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Abstract. In this paper, we determined the Xingfengjiang Reservoir earthquake sequence
location from June 2007 to July 2014 and 3D P-wave velocity structure by a simultaneous
inversion method. On that basis, we mapped the b-value 3D distribution. The results show the
low b-value distribution consists with the high velocity zone(HVZ) and most earthquakes
occurred around the HVZ. Under the reservoir dam there is a strong tectonic deformation zone,
as the centre exit Renzishi fault F2, Nanshan - Aotou faults F4, Heyuan fault F1 and Shijiao-
xingang-baitian fault F5. M6.1 Xinfengjiang earthquake, 19 Mar 1962, occurred in the strong
tectonic deformation zone, and now the zone b>0.7, so a short period of the original earthquake
occur more unlikely. The bh-value of the HVZ under Xichang(in the northwest corner of XFJ
Reservoir) ranges between 0.4 to 0.7 suggesting the rate of stress accumulations is greater than
the speed of seismic energy release since 2012. We don't exclude the possibility that the HVZ
becomes the seismogenic asperity, and will occur M>5 earthquake.

1. Introduction

In recent years, Xinfengliang (hereafter referred to XFJ) Reservoir of Guangdong is one of the most active
seismic regions in southern China. Seven M >4 earthquakes has occurred from 2012, in which the most
devastating one with a magnitude of 4.8 occurred in Xichang (in the northwest corner of XFJ Reservoir) on
16" February 2012, therefore there is an accentuated concern for XFJ Reservoir region. Seismic activity
were focused near the dams of XFJ Reservoir before the M4.8 Xichang earthquake, including the M6.2
earthquake that occurred 1km away from the dam in 1961. In the past, seismic research for the tectonic
activities, velocity structure and earthquake hazards were focused on the XFJ Reservoir dam and the
centralised Reservoir [3, 5-8, 18, 26, 27]. While with the northwest expansion of seismic activity there is an
outburst of 4-5 moderate earthquakes happened surrounding Xichang. Thus seismic research is significant
for these gradually maturing conditions neighbouring XFJ Reservoir.

“Earthquake forecast using earthquake” is still the primary method to study seismic hazards, and
accurate relocation of the earthquake sequence is elementary for reliable results. With today’s technology,
using the high-definition crust velocity model is the one of the most accurate and effective way. With the
development of seismic tomography technology [1, 14, 24, 46]; the construction of 3D velocity structural
models provides the basis of seismic location. Jointly inversion of source parameters and velocity structure
[4, 11, 12, 17, 20, 23, 51] can obtain improved location accuracy as well as structural velocity. By applying
this method, earthquake sequences have been resolved successfully in our country. [13, 16, 19, 45, 52, 53].
This paper will use this method to obtain relatively accurate spatial distribution of earthquake sequence and
3D P-wave velocity structure of the upper crust in XFJ Reservoir. On this basis, we will carry on the 3D b-
value scanning process.
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Experimental investigation of rock failure [21], seismic activities research about rock fractures and fluid
extractions as well as mine rock rupture observations [25] etc. indicates that the stress is inversely
proportional to the bh-value in the G-R relation between the earthquake magnitude(M) and frequency (N)
[9].

IgN=a-bM (1)

The lower the b-value the higher the stress level. a, b in fomula (1) are regression constants. As a major
parameter for estimating the fault zone relation with its stress level in seismic activity, The b-value has
been widely used in long-term seismic hazards assessment [15, 22, 29-32, 36-38, 40-42, 48]. In this paper,
we undertake the h-value 3D scans using the re-justified sequential listings, then discuss the future seismic
hazards combining regional tectonic and velocity structure in XFJ Reservoir. The future seismic hazards
will serve as a precedent and provides strong structural reference the whole eastern region.

