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ABSTRACT

The method of breakpoint-match-tracing is a new ewral simulation one to reconstruct the fault
deformation process in three-dimensional spaces Thethod, however, based on the spatial data
relationship of three dimensional geological bodigdl reconstruct their original relationship rdistrom
using match path to trace the breakpoint and coatipat Through picking up the breakpoint in anylfau
surface and considering as the research objectl@fiing the sets of breakpoint as the recondtrngiath
for the hanging-wall and footwall, this method wjlovide the boundary condition for the tectonic
deformation. The regional fault blocks would be @amently reconstructed combining with the Mass-
Spring Equation and use it to be as parallel coatmrt. In this paper, the three dimensional tectoni
reconstruction and simulation for the branchedtéaof Archean top, distributed in Bohai Bay Basiugre
achieved using this method, and the geometric sfaagbe different stages and the correspondindyaisa
related to the whole deformation procedure weralalh discussed. Taking the tectonic deformatiagest
as the model output node, aimed at vividly recartsiing the geometric configuration of fault and Ifau
block, and thus the whole tectonic deformation loariully analyzed during the whole tectonic defotioma
procedure.
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simulation, build the tracking path with the aid of
matching relationship of hanging wall and footwall,

. . . parallel calculate is proceeded to conduct

In recent years, tectonic deformation restoratiofatormation simulation, achieving the aim of
has got attention from numerous scholars as thes?nchronization restoration of multiple faults.
hotspot of structure research[1, 2]. Along with the
development of computer aided mapping, many With the advancement in networking and
studies has been carried out in the field of tdctonmultimedia technologies enables the distribution
deformation restoration[3~5]. With the extensiveand sharing of multimedia content widely. In the
usage and wide application of three dimension&heantime, piracy becomes increasingly rampant as
geological modeling software, complex tectoni¢he customers can easily duplicate and redistribute
problems were put forward, such as, displacemetite received multimedia content to a large audience
changes obviously along strike, irregular movemenbsuring the copyrighted multimedia content is
and synchronous movement of fault blocks. Thus éppropriately used has become increasingly critical
can be seen that two-dimensional equilibrium Although encryption can provide multimedia
profile can not meet the analysis of regionatontent with the desired security during
tectonic deformation under three dimensiondransmission, once a piece of digital content is
environment[6~9]. How to carry out synchronouslecrypted, the dishonest customer can redistribute
deformation to fault activities of same tectonicarbitrarily[10, 11].
background under three dimensional environment,
regarding the fault activites as integrated
movement. Taking this as the research content of
this paper, branch faults typically developed in
Bohai Bay Basin and strata model of Bohai Bay
Basin are selected to carry out numerical

1. INTRODUCTION
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2. INTRODUCTION OF FAULT MODEL bOB
AND BREAKPOINT MATCH TRACKING  Data point set of fault plane

METHOD F:{Fy-Fn,No,No+p,Mn,-Mnsp}  (5)

Breakpoint match tracking method is a kind oPata set of match tracking,
method to restore ori_ginal geometry of faults_ in P1:{Nn,1Fn,2Fn,---Mn} (6)
three dimensional with geometrical topologlcak’ . f di
operation. This method assumes the spatial positi [pint set of corresponding space

and geometry of footwall of main fault is fixed, XF1 Yr1 Zr

fault deformation is just the deformation of hargin E- %)
wall and secondary branch fault. By defining the )

breakpoint matching relationship of hanging wall Xvn+p  YMn+p  Zvne+p

and footwall, breakpoint of hanging wall actively
track the brg_akpomt of footwall. W't.h the aid Oflf?zegression equation of three dimensional spatial
spatial position change and motion path of ~

. . : ._point set
breakpoint of hanging wall, drive the deformatior” o ot p-2.,2 o
of corresponding fault area, complete the change df(%:¥) = &X” +an-1x"" +an-2x""y" +--- + aoy
spatial position of fault block while eliminate
displacement, achieving the aim of three (8)
dimensional fault restoration.

Corresponding mathematics  content  of P
breakpoint match tracking relations is: spatially, Wevilig- i P )/ oot of ool Breskpints
define different fault blocks and fault plane as " e

independent set, breakpoints of hanging wall and \ y T aasgga
footwall as subset of the set, also the subset of \ (@ - &
corresponding fault plane. Pick up breakpoints of \ i y &
hanging wall and footwall to conduct selective X i - ~/
correspond (match tracking), build motion path in v/
fault set by corresponding relationship, then set ot Hanginguall Breskoints R yd

displacement process is fully contained in thetfaul e //
plane set. With all the spatial points of active \ e /
hanging wall set to form mass-spring simultaneous \’: //
equations[12, 13], make the deformation to target NS

location by parallel calculate, so as to complat t Figure 1: Schematic Diagram Of Fault Match Tracking
whole set transformation. This method can select
multiple set at a time to conduct deformation & th Where a,, a.,i1, a. a, are the coefficients

same time, also can select multiple subset of omalculated by plugging the known breakpoint of

single set to conduct parallel deformation.

fault plane into the equation, the curve in fault
plane determined by this equation can be

Footwall set considered as the path of breakpoint match
A:{ MMz Mm} 1) tracking(Figure 1).

