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Summary 

 

Conventional tomography inversion struggles in complex 

faults area to provide accuracy velocity and good imaging 

result. In this paper, we built a high resolution (HR) 

tomography inversion workflow, which with the geological 

characteristic constrained, the velocity model was more 

accuracy than before, and the structure images produced by 

PSDM confirmed that the new velocity modeling method 

can provide the basic data for the interpretation of fine 

horizon and implementation of fault block. The real data 

indicated that the new method is inadequate and suitable to 

achieve the imaging objective. 

 

Introduction 

 

Having an accuracy velocity model is very important for 

PSDM especially for correct positioning of seismic 

reflectors in depth. In fact, the velocity field for PSDM is 

achieved from the seismic data, however, velocity field 

building suffers from a number of difficulties especially in 

complex fault area. Due to the complex geological 

condition, the area is characterized by great changes in 

vertical and horizontal velocity as well as low S/R, all these 

factors lead to a unreliable imaging result, which restricted 

the residual oil exploration seriously. 

 

In time processing, it was suggested to use fault constrained 

tomography method( Sergey, 2007), the method can build 

accurate depth-velocity model with sufficient lateral and 

vertical resolution.  

It allows unrestricted velocity variations and achieves 

required high velocity resolution but only within limited 

zones corresponding to fault planes, the method was used to 

remove fault shadow distortions. However, the velocity for 

PSDM that was generated form picked time RMS velocity 

fields by converting to interval domain with DIS equation 

without constraints, which usually relies on the picks made 

from seismic gathers data. In other ways, the grid-based and 

model-based tomographic methods were used (Qingbo 

Liao,2009), an initial velocity model was built by using 

stacking velocity from stacking velocity analysis. it took 

several iterations to update the velocity model and layer 

boundaries were adjusted to match the migrated images. but 

the PSDM result relay on the accuracy of initial velocity 

model, it suggested that PSDM with an appropriate velocity 

can improve the seismic images. in order to obtain the more 

accuracy initial velocity, Geo-mechanical modeling, 

reflectivity inversion and TTI/HTI modeling were 

introduced(Yonghe Guo,2013), together with the 

conventional reflection tomography, the way can generate 

high resolution velocity model for PSDM thus private much 

needed imaging uplift. At other hand, a combined workflow 

of FWI and dip-constrained tomography enabled to build 

accurate and detailed velocity models(Kai Zhang, 

2017),this method can solve for an accurate model in 

complex geology settings and resolving image distortions 

down to target level without manually pre-setting layers or 

regions for tomographic update. above all, the use of 

geological constraints ,rock-physics relations and other 

non-seismic information to build and update seismic 

velocity models to depth imaging was established.  

Our approach makes use of well data to develop a velocity- 

stratigraphy relationship , and doing broad-band processing 

aimed at doing accuracy velocity analysis. the original 

structure interpretations were based on pre-stack time 

migration images, but PSTM improved target image were 

still showing problems, so interpreters were seeking for 

improvement of seismic images by applying PSDM with 

high accuracy velocity field based on broad-band seismic 

data. and with well information to establish such a 

correlation for tomographic PSDM imaging anisotropic 

velocity models. Based on above procedure, a high 

precision velocity model can be built efficiently delineate 

subsurface geology. 

 

Method 

 

The seismic tomography process relies on depth move-out 

picked from migrated gathers, suggestive of the total 

velocity error at each event. with this conditions, the 

velocity model can be updated through inversion. In this 

abstract , we proposed a method, which can begin to break 

down in NanHai with complex fault. With fault and horizon 

(structure model) constrained, the method can stabilize the 

tomographic model by providing additional constraints on 

the update seismic cube, meanwhile, the kinematic 

information also provided which contained within the 

seismic gathers.  

conventional tomography inverse problem with geological 

horizon information, its equations as bellow: 

ii
tmL     (1) 

where i is the number of layers, Li is the ray-path in the I th 

layers, m   is the perturbation of slowness, 
i

t  is 

vectors of travel-time residuals. Through this restriction the 

update can be confined in the interlayers, and the iteration 

shall convergent fast. However, the nonlinear tomography 

cannot convergent to a good enough solution, and velocity 
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model was smooth. And with other restrain information is 

required to regularize this inverse problem, but can’t keep 

the velocity boundary at the two ends of fault. 

according this situation, we use the linear tomography 

which is stable and reliable to modify the velocity residual 

that is difficult for nonlinear. In the equation 1 , the 

structural dip, fault, other geological information can 

constrained the solution. the equation 1 need regularization. 

the optimal resolution of formula can be write as: 
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Where  , are the regularization factors, D is the 

differential operator to get the first or second derivatives. I 

is constrained factors. we solve the formula (2) to get the 

velocity model update.  And tomography operator can be 

described as figure 1. 