2. Method

In the joint inversion process of the source parameters and velocity structure [12, 16, 52], its travel
time residualdt is caused by the disturbances of source and speed parameters, For 1 earthquakes and j
stations., they can be expressed in the following formula:

In this formula, dt(Mx1) is the travel time residual vector, 6v(Nx1) is the node velocity perturbation
vector and 6x(41x1) is the source parameters perturbation vector. Also, A(MxN) is partial derivative of
the source parameters of the travel time matrix. Since the velocity parameter and its source parameter
are mutually coupled in equation (2), if we simultaneously inverse 2 different dimensional parameters
in the source equation, it will increase the numerical instability in the algorithm as well as consuming
a large amount of computer resource. In this case, it must be a separate argument. In this paper, by
using Liu Futian’s [12] orthogonal projection, formula (2) can be divided into the following 2
equations to find its velocity parameter and source parameters:

(1-PB)A% = (1 - Pa)at .
B = Pg (&t — Adv) @

Within the equation, Pg is the orthogonal projection operator from the R™ to image space R(B) of B
related to the source parameters. The analysis indicates that there is no direct relationship between the
velocity and source perturbation after developing the velocity and source parameters. It is clear that
the velocity and source perturbation is significantly related to its initial value only. According to
equations (3) and (4), in the joint inversion process, it is important to determine the velocity structure
parameter first, than determine the source parameter regarding to the study area. This will eliminate
the impact of any uncertainties related to the velocity structure as well as helping to position its
accuracy. Therefore, through joint inversion of the source parameter and velocity structure, it can
effectively improve the accuracy of the earthquake location and obtain the velocity structural model
within the inversion.

The b-value 3 dimensioanl scanner is used from Wiemer S. University of Washington and Zmap
program [33], in determining the minimum integrity of the magnitude and is the most likely method
used for scanning.

3. Data and model

3.1. Earthquake data processing and velocity model building

The digital seismic network had been running since June 2007. In this paper, we calculate the inversed
velocity structure (figure 1) by using 91,666 P-wave travel time of 13,247 earthquakes recorded from
June 2007 to July 2014 to. XFJ Reservoir is the most active seismic region of Guangdong province; its
digital seismic network composes of five seismic stations. After Xichang M4.8 earthquakes in 2012,
three more portable seismic stations were set to increase observations and to make more complete
sequence records.
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According to the ray path distribution map (figure 2), the study area (114.4°-114.8°E, 23.2°-
24.4°N) has high internal ray density, whereas border areas has slightly lower ray densities. Therefore,
The area with high internal ray density have a spacing of 0.03° to 0.05°, while border areas have a
spacing of 0.1° to 0.4° (figure2).

Detailed documentation of the initial velocity structure inversion model: Ye Xiuwei, 2013;
Zheng Qisen, 2003; 2004; Geology and mineral resources Bureau of Jiangxi province, 1984;
Wen Zegang, 2005; Yao Bochu, 1994; Xu Huilong, 2006; Zhao Minghui, 2004.
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Figure 1: P wave and S wave’s travel time Figure 2: Ray path distribution and model grid

3.2. Resolution analysis

In this paper, we use checkboard resolution test to estimate and explain the reliability of the resolution.
The results show (figure 3), the resolusion from XFJ Reservoir Dam to the northwest corner Xichang
is acceptable above 15km in the upper crust due to its relative high earthquake frequency and station
density.
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Figure 3: Checkboard resolution test in 3km, 7km, 10km, 15km, 20km depth

3.3. b-value scans parameters

For the earthquake ML>0.3, the magnitude— frequency linear fitting correlation coefficient R=-0.994,
the slope b= 0.9042, taking a minimum magnitude of completeness Mc= 0.3(figure 4). We determine
the end location of the cross-section according to the earthquake and its structural distribution. Then
we calculated the b-value with the maximum likelihood calculation method by using at least 30
earthquakes within Skm of the cross-section, moreover, the grid spacing is 0.5x0.5km and the
structural unit radius r is Skm. Finally we draw a cross section image based on the distribution of the
b—value nodes.
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Figure 4. M-T and Magnitude-frequency curve in XFJ Reservoir

