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Accurately characterizing the three-dimensional geometric contacts between the crust of the Chinese mainland and adjacent
regions is important for understanding the dynamics of this part of Asia from the viewpoint of global plate systems. In this pa-
per, a method is introduced to investigate the geometric contacts between the Eurasian and Indian plates at the Burma arc sub-
duction zone using earthquake source parameters based on the Slab1.0 model of Hayes et al. (2009, 2010). The distribution of
earthquake focus depths positioned in 166 sections along the Burma Arc subduction zone boundary has been investigated.
Linear plane fitting and curved surface fitting has been performed on each section. Three-dimensional geometric contacts and
the extent of subduction are defined quantitatively. Finally, the focal depth distribution is outlined for six typical sections along
the Burma arc subduction zone, combining focal mechanisms with background knowledge of geologic structure. Possible dy-
namic interaction patterns are presented and discussed. This paper provides an elementary method for studying the geometric
contact of the Chinese mainland crust with adjacent plates and serves as a global reference for dynamic interactions between

plates and related geodynamic investigations.
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The study of continental crustal dynamics involves multiple
disciplines that investigate lithospheric composition, struc-
ture, performance, dynamic evolution and deep driving
mechanisms. This frontier field is a growing research area
in the earth sciences during the 21st century [1, 2]. Some of
the specific areas of interest are geophysical field effects,
the intercontinental subduction of plates, plate margin tec-
tonics, intraplate tectonics and block boundary investiga-
tions [3, 4]. The Chinese mainland is regarded as a dynamic
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system within the framework of global plate movements.
The dynamic actions of the adjacent plates are the main
source of exterior forces that affect its crustal motion. The
Chinese mainland is a part of the Eurasian Plate that is bor-
dered by the northwestern Pacific Plate, the Philippine Sea
Plate and the Indian Plate [5]. The margins of these plates
form the main zone of contact and interaction between the
Chinese mainland and the exterior system [6]. Characteriz-
ing these geometric contacts and dynamic interactions is
essential for understanding the lithospheric dynamics of the
Chinese mainland.

The accumulation of crustal stress and strain within a
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crustal block is a typical mechanical process. Governing
equations and definite conditions are usually used to de-
scribe such a mechanical problem. Governing equations
include constitutive equations, kinematic equations and
geometric equations, and the definite conditions consist of
boundary and initial conditions. In the case of the Chinese
mainland, geometric contacts and dynamic interactions be-
tween plates determine the boundary and exterior loading
conditions as independent systems. This will provide essen-
tial references for dynamic investigations in the region, es-
pecially for multiply constrained numerical and physical
simulations [4, 7].

Subduction zones are concentrated belts of earthquakes
and magmatic activity [8, 9]. Contact patterns and dynamic
interactions between plates at subduction zones have at-
tracted much research in the past. In the 1970s, research
began to describe the geometric contact between the Eura-
sian and Indian plates in the Himalayan arc region by con-
sidering the distribution of earthquake focuses combined
with background geologic structure [10-15]. Investigations
of the collisional process between the two plates focused on
the dynamic interactions of the western and eastern Hima-
layan syntaxis, i.e., the Burmese arc subduction zone [16,
17] and the Hindukush-Pamir regions [18-21]. Using the
characteristics of earthquake focus distributions, researchers
described the geometric contact pattern between the of
northwest Pacific Plate and the Eurasian Plate at the Japan
Trench [22-26] and between the Philippine Sea Plate and
Eurasian Plate at Taiwan [27, 28]. With the development of
seismic tomography, researchers began to investigate
northward subduction in the area north of the Himalayas,
and in particular investigated the maximum range of Indian
Plate subduction [29-36], in which the geometric contact
between the plates was obtained by characterizing seismic
velocity differences in the deep crust and upper mantle.
Note that this method has also been used in the description
of multiple contacts between plates around the world, espe-
cially in constraining the morphology of the subduction
zones [37-42]. In addition, a global perspective on colli-
sional processes between plates at subduction zones has
been gained from the inversion of GPS observational data
[43, 44], deep seismic reflection data [45-48] and other
investigations [49, 50].

