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Abstract

The seismotectonic conditions in China are determined by the fact that
the Eurasian, the Indian, the Philippine and the pacific tectonic plates
exte.nd into its vicinity.The Pacific plate pushes from the NE, the Philip-
pine plate from the SE and the Indian plate from the S into the Eurasian
plate.The intraplate stresses in China are the continuation of the.ih_dica-
ted rim stresses.Evidence for their orientation is based on the statistical
assessment of in-situ measurements, eé.rthquake fault plane solutions, va-
lley trends and joint ofientatio‘ns.lnaSmulch“as the direction of the rim
stresses is different in various sectors, their continuation into the plate

interior must eventually lead to a stress discontinuity: This is the band

of the N-S seismic zone at roughly, 1064°E longitude.Thus,the latter is seen .

to be a direct consequence of the plate tectonic conditions prevailing in
the vicinity of China,

1.Introduction

Earthquakes are the result of the release of stresses in thelithosphere.
Thus, seismic events are a direct response' to the comportment of the
neotectonic stress field.The present paper has as its aim the determina-
tion of this neotectonic stress field in the Chinese craton.

The present writers have previously collected available evidence in
various partial regions of the Chinese craton regarding the orientation of
the tectonic stresses therein.This was mostly done by perusing data avai-

lable in the literature on in-situ measurements, on geodetic strain measure-
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ments and on fault plane solutions of earthquakes. In addition, the oriear-
tation structure of the drainage nets in various :ﬁar'ts,of “China' has: -been-
interpreted in. terms of neotectodic stresses according to a method proposed
by Scheidegger ( 1979a ) .Meanwhile, it has become possible to_ .collect.  addi:
tional evidence in the field, which is based upon the interpretation of the
orientations of joints in recent rock outcrops.This new evidence will be
presented in this paper.

If all the evidence is taken together, a geotectonic model of the Chi-
nese craton is indicated, in which it js supposed that the intraplate stre-
sses in China are the continuation of the rim stresses caused by the colli-
sion of the Eurasian, the Philippine,the Pacific and the Indian lithospheric
plates, The continuation of the rim stresses into the plate interior must of
necessity lead to a stress-discontinuity.This is the well-known- N-S seis-
mic zone at 104°E longitude.Thus,the latter is seen to be a consequence of
the plate-tectonic co(ndit;ons prevailing in the vicinity of the Chinese cra-
ton. ‘ |

2.General tectonic conditions

Up until receutly, the tectonic pattern of the Chinese craton has gé-

" nerally been interpreted in“terms of blockfaulting (cf..el-g. Chang, 1961) .

Thus, depressed and elevated areas, separated by deep-seated fault zones,
have been delineated . A typical example of this ty'p‘e of " tectonic interpre-
tation is shown in Fig.1; its style corresponds very much to the view of
geotectonics propagated by Belousov (1980) . C

One of the most pr'ominént “deep seated faults” shown in Figure 1 is
represented by the zone formed by the mountain chains of the Hengduan
Shan, Longmen Shan, Liupan Shan and Helan Shan.This zone is charac-
terized bby a pronounced seismicity.Thus, it is in this. zone that the severe
earthquakes e.g.of 16 December 1920 near Jingtai (M=8.5), of 25 August
1933 near Diexi(M=7.5), of 5 January 1970 near Tunghai (M=7.7) and
of 6 March 1973 near Luhuo (M=7.9) occu;red. [nasmuch as this zone
straddles more or. less the 104°E-meridian, it has become known as the
“140°N-S seismic zone of China” ( Wang et al., 1976) .

However, the interpretation of geotectonics in terms of block movme-
nts separated by deep-seated faults has recently fallen out of favor.It is
much more likely that the tectonic features are the results, of the move-
ments of lithospheric plates.It is commonly assumed that four “plates” col-
lide -in the vicinity of the Chinese craton; The Eurasian plate . to the
north, the Indian plate to the SSW, the Philippine plate to the ESE and
the Pacific plate to the ENE (Aji and Scheidegger, 1983) . In such . a
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scheme, the 104°-seismic zone would represent a geometrically necessary
discontinuity in the ncotectonic stress field ( Fig.2 ).

In the present paper, we shall adduce further evidence corroborating

the ‘model proposed in Fig. 2. -
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Fig.1 Interpretation of the tectonics of the Chinese craton in terms
of block faulting ( schematically after Chang, 1961) .

p \ o
model

-
R

\Ar/ «“\> ‘w%,g

N

Fig. 2 Plate-tectonic model of the Chinese craton.

