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Chapter 1 Introduction 

This package was assembled primarily so that structural 
geology problem maps could be made simply and efficiently. It 
can also be used in its interactive mode to demonstrate the 
development of structures in a model region, and with several 
reservations, it can be used to model the geology of an exsisting 
region, and thus be used as a predictive tool. 

The need for a problem map package is twofold, first it takes 
on average two weeks to produce one advanced problem map by hand, 
whereas a series of related maps can be produced easily by this 
package within a day. Secondly, there is at present a limit to 
the complexity of problem maps equal to the the level of patience 
of the lecturer. With this package, once learned, it becomes 
easy to produce maps of considerable complexity, and the only 
limits are those imposed by a maximum of fifteen deformation 
events and, of course, the relative simplicity of the deformation 
models themselves. 
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Chapter 2 The Geometry of Geological Structures 

This chapter is intended to provide a geological rather than 
mathematical view of the displacement equations used in this 
package. As well as this these equations are considered, where 
applicable, as models of existing structures. 

2.1 Folds 

The geometry of folds has long been a subject of study and 
over the past twenty years theories relating to the mechanisms of 
folding have become vastly more sophisticated. Given the large 
number of parameters which have been shown to effect the 
intiation and development of folds it is perhaps surprising how 
the geometry of natura~ly formed folds repeats itself in many 
different defor~ational environments. To date most fold studies 
have been based on fold profiles, which means they expressly or 
tacitly assume plane strain. Any study of naturally deformed 
rocks shows that far from the cylindricity implicit in this 
assumption, folds are not cylindrical, nor can they reasonably be 
expected to be. The geometries of folds in three dimensions, 
(which includes vertical variation in fold profile as well as 
non-cylindricity), are at present derived from two main sources. 
First by the traditional methods of mapping on the surface, and 
secondly and ever increasingly, by the use of seismic traverses. 
The majority of these traverses are at present being undertaken 
in oil fields consisting of strata with relatively open fold 
structures in them. To assist in the study of this type of 
environment it is useful to be able to condense the survey 
profiles into a form which allows the development of predictive 
models. 

The simplest possible model asumes folds with a "similar" 
geometry and cylindrical fold hinges, such as those which can be 
generated by the "FOLD" routines in "NODDY". The actual defining 
pro f i 1 e can be as com pI e_x as des ire d, bee a use a F 0 uri e r S e r i e s 
can be used as an accurate descriptor, as outlined by Huddleston 
(1971). For the local analysis of a structure this form of 
definition may be sufficient, however it cannot be said to be a 
very natural strain state. With the,development of the theory of 
the buckling of anisotropic layers, Riot (1965), came the , 
recognition of internal buckling in multilayers, and his 
displacement equations for sinusoidal internal buckling form the 
basis for routine "BlOT". This routine has the disadvantage that 
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it can only produce regular wave trains, however it was included 
as it provided the only fold style which could produce a more 
realistic strain pattern around the fold. Incidentally "BlOT" 
can also be used to produce internal pinch and swells. 

The cylindricity function, of the form: 

Fe(v) = exp(-n.V
2

) 

has been included not so much to generate a useful 
non-cyclindrical fold style, but so that localised fold events 
could be generated using routines "FOLD", "SINE", "CHEVRII and 
"BlOT", thus making it possible to have a single stratigraphy 
undergoing two entirely independant geological histories. 

Both for its neat dovetailing with the style of information 
being collected , (i.e.seismic profiles of folds), and for its 
ability to produce realistic fold geometries when used as a 
deformation model, the lofted surface stands out as the most 
versatile fold description. Lofted surfaces are curviplanar 
surfaces interpolated from a series ~fcl:9~!4r profiles, which can 
be at any orientation to one another ,rand i the profile can be a 
description of any horizon in the stratigraphy. In its most 
complete form, all available fold profiles are used to generate a 
continuum of surfaces, which either represent the actual folded 
surfaces when used as a model of an exsisting structure, or as 
the defining displacement function when used as a deformation 
model. Routine "LOFT" uses just three profiles, two user 
supplied and a sine wave supplied by the program to produce 
non-cylindrical but similar folds. Lofted surfaces are very 
flexible because they can be adapted to use any profile 
information, whether complete or incomplete, and provide an 
accurate means of modelling complex fold surfaces. Furthermore, 
as only relatively few Fourier coefficients and the attitudes of 
the defining fold profiles need be retained, they represent "a 
very efficient means of storing structural information. A more 
complete, but non-geological description of the use of 
lofted-surfaces may be found in Rogers and Adams (1976). 