The Burma arc subduction zone, a typical zone of conti-
nental subduction, is the transformational region between
the Himalayan collision belt and the Andaman arc [51, 52].
Santo [53] first noticed the oblique seismic zone beneath the
Burma arc, and much subsequent research [10-12, 14-17,
54-61] has been undertaken to extend those observations.
This has enabled the geometric characterization of the Indi-
an Plate underthrusted into the Burma arc zone from west to
east by choosing typical sections along the Burma arc. The
development of this research has led to the discovery that
although the subduction angle varies with depth [16, 60] it
does not necessarily increase with depth [61]. In addition to
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describing the geometry of the Burma arc subduction zone
based on earthquake source parameters, determinations of
the velocity structure of the lithosphere beneath the Burma
arc zone have been made using tomography [36, 39, 62, 63],
which provides another way to constrain the nature of the
geometric contact between the two major plates. Consider-
ing the spatial distribution characteristics of focal mecha-
nism at this plate boundary, characterization of the stress
field and the dynamic conditions of the subduction zone
developed [16, 55-59, 64, 65]. It is generally acknowledged
that the subduction zone was formed by the subduction and
compression of the Indian Plate at the margin of the Eura-
sian Plate. The stress field of this zone directly reflects that
the Indian Plate is underthrusted into the Burma arc zone
from west to east.

Most of the above research has qualitatively described
interaction patterns between plates using the distribution
characteristics of earthquake focuses sometimes combined
with tomographic images of velocity structure differences.
Seismic dislocation between plates is a direct form of plate
interaction. As the calibration accuracy of seismic parame-
ters has improved over time [28, 66, 67], Hayes et al.
[68—70] developed the Slab1.0 model using seismic param-
eters. This has enabled the quantitative development of a
three-dimensional geometric model of plate-boundary pat-
terns and dive ranges for subduction zones between several
oceanic and continental plates.

In this paper we modify the model of the geometric con-
tact between the Eurasian and Indian plates at Burma arc
subduction zone, based on earthquake source parameters
and referring to the Slab1.0 model of Hayes et al. [68, 69].
This results in the determination of a relatively well-con-
strained three-dimensional geometric pattern and dive range
for the contact between the two plates. By combining this
information with the spatial distribution characteristics of
focal mechanism, the patterns of dynamic interaction be-
tween the two plates can be discussed.

1 Methods and procedure
1.1 Earthquake catalogs

The Burma arc is one of the most active earthquake regions
on Earth, and it is also an area where continental intermedi-
ate-depth earthquakes are concentrated. The distribution of
earthquake epicenters in the region is shown in Figure 1.
This distribution is based on the historic earthquake catalog
that originates from global Centroid Moment Tensor
(gCMT) solutions of earthquakes with magnitudes above
5.5 (from 1976) maintained by Harvard University and the
small earthquake catalog (from 1973) maintained by the US
National Earthquake Information Center (NEIC). Using the
ak135 travel-time model and seismic phase data, Engdahl et
al. [66] redefined 138394 global events from 1964 to 2007
and compiled the corresponding earthquake catalog, which
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Figure 1 Distribution of the epicenters and the focal depths of earth-
quakes at the Burma Arc subduction zone. The thick black solid lines de-
note the boundary of primary blocks, and the black triangles show the plate
underthrust direction. The black lines express the boundary of secondary
blocks [71]. The dotted lines denote six sections intercepted by the litera-
ture [63]. Different focal depths are labeled by different colors. The circles
denote the EHB and Engdahl catalogs [66, 67] (http://www.isc.ac.uk/
EHBY/). The diamonds denote the Global Centroid Moment Tensor catalog
(http://www.globalcmt.org/CMTsearch.html). The squares represent the
National Earthquake Information Center catalog (http://earthquake.usgs.
gov/regional/neic/).

apparently improved the precision of spatial seismic loca-
tions. To supplement the record with earthquake events pri-
or to 1964, Engdahl and Villasefior [67] assembled a cata-
log of earthquakes with magnitudes over 7.0 from 1900 to
1999. From the distribution of the focal depth in Figure 1, it
can be seen that the intermediate shocks are distributed
along an area of the subduction zone from 19°N to 27°N
with the maximum depth > 200 km. The distribution of fo-
cal depths in the region of interest roughly corresponds to
the outlined region where the Indian Plate is underthrusted
from west to east into the Burma arc zone.

