lithosphere, as shown on a screen with different colors. Ir
trace these sections. this map series is compiled. :

2 Irl1‘ ea§lem China, dislributionAo'f historical earthquakes is similar to that the instruments recorded, but seismological r
giona 1zat19n and d?gree of seismicity are remarkably different. Nevertheless, one thing is the same, all earthqual e
generated in the middle and upper crust, and along the network woven with NE-NNE and NW-WNW seismog :
Ff)cal.mechanlsm solutions show that the principal compressive stress axis is in nearly EW direction in ez . z
direction north of the Yangtze River, and in ESE direction south of it. ; e

Strong earthquakes in western Chin 1 .
s l(jxn;rte ;.e]atled to the lithospheric structures, and to thesharp change in
: 5 udinal mid-axial belt which goes from the so
: r uthern > Bz
China and Mongolia to the Hengduan Range of China,a NE-trending strong seismic belt from ”e”d “[thlm [‘Im
Lake to the northern Pamir, and NW- i i . : : e
3 an NW-trending arcuate seismic b i :
: elt along the Himalayas,consti i }
region. These three belts correspond to three large thickness-chan; sing belt g 'a d)d-b',t»(msmme i ithickes
MongolPlateau. Its thickest crust is one of the conditions for its& % Sl _the Qinghai-Xizang Plateau and western Nei
T e o Eogaie active seismicity. Its microzonation are related to se
ary faultsO." such a setting, the seismogenic lineaments also rz: :i’\./ i vchange i ol
amism solutions and seismic slipping on faults show that the princi and NE, forming a net-like pattern. However,focal mech
dynamicsresults from the compression south of the Himal e principal compressive stress axis runs NS, and that the regional
B .. m: i I i -
Although the seismicity is greatly dif alayan Rangeas indicated by intensity and frequency of earthqual
short tim : ; v different between eastern and “hi e g e
China an: -l:er'(;c!' Four high seismicity periods called seismoacti w'esot;m B el o foi i
its adjacent areas. Each epi ve episodes during this ; 48
d : o g this century have been recognized
sodes. Three quiet epi s about ten years or mory i : e
since 1976 D:ring e:é;Odeé' ;ach lasting about ten years, have been reczlgrllgimgez\ active episodes are aseismic quiet epis
O episode seismicit : : gt iCumently, it is the f
of seismicity in a lar, Y occurs in one or two seismi el e quict episode
) ge-scalespace and i = : Selsmic areas or zones. A .
S s el { e Mty et bt = ¢ - remarkable change or migration
riod, een episodes. i
period, and also an actual expression of microdynalr"ni ets L i cathouake predic
C status of stress field in the lithosphere.

Ma Zongjin and Gao Weiming




SEISMOTECTONIC MAP SERIES

Seismic activity is the most obvious manifestation of the recent tectonic movement and the continuous development of
neotectonism on the surface. Meanwhile, the earthquake has taken place on a certain tectonic setting. The seismotectonic
maps show the relationship between seismicity and tectonics, and especially the relationship between earthquakes and neo
tectonic movements in a visual and imagery pattern. So the compiled maps can serve not only as a basis for seismic in
tensity regionalization, but also provide the necessary basic materials for studying recent crustal movement and lithospheric
dynamics.

rative divi

The seismotectonic map series consists of 29 maps, i.e. 28 provincial and regional maps compiled in adminis
sion units, provinces and regions, and one all-China map showing the seismotectonic framework and characteristics in the
whole country. The provincial and regional maps reflect objectively the real materials on the static and dynamic character
istics of geologic structures and seismicity in every provinces and regions, and the all-China map is compiled on the basis
of synthesis and selection of materials from the provincial and regional maps and some supplements.

A deep analysis of structure of the continental lithosphere is required for studying the lithospheric evolution and dyna-
mic process, and revealing the regularities of earthquake preparation by means of an inhomogeneous dynamic earth model.
In order to clarify the seismogeologic conditions for positions of earthquakes the uplifts are identified on the crystalline ba
sement, sedimentary cover and fold belt (zone). The formation and development of basins are the expression of lithospheric
evolution and dynamic process. Thus the various basins and depressions are generalized into seven types. The isopach of
sediments and rates of subsidence are also distinguished into five types. They may provide a concrete basis for analysis of
lithospheric  dynamics.