Often, when kink bands are discussed, they are thought of as 
centimeter to meter scale structures, and if they were only 
considered as being of this size, they would not be structures 
that affect the stratigraphy of a region, and certainly would not 
show up on a map. Their value in this case would be as relative 
age markers, and possibly as a palaeo-stress indicator. 
Nevertheless they have been included in this package, as parallel 
sided zones of homogeneous simple shear, so that po~yclinal folds 
can be generated, and for this purpose they are ve~ useful. 

Of course all of these fold descriptions have drawbacks, not 
least their inability to cope with profiles that cannot be 
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described by a linear function such as a fold with an elasticus, 
also, when large amplitude folds are generated it becomes 
apparent that "similar'1 folds are not sufficiently accurate as 
the resulting limb attenuation is too great. 

2.2 Faults 

Even though it is becoming increasingly apparent that faults 
at depth represent a complex interaction of many different 
structures, some starting as anastamosing shear zones, and 
surfacing as sharp discontinuities, it may still be possible to 
model the fault zone as a discrete planar feature. Once outside 
the immediate influence of the fault zone the strain state may be 
modelled by using a simple slip function. Within the zone of 
contact strain, however, a much more detailed study of the strain 
states would be necessary to produce an accurate description. In 
some cases it may be feasible to use a flat fault superimposed on 
a shear zone as a model. The equations needed to model true 
faults zones are beyond the scope of this thesis, and in "NODDY", 
simple uniform slip and uniform rotation models are used. When a 
uniform slip is assumed it is possible to create curved fault 
traces, and routine "FAULT"does this. A useful halfway stage to 
producing a complete system of displacement equations for faults 
would be to use a system whereby unit displacements parallel to 
the gradient of a curved fault plane could be calculated and 
enacted so that, for example, ramps in thrusts could be 
approximated. 

2.3 Shear Zones 

The variation in strain states seen in and around shear zones 
has been comprehensively documented by Ramsay,(1980). Shear 
zones cover a wide range 6f scales, from the microscopic to the 
inter-continental and one approach can be used to accurately 
model the resulting deformation patterns, as over most of the 
size range the strain states are inherently similar. This 
package is not really concerned with the smallest scale 
structures as these do not really interact with other structures. 
Similarly the internal strain states of medium-sized shear zones 
can be considered as black box zones of homogeneous simple shear, 
and it is only the large shear zone, with mappable internal 
structures such as sheath folds, which are considered in this 
package. Of course the information derived from smaller 
structures is important, however, it is not representable on such 
a large scale. 

In routine "KINK" which as the name implies, also deals with 
kink-bands, the boundaries to the def~rmation bands are again 
considered to be flat planar, although more realistic shapes 
could be created by adding another function. Just as real faults 
are curved, so are real shear zones, and an analogous routine to 
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"FAULT", with its Fourier defined fault trace, would be 
nescessary to accurately synthesise a real shear zone. The shear 
zone is assumed to consist only of a zone of heterogeneous simple 
shear, so that there is no volume change. The actual 
distribution of shear strain across the zone is defined by the 
profile of a continuous planar feature perpendicular to the shear 
zone boundary. This is stored as a series of Fourier 
Coefficients, not so much because it is the best method of 
storing the information, but so that a single data storage method 
could be provided for all curved features. 

2.4 Unconformities 

In the real world all unconformities, whether marine or 
sub-ariel are of only one type, the buried landscape. For 
modelling purposes it may be possible to regard some 
unconformities as being planar so that the amount of data needed 
to synthesise the structure is minimised. Routine "BURY" 
represents the former type, where the erosional surface is. 
defined by a contour map, and routine "UNC" the latter where the 
equation of a plane is used. In both routines the geology above 
the unconfomity is assumed to be until ted and ignores the nature 
of the unconformity. Since the area of study in the final map 
may not coincide at any point with the area of definition of a 
non-planar unconformity, the described area is initially set to 
cover four times the area of the default map, and the geometry of 
the unconformity is reflected by the boundaries of the defined 
area, so that it represents an infinite erosional surface. 

2.5 Igneous Events 

The geometry of an igneous body need follow no set pattern, 
nevertheless in general terms it is useful to distinguish between 
planar dykes and sills, and the irregular plugs. For the 
purposes of this package, plugs are defined by their sectional 
shape, stored as the Polar Coordinate Fourier Coefficients of the 
contact. This section can be projected into three dimensions in 
one of three ways: prismatically, to produce a cylinder of rock; 
with a linear function of distance, so that a cone shaped body 
results; or finally with a parabolic distance function, so that 
the apex of the cone is blun~? Since these three types only give 
rise to fairly limited plug shapes, the option is also provided 
of defining successive igneous events as a single intrusion, and 
this points the way to a more complete method of modelling 
irregular bodies, using a number of "standard" shapes to build up 
a complete description. 