1.2 Selection of earthquake events

First, a point at the boundary of the block is set as the
reference point. Then, the line tangent to the block boundary
at the reference point and the normal line perpendicular to
this line and pointing in the direction of subduction are de-
termined. Several equidistant nodes are selected along the
normal line (20 km is used in this paper). Taking the refer-
ence point as the starting point and the normal as the central
axis, a rectangular region is determined on the subduction
side of the plate boundarys; this is indicated in Figure 2(b) as
the light blue region. The width of this rectangular region is
200 km, i.e., this region is defined such that the distance to
the central axis is not greater than 100 km. The length of
this rectangular region is the maximum distance from the
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spatial focal distribution to the tangent line.

To eliminate the influence of shallow earthquakes and
the earthquakes below the reference point on the morphol-
ogy of plate subduction zone, the angle between the hori-
zontal plane and the plane formed by the epicentral point
and the tangent line at the reference point is limited to the
range of 5° to 60° [68, 69], i.e., the yellow triangular prism
shown in Figure 2(c) determines the effective spatial range
that is used to select the earthquake events, and it serves as
a filter for the earthquake catalog. Earthquake events from
outside this region are not included in the calculation. Tak-
ing the section shown in Figure 2(d) as an example, the
horizontal normal line at the reference point is set as the
horizontal axis, and the depth direction is defined as the
vertical axis. All events with epicentral distances <100 km
are projected to the section. The epicenters with color labels
in Figure 2(d) denote earthquake events covered in the area
represented by the yellow triangular prism shown in Figure
2(c). The epicenters labeled in grey represent earthquake
events from outside the effective region.

Using the yellow region in Figure 2(c) as a filter, the
EHB, NEIC and gCMT catalogs were selected. Earthquakes
within this region constitute the effective catalog, which is
used to investigate the contact condition of blocks at this
reference point. There is an overlap between earthquakes
selected by the three catalogs. To guarantee the credibility
of depth fitting, the overlapping earthquakes need to be re-
moved. The epicenter of each earthquake can only partici-
pate in one calculation. According to academic experience,
the spatial precision of earthquake locations in the EHB,
NEIC, and gCMT catalogs decreases in turn [66, 68].
Therefore, for the same earthquake event, if the EHB cata-
log is available, it is used preferentially. Positions from the
NEIC catalog come next, and the gCMT catalog comes last.
In the actual calculation process, due to the fact that both
the time range and the lower limit of earthquake magnitude
from the NEIC catalog cover those of the gCMT catalog, all
earthquake events recorded by gCMT are also recorded by
the NEIC catalog. Therefore, the gCMT catalog is not used
for its positional information on the centers of seismic mo-
ments. In this paper, only the EHB and NEIC catalogs are
needed for the discussion of the distribution of focal depths.
Considering that the minimum magnitude event in the EHB
catalog is My4.7 [66], seismic source parameters provided
by the EHB catalog are used for all events from 1900 to
1973 and for those from 1973 to 2007 with magnitudes
=5.0. The seismic source parameters from the NEIC cata-
log are used for events from 1973 to 2007 with magnitudes
< 5.0 and for all events after 2007.