Breakpoint set of footwall Vector data of displacement of hanging wall and

a'{M M } 5 branch fault can be got by breakpoint match

VI n+p @ tracking of hanging wall and footwall, these data

can be used as the reference quantity of overall

allA deformation of fault block. The overall location
Hanging wall set change is realized by Mass-Spring equation,
B :{ N1 Na-- Nm} 3) forming simultaneous equations by Spring equation

Breakpoint set of hanging wall

b:{Nn,"'Nn+ p}

(4)

with similar hooker coefficient with spatial patéc

so the equation with angle spring is defined,
including two independent spatial points (1, 2) and
(3, 4). The elastic constitutive equation is
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[210 143 | 43
f1=-ks -C ,fa=—1f1 (9)
Ve fliad [l <4
[210 |43 |21,f4=—f3 (10)

fa=—ks -C
[t frad 0o

Where ¢ represent the cosine bf; vector
and!,; vector.

ks represent stiffness coefficient , this pape
select modulus of elasticity to replace it.

Mass-Spring method gives particle
CharaCtenStlcs.to adjac?nt data pplnts and .glvlgureZ: Archean Top Surface Of Liaoxi Uplift In Bohai
elastic properties to adjacent particles by aid o Bay Basin
position of spatial data point. Through geometric the area within the yellow frame is the regionairiah
changes of surface, independent movement mode of fault model of numerical simulation
adjacent particles is built. By defining the elasti
properties of particles, elements in spatial psiit
of fault are contacted with each other, achievimg t
aim of overall movement.

3. NUMERICAL SIMULATION AND
DISCUSSION OF FAULT RESTORATION

The software 3D move is used in this paper g
model building tool, this software has the abitity
spatial entity data modeling, and has the funatibn
grid triangulation, can provide reliable model fo
follow-up study. Fault model in this paper comed
from Liaoxi low swell of Bohai Bay Basin, the
main fault (F1) develops in NNE direction,
associated with two branch faults (F2, F3) in E Figure 3: Breakpoint Matching Relationship And
direction, depth data of top surface of Archean is Tracking Path Of Liaoxi Uplift In Bohai Bay Basin
selected as the surface of three dimensional model,
frame of strata model and fault match tracking.1 Modelsand Parameters Calculation
modeling is carried out on the basis of this(Figure Depth data of top surface of Archean in Liaoxi
2). low swell of Bohai Bay Basin is selected in this

By observing the contact relationship of faultpaper, forming 3613 spatial data, it is separatéal i
and the fault block and tectonic location amondour fault block sets, forming 6373 triangles after
fault blocks, it is found that fault block B1 sitea triangulation, and constitute a triangle subdivided
in footwall of fault F1, and does not participate i surface(Figure 3). Initial fault model comes from
fault activities, therefore, data points of faulbdk time-depth conversion of interpretation result of
Bl are fixed (similar to pin line in production seismic profile. Pick up 16 pairs of matching psint
method of equilibrium profile ) as the structure(footwall as the aiming point, hanging wall as the
reference position. Take the horizontal surface dfacking point) in hanging wall and footwall of
highest position of fault block B1 as referencenain fault, and thus establish tracking path.
plane of tectonic restoration, other blocks restore Phenomenon that strata deformation drive block
the reference plane while eliminate displacemertteformation is considered in model calculation, so
along fault plane. This process can be considesed Blass-Spring equation is needed to link the overall
the tectonic inversion from original unrupturedmovement, thus simulation is completed by giving
geometry to nowadays structure geometry byock mechanics parameters value to strata model of
structure  deformation, tectonic deformationtop surface of Archean. Rock mechanics parameters
restoration is conducted under this logic. of Archean selected is shown in table 1.
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Table 1: Parameters Of Numerica_ll Smulat@on of and after deformation, fault block B2 rotate
Archean Top Surface In Bohai Bay Basin clockwise for 5 ° compare to initial state.