Most dykes can be modelled asta single surface, with the 
thickness of the dyke and possibly the amount of displacement 
across the dyke being included as seperate functions. The 
question of whether dykes and plugs are intruded dilationally in 
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be response to. a tensile stress field, or by the assimilation of the 
ar country rock into the magma chamber must be considered as very 
Ie different strain states near the contacts will result With 
al plugs it has been assumed that only stoping takes place so that 
he the country rock is unstrained, in contrast both possibilities 
ar are available when modelling dykes in this package so that a 
er simple translat~on is possible in the country rock to one side of 
of the dyke wall. This distiction does not arise with sills, as 
od these are modelled simply by including them within a defined 

stratigraphy. 

Igneous bodies often posses a metamorphic aureole, and the 
position of the isograds will be a function of the heat flow from 

or the magma and the conductivity of the various rocks involved. 
or Since no assumptions can really be made as to the values of the 
me parameters involved, it is best to avoid the issue altogether. 
ed To this end the position of the isograds around igneous bodies is 
Y" defined by a metamorphic stratigraphy which in the case of plugs 
is radiates outward from its central axis, maintaining the shape of 
he the plug section, and in the case of dykes simply extends outward 
ve in planes parallel to the dyke walls. As it is only possible to 
re define one metamorphic event, if two or more igneo~s bodies are 
ap merged, only the first will be associated with a metamorphic 

a aureole. 
to 
of 
ed 

2.6 Homogeneous Strain Deformations 

If all deformations were the result of homogeneous strain, 
life would be very boring indeed. As it is, homogeneity of 

n, strain can only be used for the desciption of deformations on a 
en scale smaller than that of the structures, for example within the 
he limb of a fold, or much larger, so that the structures can be 
al considered insignificant. It is with these limitations in mind 
he that the strain matrices should be used in routines "PURE" and 
in "ROT" The former uses directly the coefficients of the the 
k; Lagrangian strain matrix, which may, of course include components 
dy of pure shear, simple shear and rotation. The latter generates a 
at rotation matrix from the orientation data supplied by the user. 
ve No routine for translation was included as it is possible to view 
ed the geology at any locality anyway. 
nd 
ng 2.7 Penetrative Strain Markers 
up 

Routines "PLANE" and "LINE" were included so that penetrative 
strain markers could be incorporated independantly of any 

he particular deformation event. Although in the block diagrams 
nt they are invisible, in the final section of the program their 
he orientation may be determined. The orientation of all linear and 
in planar features is calculated by enacting the Lagrangian 



~ 
-1 

-] 

I 

... I 

. I 

-j ~. 
~. 
:v 

. J 

J 

1 

7 

displacements on a three by three regular grid of coplanar points 
of the correct pre-deformational orientaion and position. Once 
these displacements have been calculated the final orientation is 
calcu1ated by finding the mean of the eight planes defined by the 
center point of the grid and any two adjacent perimeter points. 
Lineation orientations are in fact calculated in an identical 
manner, except that the grid lies in the normal plane to the 
undeformed lineation. Unfortunately because the strain patterns 
displayed by real folds have only been rather crudely 
approximated, the resulting orientation data is similarly crude, 
even though it is internally self- consistant with the 
deformations calculated by the program. It may prove possible to 
use strain equa~ions of the form found in Ramsay,(1967) to 
simulate the results of various folding mechanisms, although 
these would have to take into account the positions of the layer 
boundaries, and would thus pose a more complex problem than that 
solved in this package. The grid has dimensions of two by two 
and it may be found that by increasing this somewhat a more 
precise dip calcultion may be derived, as the high frequency 
fluctions produced by using Fourier coefficients may be more 
important than the less localised deformations suffered by the 
grid as a whole • 

t , 
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ts Chapter 3 The Deformation Models Used in "NODDY" 
ce 
is 
he 
s • 
al This chapter lists all the dispacement equations used by this 
he package to model geological structures, and the definitions of 
ns the parameters needed to vary one structure's geometry during a 
ly program run. The relevance of most of the parameters should be 
e, apparent to anyone with a basic knowledge of structural geology, 
he although the precise definitions, (the wavelength of a fold train 
to for example), need to be stated. The section titles in this 
to chapter refer not to the subroutine names, but to the event 
gh labels which identify each deformation type within the program. 
er The figures in this section are unreferenced and are positioned 
at with the relevant displacement equations. The orientation of the 
wo resulting displacement vector or vectors is displayed on these 
re figures, with the magnitude of the vectors being that for the 
cy position shown, and not nescessarily the maximum displacement 
re possible. 
he 