1.3 Linear planar fitting of the plate interface

Due to the influence of positioning accuracy, seismic hypo-
centers recorded in earthquake catalogs have some degree
of uncertainty, and generally, these errors in spatial location
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Figure 2 Process of earthquake catalog selection. (a) Select a point at the boundary of a subduction block, the normal of the boundary is set as the central
line of the section. Equidistant nodes are selected along this central line. (b) A rectangular region is selected along the central axis with a width of 200 km
and a length of L. Lna is determined by earthquake distribution characteristics. (c) The yellow triangular prism formed by two planes with direction angles
to the horizontal plane of 5° and 60° determines the effective spatial extent that is used to select the earthquake events, i.e., this region is a filter of the earth-
quake catalog. (d) Taking an actual section as an example, the color labeled epicenters denote earthquake events passing through the earthquake catalog filter,
and the grey labeled epicenters represent earthquake events outside the earthquake catalog filter.

are expected to have a normal distribution. However, in
comparison with the scale of plate boundaries and the error
in focal depth, horizontal errors in epicenter positions are
much smaller. Therefore, the horizontal locations are as-
sumed to be known and fixed, whereas focal depths are un-
certain and determined by a probability density function.
This probability density function is a normal function with
expectancy determined by the focal depth given by relevant
organizations. The difference between the actual focal depth
of an earthquake and that given by relevant organizations is
calculated with standard errors. Parameters of focal depth
are provided in both EHB and NEIC catalogs. Standard er-
rors of focal depths are available in the EHB catalog. For
the NEIC catalog, the standard error of the focal depth is
regarded as a constant. In this paper, this standard error used
is =18 km [68]. Additionally, earthquake events with dif-
ferent magnitudes are assigned different weighted coeffi-
cients. The larger the magnitude of the earthquake is, the
higher the weighted coefficient is, which is consistent with
the scale of fracturing in actual earthquakes [72].

After selecting and filtering an earthquake catalog, the

epicenters of effective earthquakes are projected to a section
through the reference point. The angle of the subduction
plane between plates is calculated according to the distribu-
tion of focal depths in the section. Assuming that the sub-
duction angle ¢ varies from 5° to 60°, the maximum likeli-
hood method can be used to determine the subduction angle
expressed as

i=n _ 2
P(S) =11 @)= p] } o+ob, (1)

1
ex
=l o,N2n p{ 207

where o; denotes the variance of the probability density
function followed by the depths of earthquake events,
x,(0) represents the theoretical focal depth calculated ac-

cording to the inclination of the subduction plane and the
transverse distance to the plate boundary, z; represents the
expectation of the probability density function (which is set
as the reported focal depth), @; is the weighted coefficient of
an earthquake event (the value of which is related to the
square of the earthquake magnitude), and w is a parameter
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used to avoid problems that arise if the first term within the
brackets is close to zero (usually set as 0.1). By a logarith-
mic transformation of eq. (1), the product form is trans-
formed to the sum form and expressed as:

_[x,'(é‘)_,ui]z

20',»2

P'(0) = lilog

i=1

o +wp. (2)

1
exp
o r
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Taking the reference point in Figure 3(a) as an example,
first, the normal line of the plate boundary at the reference
point are determined. Then, the earthquake catalog is fil-
tered to select earthquake events satisfying the prescribed
conditions. The red box in Figure 3(a) denotes the spatial
position of the filter. The colored epicenters in Figure 3(a)
represent the earthquake events with distribution character-
istics that satisfy the selection rule. These epicenters are
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Figure 3 Projection of focal depth in a classical section. (a) Spatial location of the section and the project distribution of epicenters of earthquakes satisfy-
ing the selection condition. The red dashed line represents the spatial range of this section, the grey marked events denotes the epicenter distribution of the
research region, the colored events correspond to the epicenter distribution of the earthquakes that satisfy the catalog filter, and the red diamond corresponds
to the location of the reference point. (b) The relational curve between the probability value and the inclination by linear plane fitting; inclination varies from
5° to 60°. (c) The relationship between the linear fitness of the focal depth, residual and the inclination. (d) The projection of the focal depth and the fitting
results, where the black line denotes the linear plane fitting results, the inclination with the horizontal axis is the inclination of the subduction plane at this
reference point, the red diamonds represent the characteristic depth at the uniform nodes at the axis, the red solid line corresponds to the nonlinear surface
fitting results of red diamonds and reflects the plate contact condition at the reference point.
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projected to a section. The reference point is set as the
origin on the section, with the central axis corresponding to
the horizontal axis, and the depth direction defined as the
vertical axis, as shown in Figure 3(d). The inclination ¢ at
this reference point varies from 5° to 60°, with slips at an
interval of Ad=1°. Using eq. (2) to calculate P'(5), a rela-
tional curve between P'(6) and the inclination is shown in
Figure 3(b). When the inclination is 23°, P’(0) was found
to reach its maximum value. Therefore, the subduction an-
gle for this reference point is taken to be 23°, i.e., the con-
tact pattern between plates is a plane with an inclination of
23°.