. : Elastic Poisson's . . . .
Lithology Density Modulus Ratio Fault block B3 is an independent tectonic unit,

- held in fault block B1, B2 and B4. It is stretchead
Gneiss 2650kg/n 69Gpa 0.110

two directions during tectonic deformation:
Assume that there is no initial displacement, anglestward extension from the middle part of fault
the horizontal situation is undeformed state, thg1 and southward extension from fault F2. Fault
corresponding deformation degree is 0%. Thiglock B3 finally moves toward SW direction under
study selects 30%, 60% and 100% deformatiogxtension of two directions. Because the westward
degree of geological model respectively aslisplacement is bigger than the southward
comparison to analyze the displacement change agiplacement,  additionally, the  horizontal
spatial position change of fault blocks duringdisplacement provided by fault F2 increases from

deformation. _ . _ east to west, result in the rotate of fault block B
32 Process Analysis And Discussion Of  while horizontal displacement. Take the northeast
Rationality end of fault block B3 as axis to contrast the posit

three dimension£efore and after deformation, fault block B3 rotate

Figure 4 represents the clockwise for 4 ° initial
geometry of fault in different deformation stages@nticlockwise for 4 * compare to initial state.

Operation mode of tectonic deformation restoration: Fault block B4 is located in the southwest of
with aid of current tectonic geometry and relatedesearch area, its deformation and displacement
algorithm of deformation, restore the tectonic tajirectly controlled by the fault F1 and fault Fida
initial undeformed state gradually. Originalindirectly affected by fault F2. The horizontal
geometry is taken as the initial state in this pap&vestward displacement is of about 220 m,
from the point of tectonic deformation, deformationsouthward displacement inherited the 118 m
rule of branch faults which strike directions arenorizontal displacement of fault block B2 provided
significantly different and the rationality tecteni by fault F2, add the 70m displacement of fault F3,
deformation are analyzed step by step. total displacement of fault block B4 is up to about
3.2.1 Analysis of deformation process 188m. C(_)ntrast the position change befqre and after
deformation, fault block B4 also rotates in a darta
By observing the entire deformation process, it isxtent while its horizontal movement: take the
shown that about 233m of regional stretch in Wkouthwest end of fault block B4 as axis to contrast
direction is mainly provided by fault F1. Becausahe position before and after deformation, fault
the fault block B1 is fixed, it can participatetime  block B4 rotate clockwise for 7 ° compare to iditia
tectonic restoration only in vertical direction] al state.
data points get back to reference plane by vertical

projection, fault blocks B2, B3 and B4 to the wes X .
of fault F1 are stretched about 190m in aults, controlled by extension from different

direction along with the process of their Westwarf'recuon’ the track of gross displacement change

movement, it is mainly provided by fault F2 and F rom simple line to complex curve, this is also the
reason why the fault blocks rotate under the céntro

As the hanging wall of fault F1, fault block B2 isof multiple faults. As to restoration of fault
also the footwall of fault F2. Its deformationdisplacement in three dimensional model, fault
process is mainly controlled by fault F1, it moves displacement change obviously along the strike of
west along the fault plane of north part of fault, F the fault, such as the fault F1,F2 and F3 in this
promote fault block B3 at the same time. As amnodel, this problem can be handled effectively by
independent hanging wall, fault block B2breakpoint match tracking method.
participate in deformation of tectonic restoratio
only as a fault line (red), thus its deformationdao
totally depends on match tracking path of faul
plane of the north part of fault F1. By comparin
tectonic position and tectonic geometry of faul
block B2 during tectonic deformation
Longitudinally, it is found that fault block B2 rate
clockwise in a certain extent while its westward  (a) Initial Sate
horizontal movement. Take the southeast end of Geologic Model
fault block B2 as axis to contrast the positiondoef

Because fault blocks are controlled by multiple
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(B) 30% Deformated
Geologic Model
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wall and footwall, restore the faulted surfacett i
original geometry. All faults are synchronously
restored to reference plane by parallel calculéte o
.. Position relationship among faults during the
o process of fault displacement restoration.
- 2. Different fault displacement along strike of
e fault can be effectively handled by breakpoint
(C) 60% Deformated (D) Nowadays Sate match tracking method. Process comparison, which
Geologic Model Geologic Model is a new research direction, is given to tectonic
) _ ) restoration research, researchers can deeply &alyz
Figure. 4. Three Dimensional ModelsOf Archean Top 0 maiching  relationship and  restriction
Surface Of Different Restoration Stage . .
mechanism during the process of fault development
3.2.2 Discussion of defor mation rationality on the basis of process comparison. Rotation of
In this paper, the aim of deformation restoratisria faults due to .different activi.ties of faullts ¢ asabe .
restore the deformation to initial horizontal refece _SO|V_6d by this method, using quantitative analysis
position while restore the displacement of faulhist in different stages.
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