L 

3.1 Principles of the Displacement Equations Used in "NODDY" 

The curious world inhabited by "NODDY" consists of an 
infinite volume of rock and the displacements are defined 
implicitly or by inference with respect to flat planes, thus the 
curvature of the Earth has not been considered in producing these 
deformations. The displacement equations in "NODDY" are all 
unary, that is there is a one to one mapping of all points before 
and after each deformation. These equations are calculated in 
both their natural form, i.e. Lagrangian, and their inverse 
form, i.e. Eulerian. The Lagrangian form is calculated in 
routines with deformation names without prefixes, for example 
"FOLD", and are used to calculate the coordinates of a small grid 
to' determine orientation information. These equations are 
enacted successively in normal chronolo'gical order, whereas the 
Eulerian equations are enacted in the reverse order. The 
Eulerian form is contained in routines prefixed with either IIUN II 

or "LNt! such as "UNFOLD" and "LNFOLD H , and in fact these two sets 
of routines are identical except that the dimensions of the 
arrays containing the grid points are different. 

Since it doesn't matter whether the space occupied by the 
geology is deformed by complex equations which include terms for 
the orientation and position of tpe deformation, or by 
transforming the space into a standard orientation, calculating 
relatively simple displacement equations, and then transforming 
the space back, the latter method was chosen as it made it much 
easier to create new displacement equations, and to modify 
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exsisting ones. To this end routine "CONVERT" calculates the 
direction cosines of the pole to the defining plane of the 
deformation, and of the defining pitch direction within that 
plane. "ROTSET" then calculates the concatenated rotation 
matrices necessary to rotate the plane pole into parallel with 
the X-axis and the pitch line into parallel with the Y-axis, and 
it also calculates the inverse matrices which rotate these axes 
back into their normal orientation. 

At each pOint in the program where a block diagram or map is 
requested, routines "DOTMAP" and "LDOTMAP" calculate the 
coordinates of the surface points and then enacts in reverse 
order the Eulerian displacement equations. Since all 
stratigraphies in "NODDY" start off as horizontal, the Z 
coordinate of the point's final position defines its position 
within that stratigraphy. If during the enactment of the 
displacement equations a point is found to be within an igneous 
body no further calculations need be carried out. Similarly any 
point which is found to lie above an unconformity during one of 
the routines need not be further displaced as the Z coordinate 
will give its position within the new stratigraphy. 

Information about the deformation history is stored for each 
point as the fourth variable with the coordinates of the point. 
After all the deformations have been enacted, this code provides 
information on the rock type the point represents, and if it is 
not from the base stratigraphy, the age of the erosional or 
igneous event that removed that stratigraphy. This information 
is then used to place the point in the right stratigraphic column 
or igneous body. 

Once these transformations have been carried out for every 
point on the surface of the map, it is possible to define the 
stratigraphic boundaries by contouring the Z values. Each 
sub-area, which is bounded by discontinuities in the form of 
faults, igneous bodies, unconformities and the edges of the map, 
is contoured as a single unit, and different sub-areas, which 
must have undergone different displacement histories, must be 
contoured seperately. The levels of the contours are defined by 
the heights of the contacts in the originally defined 
stratigraphies. The boundary between continuous sub~areas is 
contoured by setting each point within the sub area to +1.0, and 
setting each point outside it to -1.0, and contouring the Z = 0.0 
level. As this is a much more crude description than that used 
within a sub-area, the contours have a mO,re jagged appearence, 
however the only way to improve on this would be to recalculate 
the entire set of displacement equat~ons for each boundary, and 
this would be prohibitively expensive :i\'n terms of computer time. 
GCONTR, the contouring routine used in this package is, as yet, 
not generally available from the Computer Center, and thus at 
Some future date it may become nescessary to alter the procedure 
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:he files which. call this routine. 
:he 
'at In the following equations, (U,V,W) represents the 
.on coord·inates of a point in the deformation reference frame into 
.th which the (X,Y,Z) space is rotated prior to the calculation of 
lud the displacements, and (U' ,V' ,W') represents the coordinates of a 
:es point after a Lagrangian deformation has taken place. When the 

pitch of a line is called for, such as a slip vector, zero 
results in a plunge direction of the dip direction of the plane 

is minus 90 degrees, with positive amplitudes resulting in 
he displacements in the direction of the pitch, and negative ones 
'se resulting in displacements which are in the opposite direction to 
.11 the pitch plunge. Tbe parameters which define the geological 

Z history are stored in array "HISTORY", and the storage location 
on associated with each parameter for a given event label are shown 
he in Fig.!. 
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Fig.l. Table of storage locations of geological histor1 
information within array "HIS~ORY", and the inherent 
penetrative planar and linear¥features whose ori~ntatiol 
may be determined in the third part of "NODDY". 
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3.2 "FOLD", "SINE", and "CHEVRON" 

~ 
v 

~/ ft' 

/ 

Fig.2. Three sections showing the post-deformational 
geometry of the W=O plane using "FOLD" with cylindrical 
hinges. The V=O plane is the plane of maximum amplitude 
for non-cylindrical folds. 

n=o 0 ($pec.;ql cClse) 
-------------

100 '00 Joo 

Dis 1-. 