To verify the credibility of the linear plane fitting, the fit-
ting results are analyzed through residual analysis and fit-
ting relevance analysis. The residual can be expressed as

S 0,4~ x,(6))’
RMS(5) =

; 3)

i=n

Z @,
i=1

where RMS(5) represents the fitting residual correspond-

ing to the inclination of . The fitting relevance can be ex-
pressed as

S 0,(14 — x,(8))°
R*=1.0-4 , 4)

i=n

Z a)i (/ul - ;)2

where R is the fitness and z denotes the average focal

depth. The residual and fitness are usually used to evaluate
the quality of fitting results. The lower the residual is, or the
higher the fitness is, the better the fitting result is. The fit-
ting results of residual and fitness, based on the focal depth,
are shown in Figure 3(c). When the inclination is 23°, the
residual and fitness reach minimum and maximum values,
respectively. Moreover, the fitness exceeds 0.7, which indi-
cates that linear plane fitting results are credible.

1.4 Nonlinear surface fitting of a plate contact

The linear plane fitting result is shown in Figure 3(d) as a
black solid line. The orientation of this line relative to the
vertical axis corresponds to the subduction angle at this ref-
erence point. The linear plane fitting results reveal, to some
extent, the nature of the subducting plates. However, sub-
duction angles are not expected to be constant, which means
that a subduction contact would be better described as a
surface rather than as a plane. Previous research has con-
firmed that subduction angle should vary with depth.
Therefore, nonlinear surface fitting is necessary, as will be
illustrated in detail in this section.

First, based on the distribution characteristics of focal
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depths, it can be seen that the filtered earthquake catalog
still may contain shallow earthquakes. For example, several
earthquakes in Figure 3(d) with a vertical axis between 300
and 400 km have a depth between 50 and 100 km, which
makes them apparent shallow earthquakes. Therefore, be-
fore nonlinear surface fitting, the shallow earthquakes from
the filtered earthquake catalog should be eliminated. Based
on the subduction angle and distribution characteristics of
focal depth determined by linear plane fitting, the range of
the inclination is modified in this paper. The minimum val-
ue of inclination J,;, used by the earthquake catalog filter
varies with the vertical axis, and it is expressed as

5, x <150 km,
5min = (5)
(5+(x—150)/20)", x >150 km,

where O, is the lower limit of the inclination range. When
the lateral distance to the plate boundary exceeds 150 km,
the lower limit of inclination varies with distance to the
plate boundary.

Nonlinear surface fitting is then performed for the re-
maining earthquakes after eliminating shallow earthquakes.
For the purpose of nonlinear surface fitting, the focal depths
of earthquake events are concentrated to uniform nodes
along the central axis of the section. Then, the characteristic
depth at each uniform node, representing the depth distribu-
tion of the section, is used to perform nonlinear surface fit-
ting. The characteristic depth at each uniform node is cal-
culated by

2. 0,(M, %)
Z(x) =, (6)
> Q(M,,x)

where Z(x) denotes the characteristic depth of the node, and
x is the horizontal ordinate of the node. Q,(M,,x,) repre-

sents the influence coefficient of the magnitude and spatial
location of the ith earthquake event. M; is the magnitude of
the ith earthquake event, and g4 is its focal depth. Consider-
ing the relationship between the magnitude and the rupture
area, and the attenuation rule for earthquake wave energy,
the weighted coefficient can be calculated by

M, (x— X; )2

Q.(M,,x,)=10 exp[ D J, @)

where D is a parameter that adjusts the weighted coefficient

of the spatial location (200 km? in this paper). The first term

in eq. (7) is seen to reflect the influence of magnitude on the

weighted coefficient, whereas the second term corresponds

to the influence of the lateral distance to the node on the
weighted coefficient.