3.Summary of previous data

Data for the corroboration of the stress model outlined in Fig, 2 have
been collected previously by the writers.These will now be reviewed brief-
Iy. '

The available data that can be used for the indicated purpose stem
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(1) from fault plane solutions of earthquakes, ( I ) from in-situ stre-.
ss measurements, ( B ) from the analysis of the orientation structure of
hydrographic nets and (N ) from geodetic strain measurements,Individuga] |
studies have been made by the present writers for various partial areas
of the Chinese craton, s'.uch as for Tibet (Ai and Scheidegger, 1981),
Shanxi, Gansu, Ningxia and Qinghai ( Ai et al.1981), So‘uth-'East Chin:a'
(Aji et al.1982) and North China ( Ai and Scheidegger, 1983 ) .The areas
covered in the individual papers straddle the “natural” regions implied -in
the scheme presented in Fig. 2 .Thus, results pertinent e.g. to the 104°-sei-
smic zone are contained in different papers ( Ai et al., 1981, 1982).

We have collected the numerical results from the papers mentioned abo-
ve once more and have listed them in Table 1 .These values are averages
for the azimuth of the maximum-compression direction obtained by the
methods outlined above.In Fig. 3, these directions have been plotted 6,n a

geographic map.
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Fig.3 Direction of maximum compression in various parts of the

Chinese craton as determined from seismic, geodetic,
geomorphic and in-situ data,The letters refer to the

regions indicated in Table 1.

In order to arrive at a useful plate-tectonic interpretation, the above
values -have been grouped into “natural” groups as they pertain to the in-
fluence. regions of the four colliding plates.The ‘resultmg averages have al-
so been listed in Table 1 the corresponding directions have been plotted
in Fig. 4 .It is seen that the basic tectonic model proposed in Fig. 2 is cor-

roborated by these results.
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Table, 1

AZImuths of maximum-compression directions in various- reglons of the

Chlnese craton,

as determined previously from seismic, geodetic,
geomormuc and in-situ data. ‘

b AR

Region P-azimuth Gr0up Av P-azimuth
a, West Tibet 33 ) .
b. East Tibet 42 A 40
c. Qinghai 45
d. North China 7 | B 7
e. So:uth-East (E) 111 C 121
f. South-East (W) 131
. -g. 104°-zone CN) 45
h do. (mxddle N) 71 D indef .
i, do. (middle- SO 93
j. do. (South) 175
I.illl;le &c. *’gL '

Fig. 4 Direction of maximum compression as determined from seismic,

geodetic, geomorphic and in-situ data in the “natural” regions of the

Chmese craton.The letters refer to the regions indicated in Table.1.
Table 2 Joints in the Chinese Craton

Location - - Group Ne.

1 .Source Urumchi River W 120

2 .Dunhuang - "W 126

8 .Tacheng, Xinjang w 28

4 Hetian-Yecheng, Xinjang W 24

5 .Jiuqan, Gansu w 52

8 .Chaidamu w 58

7.Long Yang Xna Pass 104 27

-8 Jingtai ©. 104 - 118
9 .Lanzhou 104 210

10.Min Jiadg Valley 104 44
11 Kangding-Gongga Shan 104 76
12.Daocheng . 104 25
13,Haiyuan 104 89
-14, Tongxin, Ninxia - 2104 15
15, Peking N 113
16 Nanjing = = : S - 24

17 . Hong Kong- Macao g 78

42

18, Chongqing

Max. 1-

198 £14/72 114
156 £13/84 = 14

26+25/81+23
indef .
277+19/86 £ 18
182+22/82120
235+£25/51£20

- 186 £16/78 £15°

273 £14/90 10
127 £11/86 £ 09
indef,
173.£09/37 £ 12
indef.
2771+18/86£14
0+14/82%11
274 +24/80£23
261+13/84 211
85+19/84 £ 16

Max. 2

94 £10/61£09
245+18/79+18
106 + 40/89 £33

358+16/65%13
indef.
45+10/54 £09
110£16/89.+12
350+£13/77£11
42+32/85+24

15+21/36 +13
indef,

92 £09/89 07
191 +16/63 £ 15~

169 £10/87 209
1702 14/88 12

Angle
87
88
80

81
75

767+

76
84

72

88
79
88
84

P
329/35
111/03
156/6
231/16
154/84

222/10
174/00

184/01

226/06

319/13
35/07
217/3

59/09 -

T
234/07

20/12
246/7

138/18

50/02
328/08
131/08
264/06

278/82 - .. .

136/05
" 55/24

125/03
308/5
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Fig. 5 Pole density diagrams for 18 regions of the Chinese craton.