Fig.3. The effect of the non-cylindricity 
function Fe(V) on the hinge line profile of a fold. 
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Lagrangian Form:. 

U' U 

V' V 

W' W + A.Fr(U) .Fe(V) 

Eulerian Form: 

U = U' 

V V' 

W = W' - A.Fr(U').Fe(V') 

Where A is the amplitude of the fold and the wavelength of 
the fold profile, or fold train profile, is normalised to 2.Pi, 
so that a wavelength function does not actually appear in the 
equations. The local origin of the fold defines the phase of the 
fold profile arid the plane of maximum amplitude for 
non-cylindrical folds. For these, and all following equations, 
Fr and Fe are defined as: 

Fr(U) 

Fe(V) 

= 1/2 aO + 

EXP (_n.V2 ) 

A COS m.x 
m + B SIN m.x 

m 

A and B are the Fourier Coefficients of the design as m m 
calculated by "SYNMAP". The Fe function is so normalised that if 
a value of n is input, then the function will have a value of 0.5 
at a distance V=n from the plane of maximum amplitude. The 
amplitude of a fold train is defined as the largest positive 
digitised amplitude, and the wavelength is the length of the 
digitised fold profile, rather than the wavelength of an 
individual waveform. 



- 14 -

3.3 "BlOT" 

Fig.4. The displacement pattern demonstrated by the 
W=n family of planes using "BlOT". 

Lagrangian Form: 

U' U - C.L.Xi.COS(L.U).SIN(Xi.L.W).Fe(V) 

V' V 

W' W + C.L.SIN(L.U).COS(Xi.L.W).Fe(V) 

L = 2.Pi/Fold Wavelength 

Xi = Ratio of Fold Wavelength to Wavelength of Internal 
Buckling 

C = Amplitude of Fold 

Eulerian Form: 

The Eulerian form of these displacement equations involves 
the use of an iterative non-linear root finding technique, and 
the one chosen is descibed in Atkinson,(1978). This scheme 
requires a routine for solving simultaneous equations, and 
routine F04ATF from the NAG program library was used. As this is 
a complicated solution compared .to the other displacemnt 
equations, it uses considerably more computer time, and this 
should be kept in mind if only a simple map is desired. 

The local origin defines the phase of the fold profile and 
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the position of the plane 
non-cylindrical folds. 

of maximum amplitude 

1'" 
\ 
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for 3.4 "LOFT" 

w 

7 
""--------',----/--- -- \---/~--~v~~ _________________ u 

Fig.5. Nine sections showing the post-deformational 
geometry of the W=O plane using "LOFTED". The V=O plane 
is the plane containing the first defined fold 
profile and this sequence represents a complete 
cycle from the first profile, through the second, and 
back again. 

Lagrangian Form: 

U' U 

V' V 

W' Fr
1

(U).D + Fr
Z

(U).(l-D) 

D = l+(SIN(Fa(Sep,V).Pi)- Pi/Z)/Z 

Fa(sep,V) calculates the position of a coordinate relative to the 
defining planes or reflections of the defining planes in each 
other. The wavelength and amplitude terms are as defined in 
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"FOLD". 

Eulerian Form: 

U = U' 

v V' 

The local origin defines the position of the plane containing 
the first defined fold profile. The fold hinge profile for all 
lofted folds is a sine wave with amplitude varying according to 
the values of the two interpolating values. 
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Fig.6. Two 
by "FAULT". 

sections through the fault plane 
The U=O plane is the mean fault 

Lagrangian Form, (U > Fr(W) .A): 

U' = U 

V' V + S 

W' W 

Eulerian Form, (U > Fr(W) .A): 

U U' 

V V' - S 

W W' 

as defined 
position. 