The characteristic depths of nodes along the central axis

are calculated, in turn, until there are no cataloged earth-
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quakes left on the positive side of the x axis, as shown by
the red diamond in Figure 3(d). Prior to fitting the charac-
teristic depths of nodes, and considering that the node at
x=0 (i.e., the reference point) is a point on the boundary, the
depth at this point can be set to zero. Therefore, the constant
term of the polynomial expression is zero. Ref. [69] points
out that polynomial expression fitting can easily lead to
irrational oscillation bending and instead suggests second to
fourth order polynomial expression fitting. The third order
polynomial expression fitting result is shown as the red line
in Figure 3(d).

1.5 Plate contact fitting at the Burma arc subduction
zone

Using to the above method, 166 sections from south to
north along the Burma arc subduction zone were selected
for nonlinear surface fitting. The fitting results for each sec-
tion produced a three-dimensional geometric contact surface
in Figure 4(b) with depths denoted by colors. The results
show that the Indian Plate apparently underthrusted from
west to east into the Burma arc subduction zone. The max-
imum subduction depth occurs around 24°N. Moreover,
there is a semicircular zone of concentrated depths here
which reveals that the subduction from west to east domi-
nates the contact surface at 24°N. This transitions to
NW-SE subduction in the north and SW-NE subduction in
the south. This is consistent with the results of previous
research [11, 63]. During the process of nonlinear surface
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fitting, if there are no earthquakes found at the appropriate
depth and direction at the nodes of the central axis, the cal-
culation stops. Therefore, the boundary line marking the
edge of the colored region in Figure 4(b) corresponds to the
locked line of two large plates [73], i.e., the maximum con-
tact region where earthquake rupture is the main reflection
pattern. Moreover, most of the locked line is located to the
west of 96°E, whereas only the section north of 24°N ex-
ceeds 96°E.

2 Results and discussion

The Slab1.0 model proposed by Hayes et al. [68—70], has
been modified in this paper and applied to the three-dimen-
sional geometric contact between the Eurasian and Indian
plates at the Burma arc subduction zone. Taking the points
on the plate boundary as reference points, sections were
selected, and earthquake catalog filtering was established.
With regard to the distribution characteristics of focal
depths, linear plane fitting and nonlinear surface fitting
were performed to constrain the plate contact pattern at the
reference points. 166 sections were selected along the Bur-
ma arc subduction zone. Considering the nonlinear surface
fitting of focal depths at each of the sections, the three-
dimensional geometric configuration of the Indian Plate was
underthrust eastward in the vicinity of the Burma arc; the
location of the locked part of the line between the two large
plates was given quantitatively and more accurately.

28° r
(N) '
26°
24°
22°
Depth (km)
20°
200
150
18°
100
16° 50
(b)
92° 98°(E)

Figure 4 Selection of sections in the Burma Arc subduction zone and nonlinear spatial fitting results. (a) The spatial location of sections selected in Burma
Arc subduction zone. (b) 3D geometric contact between the Indian plate which subducted eastward at the Burma Arc subduction zone and the Burma Plate,
the locked line of plate contact is represented by red dashed line, the red solid line denotes the plate boundary and the grey solid line corresponds to the

Sagaing rupture.
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During the linear plane fitting process that was applied to
several sections across the Burma arc subduction zone, the
removal of shallow earthquakes was necessary to avoid
their influence on the linear plane fitting results. The inclu-
sion of shallow earthquakes in the analysis would lead to an
underestimation of the inclination of the subduction plane;
this is why they need to be filtered out. In the paper, the
method of Hayes and Wald [68] is used for reference.
Earthquake events with inclinations <5° are removed to
guarantee that shallow earthquakes within a certain distance
of the section will not be included in the calculation of in-
clination. Earthquake events with an inclination of >60° are
also removed, based on previous research that found that
inclinations in the Burma arc subduction zone do not exceed
60°. As in the case of linear plane fitting, shallow earth-
quakes also influence nonlinear surface fitting results to a
certain extent. The eastern side of the Burma arc subduction
zone is dominated by Sagaing rupture and there are many
shallow earthquakes in the vicinity of this rupture zone.
Therefore, before nonlinear surface fitting, the inclination of
the subduction surface is obtained by linear plane fitting and
earthquakes with a horizontal ordinate over 150 km and
above the inclination of the subduction plane are regarded
as shallow earthquakes and removed from the catalog. This
three-dimensional geometric analysis process enables the
manual removal of shallow earthquakes [61], thereby auto-
matically removing their influence.