 
(a) con-tomography-operator (b) HR tomography-operator 

figure 1: tomography operator 

 

Examples 

 

We illustrate the proposed workflow on a 1500 square km 

3d marine dataset form the South of China Sea. In this area, 

the velocity for shallow sediments affected by variable 

water depth or shallow reefs and channels can be restored 

using geo-mechanical approach. All of these factors lead to 

an unreliable imaging result. This situation seriously 

restricts the residual oil exploration. The key to solve this 

problem is to improve the accuracy of PSDM imaging with 

high precision velocity modeling. This paper presents a 3D 

velocity tomography method which based on geological 

constraints can improve the accuracy of velocity field. On 

the basis of tomography velocity modeling, structure 

information was used to constrain tomography inversion.. 

 

 

figure 2: workflow to build high resolution velocity model  

as figure 2 shown. At first, what should we do was to build 

the initial velocity, and broadband processing was first step, 

which aimed at improving accuracy of tomography 

inversion. PSDM gathers were used, and super gathers were 

utilized to increase data signal-to-noise ratio for more 

reliable analysis and piking of residual move-out for 

tomographic inversion to update the velocity model. This 

processing can enhanced the gather flatness and reduced the 

undulations of the event compared with conventional 

gathers. The residual move-out was picked easier than 

conventional PSDM gather, which can determine the 

residual move-out quickly and the variation of parameters 

of well-known formation-dependent velocity laws away 

from borehole position. based on measured residual move-

out on analysis spectrum, the initial velocity update. With 

the broadband processing gathers, the velocity inversion 

was performed layer-wise . In each layer, the velocity acted 

as depth varying and laterally varying. 

Picking RMO velocity value, and deriving dip fields from 

PSDM results, these were input into the tomographic 

inversion, the high resolution velocity model building is run. 

Compared with convention tomography, the velocity 

around fault was changed. Such as figure 3. Meanwhile, 

velocity variations was obvious on both sides of fault 

planes as figure 4 shown. 

 
(A) time slice of con-tomography   (B) time slice of HR 

tomography 

figure 3: time slice of tomography 

 
(A) con-tomography  (B) HR tomography 

figure 4: velocity modeling 

In order to resolve the pre-stack depth migration problem 

for complex structure, the corresponding velocity modeling 

methods must be researched. After application of this 

tomography inversion, high precision velocity model and 

ideal images from PSDM were achieved. 
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To highlight the major improvements, conventional 

tomography and high resolution tomography with 

geological constrained had been compared, figure 5A was 

conventional tomography result, figure 5B was PSDM 

stacked section obtained from new tomography. In fault 

area, due to different ages of geological sedimentary 

settings, the highly lateral velocity variation. However, the 

velocity in both side of fault, acts as smooth in conventional 

tomography. What’s more, reflect event was not flattened 

as figure 5A shown. The distribution of velocity field of 

new tomography was shown in figure 5B, which includes 

significant velocity variations mainly associated with faults, 

in influence of lithology and physical property on velocity 

distribution can be expressed more accuracy, at the same 

time, the reflect event were flatten and distinct.  

 
(A) con-tomography   (B) HR tomography  

figure 5: PSDM profile 

From the coherent body slice, the superiority of high 

resolution tomography was more obvious, such as figure 6 

shown. in conventional tomography result, the fault 

shadows was not clear in blue circle. the formation 

reflection was disorder, and it was difficult to make clear 

the fault plane combination on the slice as figure 6A shown. 

however,  which was easy and significant to distinguish the 

fault boundary in figure 6B. 

 
(A) con-tomography   (B) HR tomography  

figure 6: coherent body slice 

 

Conclusions 

 

This study describes the high resolution tomography 

method and its application in real data of the South of 

China Sea. The result of PSDM and coherent body 

confirmed that the new method is effective to solve 

distribution in imaging of complex fault area.  
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