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Abstract: To better understand the heterogeneity of deep-crust and mantle interfaces in the regwn of the 

Three Gorges, China, we used the Parker-Oldenburg iterative inversion method to invert existing Bouguer 

gravity data from the Three Gorges area ( 1 : 500000) , a new gravity map of the Three Gorges Dam ( 1 : 

200000) , and the results of deep seismic soundings. The inversion results show a Moho depth of 42 km be­

tween Badong and Zigui and the depth of the B2 lower-crustal interface beneath the Jianghan Plain and sur­

rounding areas at 21 -25 km. The morphology of crustal interfaces and the surface geology present an over­

pass structure. The mid-crust beneath the Three Gorges Dam is approximately 9 km thick, which is the thin­

nest in the Three Gorges area and may be related to the shallow low-density body near the Huangling anti­

cline. The upper crust is seismogenic, and there is a close relationship between seismicity and the deep­

crust and mantle interfaces. For example, the MS. 1 Zigui earthquake occurred where the gradients of the 

Moho and the B2 interface are the steepest, showing that deep structure has a very important effect on re­

gional seismicity. 
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1 Introduction 

The inversion of gravity data to study deep-crust and 

mantle interfaces has implications for understanding re­

gional geology and seismicity. It provides higher lateral 

resolution than other geophysical methods. Further­

more , it is suitable for regional studies and can be used 

with other types of data in joint inversions. 

The Three Gorges region is the site of a large water 

control project in China, and its crustal structure and 
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stability are well studied. Wang[ll studied the crustal 

structure of the area by using 1 : 5()()()()() Bouguer gravity 

data and artificial sounding data. This paper utilizes 

the same dataset as well as a new Bouguer gravity data­

set ( 1 : 200000 ) and recent results of deep seismic 

sounding data. We also explore the relationship be­

tween deep crustal and mande structure and regional 

seismicity. 

To obtain a new image of deep-crustal and mande 

interfaces in the Three Gorges area, we adopt the Par­

ker-Oldenburg itemtive inversion method['·'] and use a 

spliced map of Bouguer gravity data ( 1 : 500000 , 1 : 

200000) and deep seismic sounding data. We also an­

alyze and discuss the inversion results with respect to 

regional tectonics and seismicity. 
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2 Principle of the inversion method 

2. 1 Basic principle of the Parker-Oldenburg iter­

ative inversion 

The Parker equation1' 1 can be used for the forward cal­

culation of gravity : 

"" kn-1 

= - 27rGe""' L - 1 F[p(r) 
n=l n, 

h"(r)] (1) 

where F [ ] is the Fourier transform, p is the two­

dimensional density distribution, and k is the wave 

number. 

Using a series expansion of equation ( 1 ) , we can 

obtain its iterative form [ 4 l : 

F[h(1-)] =- f!Agle.., - I, k"~' F[h"(r)] 
27rGp •• 2 n. 

(2) 

Instead of computing the Fourier transform in equa­

tion ( 1 ) , equation ( 2 ) can use the FIT algorithm, 

which quickly converges and is more stable for large 

model spaces. 

The inversion is completed in two iterative proces­

ses : in the first cycle , the interlace of the lower layer 

is successively translated , and the gravity resulting 

from the new model is calculated ; in the second cycle, 

the perturbation to the upper interface ( .dh) is calcu­

lated , instead of directly calculating h using equation 

( 2 ) . The perturbation to the lower interlace can be 

obtained using the average perturbation to the upper in­

terface. H .dg~al is a gravity anomaly in model m, then 

the difference between the forward-modeled gravity a­

nomaly and the observed gravity anomaly is the model's 

correction : 

(3) 

where m represents the number of the iteration. 

2. 2 Regularization 

Due to the downward continuation factor e,·'" , the impact 

of high-frequency components of the gravity data is great­

ly enhanced. To enhance the stability of the inversion, 

we introduce a regularization parameter to equation ( 2) : 

p(a) =l/ (l +ae
2

"
1
") (4) 

and equation ( 2) becomes 

F[h(r)] = 
F[.dg] e""' 

27rGp (l + ae2
"

1
") 

I, k"-' F[ h"(r)] 
n=2 n! 

(5) 

We can make the inversion results more consistent 

with the results of deep seismic soundings by adjusting 

the regularization parameter. 