In previous geometric studies of the contact between
plates, most of research has involved sections that are se-
lected along a plate boundary to investigate the distribution
of focal depth characteristics. Based on earthquake source
parameters, Hayes et al. [68-70] developed the Slabl.0
model to study the three-dimensional geometry of plate
boundaries. Using this method, several subduction zones
with relatively simple subduction patterns have been ana-
lyzed. This has led to more quantitative results and more
accurate geometric contact information. However, the
boundary between the Indian and Eurasian plates defined by
Bird [74], and used in that paper, involves the Sagaing rup-
ture, which means that the Slab1.0 model is not suitable for
the Burma arc subduction zone. If a study were developed
for Sagaing rupture using the Slab1.0 model, a contradictory
conclusion would be obtained. Therefore, this work with the
Burma arc subduction zone not only characterizes the con-
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tact conditions between the Chinese mainland and its adja-
cent plates, but also complements previous studies.

The three-dimensional geometric configuration of the
boundary between the Indian and Eurasian plates at the
Burma arc subduction zone is given in Figure 4(b). This is a
static description of the contact between two large plates,
and dynamic interaction between the two plates is not in-
volved. The interaction between these two big plates at the
Burma arc subduction zone is investigated through the dis-
tribution of focal-depth characteristics along six typical sec-
tions indicated by black dashed lines in Figure 1. The posi-
tions, central point ordinates, and projection range of verti-
cal sections are shown in Table 1. Using focal mechanism
solutions provided by the gCMT catalog, the focal mecha-
nisms of earthquake events in the projection range are pro-
jected to each section as shown in Figure 5. The relative
latitudinal distance to the point (at 18°N, 90°E) is set as the
horizontal axis. Statistical results for the focal mechanism
determined for each section are listed in Table 1. The hori-
zontal ordinates of the epicenters of intermediate earthquake
events along the six sections are mostly less than 600 km,
which is consistent with the observation that most of the
locked line in Figure 4(b) does not exceed 96°E. However,
96°E corresponds to the spatial location of the Sagaing rup-
ture, shown by a blue triangle in Figure 5. From the distri-
bution characteristics of focal mechanism solutions for each
section, a large number of shallow strike-slip earthquakes
are seen to exist coincident with the position of Sagaing
rupture, which is in agreement with the right-lateral
strike-slip mechanism for the Sagaing rupture. In addition,
at a position with a horizontal ordinate of about 800 km,
two sections A-A’ and B-B' show indications of both nor-
mal fault and strike-slip earthquakes. This corresponds to
the fault characteristics of strike-slip and the extension of
the Tengchong-Longling seismic zone in the Yunnan-
Burma block [75].

Figure 5 shows that the focal mechanisms of sections
B-B’, C-C', D-D’ and E-E' can be possibly divided into two
segments at a horizontal ordinate of 400 km. Strike-slip
earthquakes dominate the western sector, but a small num-
ber of subduction earthquakes occur. This demonstrates that
the interaction between blocks in this region is dominated
by strike-slip motion and that only a few thrust earthquakes
with small subduction angles exist. In contrast, the eastern

Table 1 The positions, thicknesses, strike angles and focal mechanism of six sections in Burma Arc subduction zone