The numerals on the individual diagrams correspond to those
in the descriptions of the locations in the text and to
those in Table 2 and Figure 6.
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4.Joint orientations

a.General Remarks

The orientation of joints visible everywhere in rock outcrops 'ha.s been
generally taken as representing a response to the orientation of the primci-
pal neotectonic stress directions: Joints appear to be shearing-phenomena
of some sort; they occur in steeply dipping conjugate sets (in addition to
a more or less horizontal set which is obviously lithologically condition-
ed) so that the maximum compression bisects the smaller quadrant(Schei-
degger, 1979) . Upon this basis, it is possible to deduce the neotectonic
stress directions from measurements of joint-orientations.In order to do
this, a statistical procedure has to be applied because, naturally, indivi-
dual joint orientations scatter considerably in an outcrop.Thus,the prefer-
red orientations are found by fitting two theoretical distributions of
Dimroth-Watson type to the field data and determining the “best” para-
meters hereol by a [unction-minimization procedure.The algorithm has been
described by Kohlbeck and Scheidegger (1977 ) .In carrying out the pro-
cedure, it is often found that the angle between “preferred” joint-sets at
an otttcrop ( a group of outcrops ) is close to 90°, so that the smaller
quadrant cannot always be identified with certainty. This can leave an
ambiguity as to which ol the two principal stress directions found iS'that
of the maximum and which that of the minimum compression. 7

For the presentation of the results, joints are generally defined by
giving their dip direction ( azimuth N-E) and dip angle‘( angle with the ho-
rizontal ) .In drawings, joints are represented by plotting their poles on a
unit sphere, the latter being represented in an equal area projection, so
that poledensity lines can be constructed,The visualization is enhanced if
a 10°-overlap of the lower half of the unit sphere is shown.In the tables
which present the results of the statistical evaluations, we list the loca-
tion of the measurements, the two best-fitting joint-sets with errors(90%-
confidence intervals ), the angle between them, and the direction of the
maximum (P, 01 ) and minimum (T, 63 ) compression C(azimuth N-E of
downward plunge and plunge angle with the horizontal ) .

The data used in this paper have been collected all over China by the
writers as well as by many of their collegues.A summary of the statisti-
cal evaluations,perusing the above indicated scheme as presentation, isgi-
ven in Table 2 .The poledensity diagramms are given in Fig. 5.

b.Individual Regions

(1) Source of Urumchi River

In this remots region of Xinjiang ( Sinkjiang ) province, some 120 joint

-
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orientations were measured.
( 2 ) Dunhuang
‘Measurements of 126 joint orientations were taken in the Cave country
of Gansu. ‘
( 3 ) Tacheng, Xinjiang
’ In this area, 28 joint measurements were supplied.
( 4 )Hetian-Yecheng, Xinjiang.
In this area, 24 joint measurements were supplied.
( 5 )Jiuqaun, Gansu
In this area at the Province of Gansu, 52 joint orientations were avai-
lable. " '
 ( 6)Chaidamu

A further set of 58 joint orientation measurements was available from

.

Chaidamu in the center of Qinghai.
( 7)Long Yang Xia Pass
, Here, near a power development in Qinghai, 27 joint orientations were
measured.The joints show the unusual feature that the two preferred con-
A3 jugate sets have almost the same strike bus dip in opposite directions.
( 8 ) Jingtai . N
During an inspection trip of the damage still visible caused by the
1920-earthquake, 118 joint orientations were measured.
( 9 ) Lanzhou region :
In this area, two sets of joint-orientation measurements were taken.
The first was near Yuzhong, the second during an outing to the Liu Jia

Xia power station.At the latter, the rocks were mainly precambrian gra-

7 nites .
' (10) Min Jiang Valley

i Two outcrops in the Min liang valley were visited during a study tour
i in September 1982 undertaken to view the effects of the 1933 Diexi earth-

quake.The rocks were Paleozoic metamorphic schists.

(11) Kangding-Gongga Shan .

Further to the West in Sichuan, joint measurements were supplied to
us from the limestone region of Kangding and the granite of the Gongga
Shan.The joint-orientations turned out to be nearly random; no preferred
orientation-sets could be discerned. |
L (12) Daocheng

Further to the South, another set of orientation was abtained from
metagranites near Daocheng.The two definable preferred joint sets do not

dip steeply, but have a strike in the same direction with opposite inter-
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mediate dips.

(13)Haiyuan

Passing now to the East of the 140°-seismic zone, we note the 99 joint
orientations near Haiyuan in the Ningxia Autonomous Region.There exist
no preferred joint-orientations. '

(14) Tongxin, Ningxia .

A small number of joint orientation measurements (15) was also
available from this area.

(15 ) Peking ( Beijing ) .

In this region, three sets of outcrops were visited: near Tahuichang
on the Babao Shan fault, near Peking Man’s cave and in Xiang Shan Park,
The rocks ranged from Ordovician to Jurassic limestone.

