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ABSTRACT At the first time, the concept and the techniques of geometric modeling of geologic body were

proposed. The three dimensional geologic bodies can be classified into three types: point-like, linelike and

plane-like geologic bodies. With geometric modeling techniques and methods, the models for geometric model-

ing of various geologic bodies have been derived and their attribute extensions were also dealt with, which pro-

vide a new way for deseribing complex geologic bodies with computer language.
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1 INTRODUCTION

Modeling and representation of geologic
bodies is an essential topic of various research
fields of earth science such as structural geology,
mineral geology, prediction of resources, geome-
try of orebody, prospecting and mining. The
studies on the description of geologic body! '™ ¢
have been attempted in different aspects by many
geologists and researchers, but a good solution
has still not been achieved.

The modeling and computer representation
of geologic body have been completely achieved
by the authors and research group using comput-
er aided geometric modeling and other techniques
after researching and experimenting for several
years. As aresult of the achievment, the authors
also solved the automated generating and plotting
of geology-survey maps which were a difficult

topic with no progress for long' > 1.

2 GEOLOGIC BODY AND GEOMETRIC
MODELING

2.1 Geologic body

Geologic body is a natural object with spa
cial occupation formed by geologic agent in geo-
logic epochs, which is an irregular obhject with
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natural and arbitrary shape, and can be classified
into orebody, structure, stratum and others by
composition.

To investigate geologic bodies, we frequent-
ly get the data of limitation lines and composr
tions of geologic hodies by means of geological
engineering control and geological mapping, and
describe geologic bodies and their spatial distri-
bution and assemblage by different geologic maps
(e.g. generalized geologic map, exploration sec
tion map, level geologic map). To study geolog-
ic bodies more proficiently, many scientists also
quantitatively describe geologic bodies in differ-
ent models such as model of mineral deposit'*!,
mathematical characteristics of geologic body!'l,
and model of spatial distribution. However,
these models cannot describe geologic bhodies as
completely and intuitively as geologic maps.

Geologic body is a three-dimensional object.
We are apt to or tend to describe the real 3-dr
mensional object by a series of profiles of the ob-
ject (e. g. exploration sections, level plans).
Acturally, a series of parallel profiles can ohjec
tively and perfectly describe geologic bodies in 3
dimensional space because we can acquire the
complete 3-dimensional model if the 2-dimen-
sioanl representation is valid.

By its shape the 2-dimensional geologic
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body can be classified into three types: (1)
point-like geologic body, e. g. geologic outcrop
spot; (2) linear geologic body, e.g. fault; (3)
planar geologic body, e.g. orebody, rock mass.
In our research, for the uniformity of the
description of various geologic bodies and engi-
neerings, we can recognize a geologic engineer-
ing as a geologic body with special attributes.

2.2 Geometric modeling

Geometric modeling is the method and tech-
nique to define the shape and geometric charac
teristics of an object. Geometric modeling pro-
vides analytic and quantitative models and tech-
niques for the descriptions of real objects and
processes. Geometric modeling can effectively
carry out the mathematical representation, de
sign and rendering of a real object.

Geometric modeling can construct and rep-
resent an object in many ways which mainly are
graplrbase models, boolean models, parametric
representation, cell decomposition representa
tion, constructive solid geometry, boundary rep-

resentation and curve frame representation.

2.3 Geometric modeling of geologic body

Geologic body is also the object in space,
but its shape is not regular. Based on the raw
data of geologic body, by means of geometric
modeling we can carry out mathematical repre-
sentation, design and rendering of geologic
body, which is defined as geometric modeling of
geologic body (GMGB).

Because geologic body is a shapeirregular
object, we should use general construction and
representation techniques ( e. g. graph-based
models, boolean models) to carry out geometric
modeling of geologic body and represent it,
which are based on the applicable parametric ge-
ometry to shapeirregular object( e. g. paramet-
ric representation of natural curve). Meanw hile,
we can describe the attribute characteristics of
geologic body by means of their attribute data(e.
g. geologic body’ s type and composition),
which may be perfectly combined with the geo-
metric modeling models of geologic body to ac
complish the extension of geometric modeling of

geologic hody. Therefore geometric modeling of

geologic body is actually the attribute-extension
geometric modeling of shapeirregular object. In
computer, we will store the geometric data,
topologic data and attribute data of geologic bod-
ies on extended relation model.