S is the magnitude 
the translated volume 

of the slip 
of rock are 

;~ 

vector, 
defined 

and 
by: 

the fault plane 
and 

J 
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U > Fr(W).A 

The local origin defines the position of the mean fault plan 
and the phase of the fault trace, A is the amplitude of the trac 
and W is normalised to 2.Pi 
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3.6 IIFLAT " 

,lane Lagrangian Form, ((X, Y ,Z) > plane): 
:rac.e 

X' X 

Y' Y 

Z ' Z 

Eulerian Form, 

X X' 

Y Y' 

Z = Z ' 

Where D( , J3 
vector and S 
position of the 
called for, the 

+ lX • S 

+ ;B • S 

+ ~ • S 

((X,Y,Z) > plane) : 

- 0< · s 

- J3 · s 

- "t · s 

and ~ are the direction cosines of the slip 
is its magnitude. The local origin defines the 
fault plane, and when a rotational fault i~ 

centre of rotation. 

j 
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3.7 "S_ZTI, "IDEAL" and "KINK" 

Fig.7. The post-deformation geometry of the V=O plane 
using 11 IDEAL" • 

Lagrangian Form, (shear zones): 

u' u 

v' v + Fr 1 (U).S 

w' w 

Eulerian Form, (shear zones): 

u = U' 

V = V' - Fr 1 (U).S 

w = VI' 

Lagrangian Form, (kinks) : 

U' U 

V' V + Fk ;~ 
> 

W' W 

Eulerian Form, (kinks): 



U U' 

v = V' - Fk 

W = W' 

where, for (U < 0): 

Fr1 (U) 0 

Fk = 0 

for (0 < U < Width): 

Fr 1 (U) = Fr(U) 

Fk = (U/Width).S 

and for (U > Width): 

Fr
1 

(U) S 

Fk = S 
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S is the magnitude of the slip vector, Width is the width of 
deformation band and the local origin defines the position of 

boundary between the static body of rock and the deformation 

1~ , 
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3.8 lIu/e" 

This routine determines whether a point in (X,Y,Z) space is 
above the defined plane, and if it is, the rock is placed in the 
new stratigraphy. The local origin defines the position of the 
plane of unconformity. 

---"'~----
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Fig.8. The form of the pre-defined buried landscape 
with respect to ·the default map, (shaded). 

·This routine determines whether a point in (X, Y ,Z) space lies 
:above the plane of unconformity as interpolated from the four 
!surrounding defined grid points. The point is first normalised 
with respect to the area of contoured surface using the Fa 
function. The scaling factor enables you to vary the amplitude 
:of the ridges and valleys, and even to invert them. The absolute 
jvalue of the zero level is a constant term which is added to each 
(point on the surface to raise or lower it. 
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3.10 "PLUG " 

CI.,.,\-n..\ Cyl.. 

~I 
u 

Fig.9. The co-axial plane profiles defined by "PLUG". 

The sectional shape of the plug in the plane perpendicular to 
its axis is defined by: 

C = R.Fr(0) 

and the shape of the plug in a plane including the plug axis is 
defined in one of three ways: 

CYL indrical: 

R = Radius 

PARA bolic: r-, 

R Radius. (B.U)1/2 
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CONE shaped: 

R = Radius.TAN(Q/2).U 

where Radius is the defined mean radius of the plug, 0 is the 
angle between the positional vector and the positive V-axis, B is 
the parabola shape value and Q is the apical angle of the cone. 
A plug is only present for (U > 0) for PARA and CONE. The local 
origin defines the apex of parabolic and cone plugs, and just the 
'central axis for cylindrical plugs. 
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3 • 1l "DYKE" 

v 

Fig.1O., The post-deformation geometry of a 
dilational dyke intruded parallel to the U=O plane. 

Lagrangian Form, (dilated, (U > Width)): 

U' U + Width 

v' v + S 

W 

Eulerian Form, (dilated, (U > Width)): 

U U' - Width 

v v' - S 

W W' 
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Lagrangian Form, (stoped, (U > Width), or (U < 0); or dilated, 
(U < 0»: 

U' U 

v' = V 

W' = W 

Eulerian Form, (stoped, (U > Width) or (U < 0); or dilated, 
(U < 0): 

U = U' 

v V' 

W W' 

Where Width is the width of the dyke and S is the magnitude 
of the slip vector for the translated rock projected onto the 
plane of the dyke. The local origin defines the position of the 
boundary between the static lower rock group and the -dyke. 
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3.12 "PURE" and "SIMPLE" 

Lagrangian Form: 

(X' ,Y' ,Z') = (X,Y,Z)(S) 

( abc ) 
(S) (d e f ) 

( g hi) 

Eulerian Form: 

(X,Y,Z) = (X' ,Y' ,Z')(S)' 

(S)' is the inverse of matrix (S), and to solve this 
1 inversion the NAG library routine F01AAF is used • 

•. 1 
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3.13 "ROTATE" 

Lagrangian Form: 

ex' , Y' , Z ') eX,Y,Z)(R) 

Eulerian Form: 

eX,Y,Z) = eX' ,Y' ,Z')(R)' 

Where eR) is the rotation matrix defined by the direction 
cosines of the rotation axis and the amount of rotation. 
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Chapter 4 Creating a data set for "NODDY" 

Although it is not essential to create new data sets for "NODDY" or even to 
use an ancilliary data set at all, it is useful when modelling the variety and 
irregularity of real geology, even if only a topography is included. The 
example data sets "RAW" and "SYN" show the formats of the digitised and 
synthesised data sets. If it is felt that an alternative system of data 
synthesis is prefered, for example using a more sophisticated regularising 
routine for contour data, then assuming that the format of the synthesised data 
set is adhered to, this should not present any problems. 