2. 3 Weighted alternating iterative approach 

Using equation ( 5) , the iterative inverse correction is 

F[ '(ph(r))] = -~F[.dg, .. J _ _.e-_'"'~­
'-' • 27rG ( 1 + ae21k 1

"') 

Let ph= w. Then, 

.dw = h.dp + p.dh 

(6) 

(7) 

Density and interface depth have different implica­

tions for the gravity potential field. It is typically diffi­

cult to distinguish them in gravity inversion; the effects 

of density and interface depth on gravity are mainly 

high-frequency and second-order effects. The high-fre­

quency effect of density is up to one half smaller than 

that for interface depth , but the two effects are equal in 

their low-frequency components 121 • 

In this paper, we use a weighted alternating iterative 

method to deal with this ambiguity. In the first itera­

tion, the correction to the interface depth (.dh) is cal­

culated ; in the second iteration, a new gravity model 

( g ( h,, p._ ) ) is calculated based on the interface 

depth corrections by using equation ( 3 ) . We calculate 

the model's range correction ancl.dw to correct the den­

sity in this iteration ( ilp ) . This process is repeated 

nntil certain accuracy requirements are met, as shown 

in figure l. 
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Figure 1 The process of the weighted alternating iterative inversion 

2. 4 Multi-layer density interface inversion 

The inversion of multi-layer density interfaces is based 

on a single density interface inversion. The isolation of 

gravity anomalies is the key problem in transitioning 

from the inversion of a single layer to the inversion of 

multiple density interfaces[sJ. There are many meth­

ods of separating gravity anomalies , including the 

mean field method, the cutting method , and wavelet 

analysis[ 6l. 

We use the peeling method (layer-by-layer inversion 

from bottom to top ) and successively calculate the 

main crustal interfaces. First, an average layered mod­

el is established , including the reference depth of each 

layer and the density difference between each layer. 

The inversion process begins from the Moho , where the 

inversion results are mostly consistent with the deep 

seismic sounding results. The gravity anomaly associat­

ed with the Moho is calculated , and the upper interface 

is inverted. 'This process is repeated for all crustal in­

terfaces[7J. 

3 Data processing 

3.1 Data 

The data consist of two parts : gravity data and con­

straint data. The gravity data are from the Huhei Geo­

logical Survey Institute , and they include a map of the 

Three Gorges area ( 29° 20' - 32° 20' N, 109° 30' -

112 °3'E) , Bouguer gravity data ( 1 : 500000) and a 

gravity map of the Three Gorges Dam ( 30° 40' -

31 °20'N, 110° -l12°E; 1 : 200000). The constraint 

data include seismic sounding[8
'
9l and tomography re­

sults[to,u]. Because seismic soundings and tomography 

have higher accuracies than gravity inversion results , 

we use these results as constraints. The locations of 

the seismic sounding and tomography profiles are 

shown in figure 3. Adding constraints to the inversion 

can greatly improve the non-uniqueness of the prob­

lem; we make use of prior information to determine in­

terface depths at selected locations using these known 

depths as constraints. We use the average velocity of 

the existing layered crustal model [ tJ ( Fig. 2) . 
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Figure 2 Model of crustal layering in the 

Three Gorges area 
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Figure 3 Map of gravity data and the locations of deep soundings in the Three Gorges area 

We convert P-wave velocity ( V) into medium densi­

ty ( p ) according to the empirical equation between V 

and / 1
l. The average depth of each interface can be 

selected from figure 2. 

{

p =2. 78 +0. 27(v -6. O) ,v <5. 5 

p =2. 78 +0. 56(v -6. 0) ,5. 5 ::::;.,::::::;6. 0 (
8

) 

p =3. 07 +0. 29(v -7. O) ,6. O::::;v::::;7. 5 

p =3. 07 +0. 29(v -7. 0) ,7. 5::::::;.,::::::;8. 5 

3. 2 Data processing 

To suppress boundary effects, we use the symmetry ex­

tension and interpolation extension methods to extend 

the raw data to form a larger regional background mod­

el for the inversion. Within the Three Gorges area, the 

splicing of different-resolution Bouguer gravity maps 

( 1 : 500000 and 1 : 200000 ) is problematic. Outside 

of the Three Gorges area, we must use symmetry exten­

sion and interpolation extension to suppress boundary 

effects due to the lack of gravity data. 