3 MODEL OF GEOMETRIC MODELING OF
GEOLOGIC BODY

Geologic body in 2-dimensional space can be
classified, by shape, into three types: point-like
geologic body, linear geologic body and planar
geologic body. The constrution of the geometric
modeling models of geologic body can be finished
in 2 aspects: (1) the geologic body geometric
models ( the object pure-geometry information
such as co-ordianates, equations, and the topo-
logic and linking information among the object
elements); ( 2) the geologic body attribute ex-
tension.

3.1 Point like geologic body
3.1.1 Geometric model of point

A point-like geologic body in 2-dimensional
space can be represented geometrically by a 2-drr
mensional co-ordinate point ( node) as follows

P=(x. y) ()
3. 1.2 Attribute extension

A point-like geologic body owns its attribute
characteristics which may include several at-
tribute items (e. g. point name, element con
tents, etc.). The point-like geologic body’ s
model P, by attribute extension of P can be de-

fined as

P,= (P, a) (2)

3.2 Linear geologic body
3.2.1 Geometric model of edge

The polyline composed of a series of sorted
nodes P;(j = 1, 2,
or an arc. An edge e can be described as
= {Pj} J = I, 2, ... n (3)

Geometric model of linear geologic body

.y n) is called as an edge

e
3.2.2
(1) Regular linear geologic body
A simple object like a drill hole, a prospect-
ing trench and so on actually is composed of one
or more edges( polylines) with one’ s tail linked

to another’ s head, 1. e., aregular linear geologic
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body can be described as

L=1{e}) i=12 -, m (4)

(2) Irregular linear geologic hody

A large number of linear geologic hodies are
shape irregular and take natural curve shapes
such as faults, boundaries of rock beds and rock
masses. T here are engineering points or observa
tion points located at bent or hinge positions to
control the geologic bodies, but no other control
points between the engineering or observation
points. Therefore, it is unfit for edge models
with regular linear equation to represent the ir
regular linear geologic bodies, which need to be
described by tertiary parametric splines with nat-

2 .
ural smoothness ( € continuance) as follows:

L=+{S)}) i1=12 ., m (5)
where S, is tertiary parametric spline curve:
Si= (P, Py - P, By,
By, -, B,_.1} (6)
In the above formula, By, B,, ... B,. are

subcurve coefficients, and B; (Bjo, Bji1, Bja,
B;3) is the coefficient of the jth subcurve, the

formula of which is

Bjo= P
Bj1= P
Bjy= 3(Pj,1— Pi)/1; -

‘ 7
(Pj+1+ ZPJ)/ZJ ()

Bjs=— 2(Pj.1— Pj)/1;+
(Prr+ P/
2 241/2
where [ = [(xp1— %)+ (y1- ¥)7]

andp;(j: 1, 2,
follow ing equation group:
2P+ WP,= (4
M1+ 2P+ BPLi= C
j= L2 .« n-1
MP, .1+ 2P, = C,
where W= N= 1, Ci= 3(P,- P1)/1,
C.,=3(P,— P_1)/lo1, M= L/(Li+ [i-1),
b= 1- )

From the above formulae, the tertiary para

.-, n) 1s the solution of the

(8)

metric spline equation of the jth subcurve( seg-
ment) of the curve S;:

P(t)= Bio+ Biit+ Bjat®+ Bjst’

t €70, L] j=1,2 - n-1 (9

Practically, we can transform curve S; into

edge e; by spline interpolation, but the edge e; in-
cludes a large number of interpolation nodes be
sides the nodes belonging to the curve S;. Ac
cording to this, the representation Eqn. (5) of
the irregular linear geologic hodies can be simplr
fied as