4.1 The GRAF/PEN Digitiser, a Primer 

The GRAF/PEN sonic digitiser, which is used to create acilliary data files 
for "NODDY", can work in several different modes. The mode used primarily by 
this package consists of generating Cartesian Coordinates of points. The 
coordinates of a point on the Perspex tablet are calculated by the digitiser 
from the arrival times of the sound waves produced by a spark generator, as 
measured by two orthogonal strip microphones. There are two different spark 
generators, one is situated at the tip of a pen, so that a record of the actual 
points digitised may be kept. With the pen, a point or line is digitised when 
the tip of the pen is pressed down. The alternative spark source is a cursor 
system whereby the coordinates of a point are digitised by placing the cursor 
cross wires over the desired locality and pressing the white button on the 
center of the cursor. To generate a valid data file for synthesis by program 
"SYNMAP" it is necessary to use the digitiser in four different modes, not only 
digitising plot coordinates, but also digitising menu choices, inputing data 
from the linked terminal keyboard and controlling the digitiser by means of the 
controls on the front of the GRAF/PEN processor. 

The digitiser works by receiving sound waves, so it is important that 
nothing should obstruct the microphones, as otherwise spurious plot coordinates 
will be generated. The digitiser coordinate system is such that the user looks 
along the Y-axis ,and to ensure that this is the coordinate system you actually 
digitise it is best to stick the piece of paper with the information to be 
digitised down onto the Perspex. When digitising in line mode the spark source 
automatically emits a click at regular intervals. The rate of information down 
the telex line is faster than the speed at which the terminal works, so that 
random data is displayed on the screen as you are digitising a line, however do 
not be alarmed, the data file itself is normal. 

4.2 Generating a Data File 
\-
) 

Since there are so many small important steps that have to be followed in 
order to generate a data file for "SYNMAP" and "NODDY", the best guide to its 
creation is a step by step account of what has to be done. In the following 
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guide, (T) refers to input by terminal keyboard, (D) refers to digitised input, 
(either a plot coordinate or a menu choice), and (G/P) indicates that a control 
on the front of the GRAF/PEN processor needs to be altered. Comments refering 
to each step are enclosed in dou~le brackets, and are not to be input. 

Starting a new data file 

Enter Digitiser Room «Room 403, RSM)) 
Turn On Wall Plug To GRAF/PEN Processor 
Press "Power" But ton on Processor «Red Light Comes On)) 
Turn On Terminal 
Turn Rate Knob Fully Clockwise (G/P) 
Log On To ICCC System via TAC (T) 

enter:new,mydata (T) 
text (T) 

The system will then respond with "ENTER TEXT MODE", and you are now ready 
to input data to the file "MYDATA". All data requiring a Fourier Synthesis must 
be digitised before any buried topography contours, and the surface topography 
must be digitised last of all. Within the first group, however, there is no 
order of priority between plugs,folds,shear zones or faults, and data can be 
totally intermingled within the data group. Where the word "namel" is used in 
the guide it refers to a five letter label by which the data will be retrieved 
when used in "NODDY", therefore names should be chosen that cannot be confused, 
further the names "CHEVR", "SINE" and "IDEAL" are forbidden as these are names 
supplied by "NODDY". It does not matter what scale drawing is used to generate 
Cartesian Fourier coefficients, as these are normalised anyway. However all 
contour information must be drawn to fill an A4 sheet of paper with the 
East-West or X-axis parallel to the long edge of the paper, and all plugs must 
be drawn with a base circle of 4cm radius, although this base itself does not 
have to be drawn.. The transformation carried out in "SYNMAP" for plugs is shown 
in Fig.ll. 



! 
t 

I 

r 
r 

- 33 -

4.3 Digitising Plug Shapes 

.~ 
" .... .... 2.7\:1 • 

9 

Fig.11. The form of a plug boundary in Polar and 
Cartesian coordinates, the former as it would be digitised, the latter 
ready for Fourier Synthesis. 