4. Result calculations

To more directly reflect the P value velocity structure and the b-value distribution of XFJ Reservoir,
we provided a plan with several groups of typical b-value profiles and a P- wave velocity chart. The
profiles included: the east-west AB and the north-south GH cross sections through Xichang; the NW-
SE EF cross section across the entire reservoir area and the 1J cross section parallel to EF sectional
profile (Figure 5). The general plan and profile images shown as follows.
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Note: (From 2007.06 to 2014.07 M >1.5 and Focal mechanism solutions of 12 events)

F1: Heyuan Fault; F2: Renzishi Fault; F3: Daping-Yanqian Fault; F4: Nanshan-Autou Fault;

F5: Shijiao-Xingang-Baitian Fault; /'/0: Lanwu-Taihedong Fault; F/2: Dakengnan inferred Fault;
H?2: Xichang Syncline; H3-1: Wushimen-Yutan Fold group (similarly hereinafter)

1 1962-03-19M6.1; 2 1964-09-23M5.1; 3 1971-02-25M3.5; 4 1972-12-18M4.1; 5 1975-07-25M4.3;
6 1977-05-12M4.2; 7 1987-09-15M4.7; § 1999-03-25M4.2; 9 1999-08-20M4.7; 10 2012-08-31M4.0;
112012-02-16M4.8; 12 2013-02-16M4.7

(Focal mechanism solutions No.1-9 came from Wei Bolin(2001); No.10-12 came from Yang Xuan)

Figure 5: earthquake epicentre distribution, structure and section lines in XFJ Reservoir

4.1. P-wave velocity and b-value plan distribution diagram



3rd International Conference on Advances in Energy, Environment and Chemical Engineering  IOP Publishing
IOP Conf. Series: Earth and Environmental Science 69 (2017) 012013 doi:10.1088/1755-1315/69/1/012013

From the results of the sectional plan of XFJ Reservoir, the focal depth is concentrated to 5-15km.
The depth of high velocity body in the upper crust locates within 6-12km (later in this
article for an expanded discussion of this topic), therefore the selected depth of 8km of the P- wave
velocity is a relatively reliable representation (figure 6a). The figure shows that the high velocity areas
spread southeastward from Xichang to the vicinity of the XFJ reservoir dam, which having a relative
consistent distribution with low b-value areas (Figure 6b). XFJ’s seismic activity became vigorous
after 2012. A series of moderate earthquakes and micro-seismic group activities occurred near
Xichang, Huilong and the resevior dam. In comparison to b-value before the 4.8 earthquake in
Xichang on 16th Feb 2012, the b-value of Huilong and Xichang has decline (Figure 6¢).
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Figure 6. distribution of P-wave velocity, b-value and earthquakes (M;>0.3)

4.2. AB(N23.9°A) and GH(E114.47°) Cross section

AB, GH sections are EW profile and NS profile near Xichang respectively. Summarising from the
AB velocity profile (Figure 7a), the Xichang syncline (H2) has a tendency towards the East, with a
depth of more than 15km, its inclination is relative greater in shallow parts and gradually yielded after
13km. The depth of 8-12km in East wall has approximately 6 x7km high velocity body with the
central velocity of up to 6.3km/sec. Since 2012, Xichang’s seismic activities mainly concentrated in
the west segment of the high velocity body east of H2. Lanwu- Taihe fault F10 also has a tendency
towards the east, its high velocity body locates between the south -north faults(H2 and F10) . GH
section (Figure 8a) shows that concentrated seismic activities are distributed at the depth of 5-14km,
the earthquakes' surface projections are consistent with the strike and location of inferred F12 fault
(Figure 5). The GH gross section deduce F12 fault dip to south with a 80° inclination angle.

Before the 4.8 earthquake on 16 February 2012, areas with low b-values mainly located in the west
segment of high velocity body (Figure 7c), the low b-value area is roughly consistent with the high
velocity body, which indicating high velocity areas are high stress areas. the rupture process of 4.8
earthquake happens from top to bottom, the initial rupture locate above the west top edge of the high
velocity body [45], where the b-value <0.7 area. Since 2012, there are a continuous of moderate
earthquakes (with the magnitude of 4.8, 4.7, 4.2) happening. the seismic activities mainly concentrate
in the west of low b-values area with high velocity. The current regional stress levels have not
declined, but the Ab image (Figure 7d) shows that the b-value has declined from the middle part of
high velocity body, low b-values are trending to expand towards the east.