To splice Bouguer gravity maps of different resolu­

tions, we grid the two maps at a scale of 1. 43' X 

1. 43 ' , and the value of each grid point is obtained 

by interpolation. In the Three Gorges area, we use 

the higher-resolution Bouguer gravity data ( 1 : 

200000) ; outside of the Three Gorges Dam area, 

10 -column data IS linearly interpolated , instead of 

the 1 : 500000 Bouguer gravity data in the corre­

sponding area. In the other area, we use the 1 : 

500000 Bouguer gravity data, which results in a rea­

sonable splicing map ( Fig. 3 ( b ) ) . A comparison 

to the map of the 1 : 500000 gravity data ( Fig. 3 

( a) ) shows that the maps are spliced very well and 

that there are no large jumps in data. The spliced 

map and the original map show the same morphologi­

cal characteristics , including deep and shallow crus­

tal gravity anomalies. We extend the spliced gravity 

data from 3° X 3° to 6° X 6°, which is used for the 

actual inversion. 

4 Results 

4.1 Convergence and accuracy of the inversion 

We invert for upper, middle , and lower crustal inter­

faces ( B3 , B2 , and B 1 ) in the Three Gorges area. 

We set the maximum number of iterations to 15, and 

the convergence is shown in figure 4 ( the vertical axis 

represents the mean square error of the adjacent itera­

tive inversion) . 

Figure 4 demonstrates the rapid convergence of each 

interface. The rate of convergence decreases as the in­

version depth decreases. The choice of regularization 
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parameters depends on the conformity between the in­

version and seismic sounding results. Due to the diffe­

ring resolutions caused by their methods of calculation , 

these results do not completely agree. The inversion 

continues until the root mean square ( RMS ) between 

the inversion results and the seismic soundings is less 

than 2. 0 km, limiting the accuracy of the inversion re­

sults. Figure 5 shows a comparison of the inversion re­

sults and the seismic sounding results for the Fengjie­

Guanyindang profile, with RMS of the B1 , B2, and 

B3 interfaces of 1. 3 km, 1. 578 km, and 1. 807 km, 

respectively. 

Figure 6 shows the forward -modeled gravity anoma­

lies for the inverted interface model. There is a strong 

similarity between interface depth and gravity, calcu­

lated using equation ( 1 ) ; the morphological character­

istics are consistent between the models. Superimpo­

sing the gravity anomaly associated with each interface 

shows that the total forward -modeled gravity anomaly a­

grees with the hierarchical model , which indicates that 

the inversion results are accurate and reliable. 
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Figure 5 Comparison of the inverted crustal interfaces 

using the potential field data with the deep sounding 

results along the Fengjie-Guanyindang profile 

4. 2 The Bl interface 

The depth of the Bl interface (Moho) reflects the 

crustal thickness. Figure 7 ( a) shows that the depth 

of the B1 interface increases from 33 km in the east of 

the study area to 43 km in the west, which is consist­

ent with the deep seismic sounding results[ 101
• The 

general morphology of the Moho shows medium-wave­

length undulations, with subsidiary short-wavelength 

variations. Near 111 ° E, there is a NNE-trend in Mo­

ho depth, which corresponds to the location of the 

eastern China gradient belt. East of this belt , the Mo­

ho of the Jianghan-Dongting Basin smoothly fluctuates 

from 33 to 36 km depth, while the Moho beneath the 

western Hubei mountainous region to the west varies 

between 38 and 43 km. There are many fluctuations 

in the Moho that form relative areas of crustal thinning 

and thickening, such as the Moho uplift near Shishou­

Gongan ( Moho depth of approximately 34 km) , the 

Moho depression near Badong-Zigui ( Moho deeper 

than 40 km) , and the Moho uplift near Shennongjia 

( Moho shallower than 39 km) . The Shennongjia area 

is situated in the highest terrain of the Three Gorges ar­

ea , with a peak altitude above 3000 m. H this area is 

locally gravitationally compensated, the Moho depth 

should be deepest in this area; however , it is shallower 

than beneath Badong ( highest altitude of 2000 m ) , 

which shows that this area is not in equilibrium. South 

of 111 ° E, the Moho depths change more rapidly than 

north of 111 o E. The depth contours trend more NNE 
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Figure 6 Forward-modeled gravity anomalies of the B1 , 82, and 83 interfaces ( mGal) . 

in the Zhenping-Baokang area, while they trend NE in 

the Nanzhang-Yicheng area. 

4. 3 The B2 interface 

The B2 interface represents the bottom surface of 

themid-crust. As shown in figure 7 (b) , the B2 inter­

face changes smoothly, with many local minima and 

maxima. The depth of B2 ranges from 21 km to 28 

km, which is very similar to the deep seismic sound­

ing results[ 10J. Its general morphology is consistent 

with prior inversion results[ 1J. The depth of the B2 in­

terface shallows to the east and deepens to the west. 