The geophysical data are also important for understanding the structure of continental lithosphere. The data on aero-
magnetic anomalies, gravity anomalies, crustal thickenss, heat flow values, focal depths and focal mechanism solutions used
in the maps reveal to different extent the stress state, pattern of movement, strain conditions and structural features at
different depths and levels of the lithosphere.

The maps reflect the division of active faults, active folds, major lineamants interpreted on the satellite images and
from data of observations. The movement rates obtained from deformation, stress and geologic surveys,formation of earth-
quake-generated faults, Cenozoic magmatic activity,especially the Holocene volcanic eruptions and the distribution of recent
volcanic vents and mud volcanoes, and hot springs with temperatures higher than 25°C are the distinct indicators of the neo-
tectonic movement, which are shown respectively in the maps.

The seismicity may be considered as a result of dynamic process of the lithosphere on the recent stress field. From data
of instrumental records two periods separated by 1900 for earthquakes are shown in the maps. The seismicity is different
in individual provinces and regions, thus it is shown with different methods in the maps for high-seismic areas and lower or
less seismic areas. The distribution of focal depths indicates structural characteristics of different levels of the lithosphere.
Therefore, the shallow-focus earthquakes are shown in detail by their magnitudes. The data of focal mechanism solutions
used in the maps can indicate the nature of the faults where earthquakes occurred, corresponding to the fault activity in
the maps.

Cai  Wenbo

LITHOSPHERIC DYNAMICS MAP SERIES

China mainland is controlled by two worldwide currently active boundaries, the Western Pacific Island Arc System
and the Himalayan-Alpine Orogenic Belt.1t is a first-order division for lithospheric dynamics, and continuously displays evo-
lutional features of the two boundaries and the China mainland itself, as well as their interaction.

Seven second-order divisions are recognized according to the structural and dynamic characteristics of the lithosphere in
China. They are the Northeast China, North China, Southeast China, Taiwan, South China Sea, Northwest China, and Qing-
hai-Xizang. The crust in three areas, the Northeast China, the North China, and Southeast China, is thick on the west and
thin on the east, from 45 km to about 30~20 km. Da Hinggan-Taihang-Wuling Mts . belt is a big gravitational gradient belt
and a sharply-changing crustal thickness belt running NE through the eastern China. Structures in these three areas are
mainly NE-trending. In general, they undergo the same dynamic force from the Western Pacific Island Arc. However, a
great difference among them exists in the constitution and evolution of the upper crust, developmental history of Mesozoic
and Cenozoic tectonic basins, degree of volcanism or magmatism, slip rates on active faults, crustal deformation, and seismi-
city, showing mutual independence of the three areas. Among which, in North China the lithospheric thickness is thinner,
about 70~80km, the crustal structure is more complex, the middle crust is usually characterized by a low velocity zone
or alternation of higher and lower velocity layers,and Moho is usually a transition zone from the crust to the mantle.
These features are related with a strong extension of the lithosphere and the magmatic intrusions in the North China during
the Cenozoic period. The Taiwan area is a part of the Western Pacific Island Arc System, and is closely related to the south-
east China. The South China Sea area is the sole area with both continental and oceanic crust, and is characterized by
ocean spreading movements.

The two areas in western China together with the western NeiMongal Plateau constitute an area with thicker crust. Its
thickness gradient is in general higher than that in eastern China; its main structures, in particular, the gradient belt of crustal
thickness and gravity belt run EW. However, NE- or NW-trending structures in the upper crust are remarkable, which can
be contrasted with those in eastern China. The difference between the Northwest and Southwest China is in overall struc-
ture. Southwest China is a tectonic block with its accompanying uplift by NS compression. Its crust is convex at the top
and concave at the bottom, and the Northwest China is a relative depression where a big fault basin is joined with a band—
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