GH cross section (Figure 8a) shows that, seismic activities mainly concentrat in the inferred south
wall and 9 km below north wall of fault F12 from 2012. Also, after the series of moderate earthqukes
occurred at Xichang, the b-value has declined ( | Ab | max= 0.35) in the southern footwall.
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4.3. EF and lJ cross section
Deep seismic experiment results of active source [44] and previous studies of our group [45]
consistently show that: in the EF cross section, the upper crust from Xichang to the reservoir dam
exists a relative high velocity body with speed up to 6.1km/sec, the depth of abnormal body in
reservoir dam is 3.5-8.5km with a slightly deeper Eastern ,while the depth of Xichang is up to

approximately 10km. With the increase of small earthquakes records,

doi:10.1088/1755-1315/69/1/012013

114.6° 114.7°

114.5°
value (2007.06.01-2014.07.24)
F10

) 05
i 7 04
03

58 02
0.1

114.6° 114.7°

(d) 4b
star: M4.8 earthquake on 16 February 2012 triangle: M4.7 earthquake on 22 February 2013
Figure7. AB Cross section of P-wave velocity and b-value (Mr>1)

S —
239° 240°
Latitude

(2007.06.01-2014.07.24)

Fl2_

(d) 4b

we replace the original



3rd International Conference on Advances in Energy, Environment and Chemical Engineering  IOP Publishing
IOP Conf. Series: Earth and Environmental Science 69 (2017) 012013 doi:10.1088/1755-1315/69/1/012013

0.1°x0.1° grid to 0.03° ~0.05° grid in the core region between the dam and Xichang. The results
(Figure 9a) show that from the dam facing to the Eastern Xichang, 7-14km North West, exist four high
velocity bodies. the body I beneath the Xichang has the largest capacity size (approximately 6km x
7km) with the highest velocity and the velocity in the centre is up to 6.3km/s. Followed by body III
(approximately Skm x 6km), with speed in the centre up to 60.2km/s. The other two bodies are relative
smaller in size and have a central speed of 6.2km/sec and 6.1km/sec respectively. Several faults in the
enveloping reservoir distribute further towards the deeper level. Comparing to the previous two EF
sectional profile results, this analysis shows a higher resolution.

Figure 9c show that, before the 4.8 earthquake in 2012, the b-value of EF sectional profile shows
that the lowest b-value(<0.6) located west of the high velocity I beneath of the Xichang. The lowest b-
value area occurred M4.8 in 2012, M4.7 in 2013 and a serious of moderate earthquakes in 2014
shortly afterwards.

Figure 9b and 9d shows that, after the earthquake swarm in 2012, regions that have significant
decreased b-values cross the EF section are: the centre of high velocity body I beneath the Xichang;
the area below high velocity III, and the area above high velocity IV. High velocity body IV had a
relative high b-value originally, which is still considered within the normal range although it has
decreased by 0.3. The region beneath high speed body III has a low b-value, but it is unlikely that the
strain energy will accumulate due to a low velocity. It is worth noting that, as previously indicated in
AB and GH sectional graphs, the high velocity I is extending toward south-east the b-value (between
0.4~0.7)have decreased in the centre of the high velocity body, which shows stress energy
accumulation.
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Figure9. GH Cross section of P-wave velocity and b-value (M>1)