Near 111° E, the depth contours have a nearly N-S 

trend, and the B2 interface is generally flat ( between 

24 and 26 km). East of 111 °E, the interface fluctu­

ates relatively smoothly, while it fluctuates more to the 

west. Along 32 ° N, the depth contours have a nearly 

E-W trend, with the depth of the B2 interface increas-

ing from north ( 23 km) to south ( 25 km) , which re­

flects that there may be an E-W -trending zone of vari­

ation. The Baokang-Yuanan lies in a NNW-trending 

depression ( 23 - 25 km) , as do the Zigui Basin and 

Hefeng. 

4. 4 The B3 interface 

The B3 interface represents the bottom surface of the 

upper crust. As is shown in figure 7 ( c) , the depth of 

the B3 interface ranges from 8 to 16 km. Along 

111 °E, the depth contours have a nearly N -S trend, 

with smoother changes to the east than to the west. To 

the west, the interface depth varies rapidly, with a se­

ries of short-wavelength undulations: the Zhenping­

Fangxian-Xiangfan area to the north lies in an E-W­

trending depression. Compared to the B2 interface, the 

NNW trend in Baokang-Yuanan is more obvious. The 

B3 interface is shallower east and west of Yichang, but 
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Figure 7 lsobathic map of the Bl , B2, and B3 interfaces in the Three Gorges area 

it is deeper than 13 km north of Yichang. The Wangdi­

an-Yidu area lies in a local depression at 12 - 13 km 

depth, revealing the structure of the western Jianghan 

Basin. There is an area of local uplift north of Shen­

nongpa where the B3 interface is shallower than 

14 km. 

Integrating the undulations in the B1, B2, and B3 

interfaces in the Three Gorges area shows that the up­

per crust is slightly shallower to the east ( 12 km 

depth) and deeper to the west ( 13 km depth). In Ba­

dong-Zigui, the B3 interface reaches a depth of 15 

km. The average thickness of the mid-crust is 12 km, 

with perturbations that are generally small. The thin­

nest area is in Sandouping, where the mid-crust is only 

9 km thick. The variations in the thickness of the lower 

crust are large , with an average thickness of 10 km to 

the east and 15 km to the west. The thickness of the 

crust is most affected by the lower crust , followed by 

the upper crust. 

5 Relationship between earthquakes 
and deep structure 

The main structure of the Three Gorges area contains 

developing faults , including the Hubei tectonic belt in 

the northwest, the Hubei fold belt to the southwest and 

the central Hubei block. The earthquakes in this area 

are mainly distributed in the Hubei tectonic belt and 

the central Hubei block. The Hubei tectonic belt 

trends NWW, which corresponds to the E-W -trending 
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that crosses the core of the Huangling anticline and re­

veals its deep structure. The B1 and B2 interfaces 

change smoothly and their depths increase by up to 4 km 

from south to north. The B2 interface changes more 

gently than the B1 interface. In Changyang-Wuduhe, 

the depth of the B3 interface clearly changes, and San­

douping ( the Three Gorges dam site ) lies in a local 

depression of the B3 interface where it is at its maxi­

mum depth of 13 km. 

Figure 8 (c) shows a vertical profile at ( 30° 38 'N, 

110°22' E) to ( 31 o 17'N, 112° 30' E) of NE that 

crosses the Huangling anticline , the Yuanan fault 

zone, the Wuduhe fault zone, and several major tec­

tonic areas. Figure 9 (c) shows that the B1 , B2, and 

B3 interfaces undulate unevenly , although the depths 

of the B1 and B2 interfaces change relatively gently. 

Similar to figure 9 ( a ) , the interface depths increase 

from east to west and each interface is at its deepest in 

the Zigui Basin. The B3 interface shows some small lo­

cal variations, with a about 1 km greater depth in Dan­

gyang than in surrounding areas. There is some local 

uplift in Yichang and Yuanan, where the B3 interface 

is at its maximum depth in this profile ( 10 km). 

30'N 

llO'E 111'E 

These three profiles are representative of the Three 

Gorges area. They cross several major tectonic areas 

and reveal the structure of deep interfaces. 

Figure 9 shows the distribution of Ms~3. 0 seismici­

ty from 1960 to 2010 in the Three Gorges area. Seis­

micity mainly occurs in NNW and NNE trends aligned 

with a series of faults in the Huangling anticline and 

the surrounding area, at depths of 5 - 15 km in the up­

per and mid-crust. These faults are basal faults, have 

limited extents, and are controlled by NW-NNW struc­

ture. Previous studies of earthquake geology, crustal 

deformation, and focal mechanisms show that modern 

structural activity in this area is mainly influenced by 

the extensional stress field, as evidenced by extension­

al fault activity[ 12l. Therefore, earthquakes in this area 

occur infrequently and with low intensities. 