L=1{e}) i=1 2 .. m (10)
3.2.3 Attribute extension

A linear geologic body bears its attribute
characteristic which may include several attribute
items( e. g. fault name). The linear geologic
body’ s model L, by attribute extension of L can
be defined as

L,= (L, a) (11)

3.3 Planar geologic body
3.3.1 Geometric model
A planar geologic body such as orebody,
rock mass appears an enclosed polyline in shape,
which is composed of a series of curve segments
with one’ s tail linked to another’ s head. As re-
lated above, a curve segment can be described by
edge model Eqn. (3), no matter it is regular or
irregular. Therefore, a planar geologic body can
be represented geometrically by the model
F=Vfe}) i=1 2 .. m (12)
where the start node of e; and the end node of

e, are the same node ( called as shared node) .
3.3.2 Attribute extension

A planar geologic body has its attribute
characteristics which may include several at-
tribute items(e. g. name, area, etc.) . The pla
nar geologic body’ s model F, after attribute ex-
tension can be defined as

F,= (F, a) (13)

3.4 Complex geologic body

The three kinds of geologic bodies discussed
above are simple and undivided. In fact, a big
complex geologic body is usually composed of
some small geologic bodies. For example, an
iron ore belt is a complex planar geologic body
bacause it i1s composed of several ore blocks
which are planar geologic bodies. A complex pla-
nar geologic body may be composed of simple
point-like, linear and planar geologic bodies and
complex geologic bodies, and similarly a complex
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linear or planar geologic body may he composed
of simple point, linear and planar geologic bodies
and complex geologic bodies. So we can define
the geometric model of a complex geologic body
as

C={Gyu}) 1=1 2, ««» m (14)
where G, is a daughter geologic body compos-
ing the complex geologic body C.

A complex geologic body has its attribute
characteristic just as a simple one. Some at-
tributes, e. g. area, element content, of com-
plex geologic bodies can be derived from their
daughter bodies. The model C, by attribute ex-
tension of C is as follows

C.= {C, af (15)

3.5 Topological structure of geologic body

The topological structures of geologic bodies
describe the spatial relations of geologic bodies.
The spatial relations are expressed mainly by two
kinds of topological relations, 1. e. association
relations and adjacency relations.

Association topological relations describe the
interactive relations of nodes, edges and faces,
which can be divided into up-to-down( face-edge
node) and downtoup association relations. The
uprto -down relations present the composition of
geologic bodies ( point, linear, planar geologic
bodies), which are just the topologic relations
that the geologic models above express( obvious
or direct expression) It is apparent that the
dowmrto-up topological relations can be derived
from the up-to-down relations.

The adjacency topological relations can be
directly derived from the association relations.
For instance, two adjacent planar geologic bodies
bear a common edge( shared edge), so we can in-
fer if two planar geological bodies are adjacent by
calculating if they share a common edge.

Based on the above relations, it can be con-
cluded that the models of geologic bodies listed

above describe not only the pure geometric and

attribute information but also the topological
structures of geologic bodies.

3.6 Geometric analysis and modeling opera-
tion of geologic body

All geologic bodies constructed by geometric
modeling sometimes need to do geometric opera
tion to build new geologic hodies. For instance,
in an opencast, geologists, surveyors and miners
must often calculate and plot the blasted orebod-
ies, which are actually the overlayed area of the
blasted segment and the ore hodies.

Between geologic bodies G, and G, there
are mainly union, intersection and subtraction
operations, by which we can construct a new ge-
ologic body G, as follows

(1) Union operation: G, = G, U G,

(2) Intersection operation:

ﬂ G[)
- G[)

The calculation formulae of the operations

G.= G,
(3) Subtraction operation: G, = G,
are different for different types of geologic bod-
ies. The operations of point-like and linear geo-
logic bodies can be done through containment,
intersection and other calculations. When two
geologic bodies are planar, we should adopt the

polygon caculation formulae to do the opera

tions.
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