Central ordinate Strike angle

Projection range

Pattern of focal mechanism

b Latitude (N) Longitude (E) ©) (km) Normal fault Subduction Strike-slip Total
A-A' 27.788° 95.827° 140 +100 3 9 12 24
B-B’ 26.284° 94.717° 120 +70 9 9 21 39
c-C 25.270° 93.380° 115 +70 0 22 19 41
D-D' 24.180° 93.490° 105 +100 2 21 23 46
E-E’ 22.380° 93.410° 90 +100 3 11 13 27
F-F 20.600° 93.660° 80 +100 7 2 7 16
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Figure 5 Distribution of focal depth and focal mechanism solutions for six typical sections in the Burma Arc subduction zone. The spatial positions of the
six sections are shown in Figure 1. The projection range for earthquakes was set by that of the distances from the central line of the section. These are 100,
70, 70, 100, 100, and 100 km respectively, where the vertical axis denotes focal depth, and the horizontal axis represents the relative latitudinal distance to
the reference point (18°N, 90°E). The blue focal mechanism solutions represent normal fault earthquakes, the red ones denote subduction earthquakes, and
the black ones represent strike-slip earthquakes. The light blue triangles represent the position of Sagaing ruptures in this section. The focal mechanism solu-
tions originate from seismic moment tensor solutions of earthquakes with magnitudes above 5.5 from 1976 given by Harvard University (the gCMT catalog).

section is thrust oriented, and a small number of strike-slip large. This is consistent with the results showing concen-
earthquakes have occurred here. The thrust domination of trated gradient contours at 24°N, as shown in Figure 4(b).
the eastern section indicates that the subduction angle is The region with a lower gradient contour is thrust oriented,
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whereas the region with a higher gradient contour is
strike-slip oriented. It can be seen from the distribution
characteristics of the focal mechanism of these four sections
that a semicircular region with a high gradient contour at
24°N in Figure 4(b) exerts strong thrust characteristics.
Therefore, the geometric contact results of this region have
been verified from the perspective of the distribution char-
acteristics of focal mechanisms. Combining the three-
dimensional geometric contact in Figure 4(b) with the dis-
tribution characteristics of a focal mechanism in Figure 5,
the dynamic interaction between two large blocks is ob-
served to be W-E thrust oriented at 24°N. This gradually
transforms to a NW-SE oriented thrust in a northward direc-
tion, and to a SW-NE thrust in a southward direction.

The motion and dynamic patterns of the Burma arc sub-
duction zone, lying between two large plates, have always
attracted the attention of geodesy. In recent years, the study
of this problem was progressed rapidly. Combining seismic
data collection activities with analyses of velocity structure
enabled Hu et al. [63] to point out that the Indian Plate be-
gan underthrusting around 94°E and converged at the posi-
tion of the Sagaing rupture. Using a block model, Meade
[76] simulated and analyzed the current patterns of motion
in the Indian-Eurasian plate collision region, and concluded
that subduction and strike-slip are the main motion patterns
seen in the Burma arc subduction zone. It was also revealed
that the Burma arc underthrusted from west to east as it
moved in a NNE direction. Using geodetic data, slip rates of
geologic faults and the regional tectonic stress field (earth-
quake moment tensors), attempts were made to try to estab-
lish the dynamic pattern of the crust southeast of the Qing-
hai-Xizang Plateau [77-80]. Results of this work qualita-
tively constrained the three-dimensional geometric contact
pattern between the two large blocks of the Burma arc sub-
duction zone. However, this paper, based directly on seis-
mic data was able to quantitatively and more accurately
characterize the boundary. These results constitute an es-
sential reference for future work.

In this paper, a generalized method based on earthquake
source parameters used to constrain three-dimensional ge-
ometric contacts between lithospheric blocks was proposed
and applied to the Burma arc subduction zone between the
Asian and Indian plates. This subduction belt has a rela-
tively simple underthrust pattern, and is one of several
plates bordering China (cf., the northwest Pacific and Phil-
ippine Sea plates). However, establishing the static interac-
tion between the Chinese mainland and its adjacent plates
still needs further research. In addition, this paper has been
limited to static interactions between blocks. Dynamic block
interactions, the magnitude and direction of interactional
forces, and the patterns of interactions of plates beneath the
locked line still need further work involving focal mecha-
nism solutions and the analysis of observational geophysical
field data.
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