Figures 8 ( a) and ( b ) show the distributions of M s 

~3. 0 seismicity from 1980 to 2010 along 31° N and 

111 ° E , respectively, with profile widths of 20 km. 

Most of the small- and medium-sized earthquakes oc­

curred in the upper crust at 5 -15 km depth, with Ms 

~ 4. 0 earthquakes mainly between 12 and 16 km 

depth. 

e s.o--5.9 co 
• 4.()-----4.9 (9) 

• 3.Q-3.9 (89) 

.J' 112'E 

Figure 9 Distribution of seismicity in the Three Georges area 
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The Zigui Longhuiguan earthquake ( Ms5. 1 ) is the 

largest earthquake recorded in the Three Gorges area. 

It occurred along a series of NE-trending faults["l. 

With respect to the gravity field , the seismogenic zone 

lies west of the eastern China gradient belt and in the 

area of the largest changes in crustal interfaces. In this 

area, the Moho is at a depth of 43 km, and the B2 in­

terface is at a depth of 28 km. The seismogenic zone is 

located in a zone where interface depths change from 

shallow to deep. In the seismogenic zone, the depth of 

the B3 interface is 14 km and at the edge of a 14 - 16 

km local depression. The NE trend of the 14 km iso­

line of the B3 interface is consistent with the seis­

mogenic zone, which shows that the NE-trending fault 

zone may have developed to the bottom of the upper 

crust and is confirmed by the 16 km source depth of 

the Zigni earthquake. 

Comparing the distribution of earthquakes with the 

interfaces shows that most of the large earthquakes oc­

cur in a zone of transition from uplift to depression. 

These areas have sharp interface gradients and usually 

have larger faults at the surface, demonstrating the 

close relationship between the undulation of the deep 

interfaces and seismicity. 

6 Conclusions 

The main characteristics of the inversion results are 

consistent with those of Wang[I], although there are 

some differences near the Three Gorges Dam : the 

depth of the Moho in Zigui-Badong increases from 39 

km in Wang's model to 42 km in our model; the depth 

range of the B2 interface increases from 24 - 27 km to 

21 - 28 km; and our results are more similar to deep 

seismic sounding results that show that the B2 interface 

is at depth between 21 and 29 km[lo], maiuly in the 

Jianghan Basin and the surrounding area. The undula­

tion of the B3 interface in the Three Gorges Darn area 

is more precise, showing several areas of local uplift a­

round the Three Gorges Dam. These differences may 

be due to the joint inversion of higher-resolution gravity 

data ( 1 : 200000 ) , which improves the spectral reso­

lution for the Three Gorges area and improves the reso­

lution of interfaces in the Three Gorges area, particu­

larly near the dam. The inclusion of more spectral in-

formation also impacts the regularization parameter, 

causing high -frequency components of the gravity data 

to be filtered differently and affecting the inversion re­

sults for the entire area. 

In the Sandouping area ( the Three Gorges darn ) , 

the B1 interface is at a depth of 37 km and lies in a 

NNE-trending zone of varying interface depths. The 

depths of the B2 and B3 interfaces in this area are dee­

per than in surrounding areas, and the mid-crust is 

thinnest here ( 9 km) out of the larger Three Gorges ar­

ea (about 12 km). The upper crust in the Sandouping 

area is 13 km thick , which is approximately 2 km thic­

ker than in surrounding areas , which may be related to 

the large low-density region in the middle of the Huan­

gling anticline. The low-density region and the sur­

rounding rock increase the thickness of the upper 

crust, resulting in a thinner mid-crust. 

Comparing the general morphology of the deep-crust 

and mantle interfaces with surface geology shows an 

arch between them, particularly in the northwestern 

Hubei area. In this area, a NNE-trending mantle uplift 

belt and the nearly E-W -trending Qinling Indo-China 

orogenic belt intersect at a high angle , which decreases 

from north to south. 

There is a close relationship between seismicity and 

interface morphology. Earthquakes mainly occur along 

a NNW trend ( Yuanan Graben Fault, Xiannll.shan 

Fault) and a NNE trend ( Xinhua Fault, Niukou 

Fault) around the Huangling anticline. Earthquakes u­

sually occur in the upper crust and are mainly are 

small-to-moderate in size (2 <Ms <4). Many relative­

ly large earthquakes occur in the area between uplift 

and depression, where active faults are located. 
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