The 1J cross section is perpendicular to three NE fault lines, including Daping- Yanqgian rock
fracture F3, Renzishi fault F2 and Heyuan Fault F1. Concluding from figure 10a, Dapings-Yangqian
fault dip to southeast with a small angle, which is consistent with the geological data[5]. A seires of
seismic activities occurred south of Huilong in September 2013. Small earthquakes occurred along the
NW-SE direction (Figure 5). This earthquakes manly occurred on the hanging wall of the fault F3
above the high speed body (Figure 10c). After Donyuan’s 4.8 earthquake in 2012, Huilong’s b-value
has significantly declined (Figure 6C). Section 1J cuts through Huilong’s b-value region. Figure 12¢
shows Donyuan region did not exist observably low b-value region before the 4.8 earthquake, while
while the b-value distribute at the 5-10km depth along Daping-Yanqian fault F3 ( | Ab | max= 0.75)
decreased most significant in the bottom region of Huilong’s earthquake swarm and the lower edge of
the north-western of the high velocity body (Figure 9d). which indicates there has been acceleration
of strain energy accumulation in high stress areas.
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5. Discussions and Conclusions

(1) Comparing XFJ Reservoir P-wave velocity and its b-value scan results, the low b-value region is
consistent with its high velocity region. The multi fault lines in the reservoir area envelopes the high
velocity body, its ruptures area distributing into deeper depth. Most earthquakes occurred either
around, on the edge or through the high velocity body. Clearly, high velocity bodies become the “hot
spots” for stress energy accumulation and release on fractured surfaces; it is possible to become
seismogenic asperity [2].

(2) Figure 9a cross section reveals that: in the Areas beneath the Dam reservoir where the Renzishi
fault F2, Nanshan- AoTou fault F4, Shi Jiao fracture F5 and Heyuan fracture F1 etc staggered
distribution, the upper crustal interface on various velocity layers above 7-8km has significant camber
deformations , while the deformed velocity layers at the depth 10-15km appears to be concave, which
generally reflect intense tectonic deformation zone with F1, F2, F4 and F5 as the centre exist below
the dam that there are and area reflected. The deformation zone contains three high velocity bodies, I,
III, IV. where occurred 10 M>5 earthquakes in the instrumental record since 1962, including the 6.1
earthquake. Sectional b-value scans ( Figure 9b) show that b>0.8 in the area of 13km, indicates that
the release of stress energy is more complete in the tectonic deformation area, which suggests the
possibility of occurrence of earthquakes stronger than 6.0 is unlikely in recent years.

(3) High velocity body located beneath Donyan Xichang area has the largest capacity size
(approximately 6km x 7 km) and the highest velocity, with the velocity of 6.3km/sec in the center of
the high velocity body . The summary of section b-value scan results from various directions (Figure
7b, 8b) shows: west portion of the high velocity body has a relative low b-value (b>0.7). Since 2012,
many moderate earthquakes have occurred while the b-value in high velocity body’s west portion still
decrease and has a tendency to expand eastwards and downwards. This simulation. The b-value ranges
between 0.4 to 0.7 suggesting the rate of stress accumulations is greater than the speed of seismic
energy release since 2012.

(4) After the 6.1 earthquake in 1962, seismic activity in XFJ Reservoir mainly concentrated in areas
near the dam, the upstream gorge and central area of the reservoir. Little study was conducted in the
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NW corner of the reservoir area. The velocity profile (Figure 7a, 8a) show that the NS trending
Xichang syncline (H2) and The inferred EW trending Dakengnan fault F12 have depth reach up
tol5km. Since the fault is deeper than 15km, and has a lower resolution, two fractures described above
needs other methods for validation. After 2012, seismically active area of the reservoir area has a clear
migration trend from the SE to NW. In the recent three years, 2 earthquakes with m>4.5 occurred in
the eastern Xichang. With a combination of b-value scan result analysis, we suggests that there may be
a high velocity body beneath Xichang become seismogenic asperity, where M>5 earthquakes may
occur.

(5) After the series of earthquakes in Xichang in 2012, another series of intense earthquakes
activities occurred in Huilong, southeastern Xichang in September 2013. The 3D b-value scan results
shows that the b-value at the depth 5-10km along Daping-Yanqian faulthas experienced a significant
decrease ( | Ab | max= 0.75) , and the Low b-value areas located in the lower edge of NW of the high
velocity body. Taking into account the smaller capacity of the high velocity body, we should note the
possibility of moderate earthquakes in the south of Huilong.
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