(16 ) Nanjing ¢ Naoking ) ‘

A few joints were also measured near the city of Nanjing.

(17) Hong Kong and Macao

Finally, joints were also measured in the Jurassic volcanic and grani-
tic rocks around Hong Kong and Macao, during a sojourn there.

(18 ) Chongqing

Finally 42 joint measurements were available from Chonging.

c.Interpretation

In order to assess the significance of the joint orientation measureme-
ats, we have plotted the preferred strike directions for the individual lo-

cations mentioned above at their respective positions on a map ¢ Fig. 6 ).
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Fig. 6 Preferred joint strikes and principal stress directions deduced

therefrom for 18 locations on the Chinese craton.The numbers on the

map correspond to those of the descriptions given in the text.
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The corresponding principal stress directions are also shown Carrows ), as
they were calculated by the computer-routine of Kohlbeck and Scheidegger
(1977 ) .The maximum-pressure direction ( variously denoted by P or o,)
is defined as that principal stress direction which is contained in thesma-
ller quadrant.However, ‘as noted above, this quadrant often cannot ' be
reliably identified so that the identification of P (o,) and T (o, )is of-
ten also not certain. .

In connection with the view that four litospheric plates are involved
in the tectonics of the Chinese craton, it would appear as meaningful to
group the areas, in which joint orientations were ineasured, into ¢orre-
sponding regions.As such regions, one preferably chooses the same ones as
those used previously in Sec.3 when the plate tectonics of the Chinese
craton was discussed, viz..

(A ) The area West of the 104°-zone where one would expect a NNE--
SSW compression.The area comprises the regions 1 — 6 above.

(B) The northeastern part of China ( region 15 above ) which is under
the influence of the Pacific plate and thus 'sub:iect to a NE-SW compre-
ssion. ' 7

(C) The southeastern part of the Chinese craton( regions 16—18 ) whi-
ch is under the influence of the Philippine plate and thus subject to a SE—

‘NW compression.

(D) The 104°E N-S seismic zone ( regions 7—14), which represents a
singular region. . ‘ .

An inspection of the map in Fig. 6 and of the results in Table2 shows
indeed that the preferred orientations of the joints in the Lareas'. 1—18
are in conformity with the stress pattern expected in the various areas.
The plate tectonic model implied in Fig. 2 is, thus,supported by the orien-
tation of joints observed in the field.One can test this statement further
by calculating the preferred orientations for all the joints measured in
the groups of regions designated above by A, B, C and D.The results of
such a calculation are given in Table 3 ; they have been plotted on a geo-

graphic map in Fig. 7.The corresponcing poledensity diagrams are shown

in Fig. 8.
Table. 3 Joints in Groups of Regions
Group : Ne. Max, 1 Max 2 Angle P T
A. West China(1—4¢) 408 220%29/88 %15 317+08/53+06 86 83/28 185/22
B. North China (15) 113 92% 9/89%07 000%14/82111 88 226/6  136/5
C. South China(16—17—18) i44 264%10/86%9 1702 9/868 86 37/06 127/00
D

. 104°-Zoge ¢ 7—14) 614 352121/90+12 94116/8929 78 223/1 3131



118 . A Hok

Fig. 7 Preferred joint strikes and principal stress directions deduced
therefrom for the four regional groups of locations. The letters
. refer to the groups listed in Table 3 and in the text.

5.Discussion .

An inspection of the maps given in the Figures 2, 4 and 7 shows the
general correspondence of the field results with the proposed plate-tecto-
nic model of the Chinese craton. '

" The results obtained from an interpretation of joint orientations agree
with those obtained from the other sources indicated (earthquakes, geode-
sy etc.) .True, formally the computer gives the result that the principal
stress direction in the South ( Region C) with an azimuth of N 127°E is
the minimum rather than the maximum compression, but it should be no-
ted that the angle between conjugate joint sets is 87°.Since the error is gi-
ven as *£10° for each set, the smaller quadrant ( which defines the comp-
ression ) cannot be reliably identified.The interpretation of the 127°-direc-

tion as the actual compression, as indicated by the seismic etc.results, is
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therefore certainly permissible.

With the above proviso,the new results from the field observations of
joint orientations are completely in agreement with the plate tectomic mo-
del shown.in Fig. 2 .In the 140°-seismic zone, the stress directions are not
defined from the joint orientations, which confirms the supposition that
this seismic zone is a.singular region caused by the continuation of the

rim stresses into the craton.

¢
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W

Fig. 8 Pole density diagrams for the joints belonging to the regional

~groups mentioned in the text.The letters on each diagram

refer to the individual groups.
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