A/ enter:PLUG ,name1 (T) 
T or F «depending on whether you digitise 
clockwise (T) or anticlockwise (F») (T) 
Clear,Start,Point,Menu (G/P) 
Digitise "OUTPUT" box in lower R/H corner of perspex (D) 
Digitise Central Point of Plug (D) 
Origin,Line (D) 
Digitise Plug Shape (D) 
1 «1 is end flag» (T) 

4.4 Digitising Faults,Folds and Shear-Zones 

B/ enter:{FAULT,name1 or (T) 
{FOLD ,name1 or (T) 
{S-Z ,name1 (T) 
Clear,Start,Point,Menu (G/P) 
Digitise "OUTPUT" box (D) 
Digitise Origin of Fault/Foid/S-Z «i.e. The left hand 
side of the line » (D) 
Origin (G/P) 
Digitise Upper Limit of X values (D) 
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Line (G/P) 
Digitise Fault/Fold/S-Z Profile from left to right (D) 
1 ((1 is end flag)) (T) 

Once all the desired profiles have been digitised, enter "END" via the 
terminal after the last endflag of "1", and go on to the next section. 

4.5 Digitising Contours 

If no buried landscape is wanted, enter "END" once again, however if it is, 
follow command list "C". 

c/ enter:BURY ,namel (t) 
Clear,Start,Point,Menu (T) 
Digitise "OUTPUT" box (T) 
Digitise origin of map, i.e. The bottom L/H corner (D) 
Origin,Line (G/P) 
123.0 ((fir~t contour level)) (T) 
Digitise 123.0 Contours (D) 
1 ((end of height flag)) (T) 
240.0 ((next contour level)) (T) 
Digitise 240.0 Contours (D) 
1 ((end of height flag)) (T) 
200.0 ((next contour level)) (t) 

Etc. Until 

575.0 ((last contour height)) 
Digitise Last Contour 
9 ((end of map flag)) 

(T) 
(D) 

(T) 

"SYNMAP" creates a regular grid of topographic data from the contour 
information you have digitised. To this end it searches though the data set to 
find points within a given radius of each grid point and calculates a weighting 
function for each data point, which is inve~sely proportional to the distance 
between it and the grid point. The interpolati'Pn scheme used is dscribed in , 
Davis and McCullagh, (1975). Since this results in a smoothing of the 
topography it is best to exaggerate all features of interest. It is also 
advisable to enter spot heights along the crests of ridges and valley bottoms as 
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otherwise these 
the boundaries of 
distance beyond 
effects. 

features become very diluted. 
the grid it helps to continue 
this boundary as this will 

Even though an A4 sheet defines 
digitising the contours some 

greatly reduce any possible edge 

If no surface topography is 
will complete the data set, 
rep lacing "BURY 11 by "TOPO 11 in 

wanted, a final entry of 
otherwise proceed with 

the first line. 

"END" via the terminal 
command list "c" again, 

To complete the command sequence enter "control" C and the system will 
respond with "EXIT TEXT MODE". Then enter "pack" and the system will respond 
with "PACK COMPLETE". You may then save data file "MYDATA" or you may add it to 
a preexisting data set, always bearing in mind that the order of the data types 
must be preserved and that you are only allowed to create twelve Fourier 
Synthesised data sets, and two contoured data sets, one BURY and one TOPO. 

4.6 Synthesising the Digitised Data Set 

Once the data set , 
synthesise the data 
"NODDY" • The' call i ng 

for example 
you need 

command is: 

I1MYDATA" has been 
access to procedure 

CALL,SYNDAT(RAW-mydata). 

created and saved, to 
file "SYNDAT" and program 

The name of the file containing the processed data is "SYN". It is possible to 
check for errors in the datafile "MYDATA" by getting a listing of "SYN". If 
there are no errors, the terminal will output "NO WORRIES SPORT", however if you, 
have made some mistakes it will tell you how many errors you have made, and' 
interspersed with the correctly synthesised data in file "SYN" will be a series 
of basic error messages, giving a rough guide to the location and nature of the 
error. Once these eTrors have been located and corrected, it is then possible 
to use this data set from within program "NODDY". 
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Chapter 5 Using "NODDY" 

When using "NODDY" for the first time it is advisable to have access to this 
chapter and to have already looked over the example program run in Appendix II. 

It is also desirable to produce an example block diagram of each structure 
available, so that a feel for the meaning of the parameters involved may be 
acquired. Even if this is done, in practical terms, the only realistic method 
of understanding the details of this package is to use it. 

5.1 The Tektronix Terminal , a Primer 

"NODDY" was written to interface with the Tektronix graphics terminals, and 
these differ in several important ways from a standard VDU The most 
significant difference is, obviously, their ability to display graphic 
information. Every part of the program can be classified as either being 
hardware character display, which resembles the normal output from a VDU, or 
graphics display, which consists entirely of the display of lines. All graphics 
display, apart from the error messages and graphics surrounding the final line 
maps, may be saved either in the Quick-Look pool, which redisplays any given 
picture and then queues it for microfilm output; or in the Kingmatic pool which 
produces a paper plot on the Kingmatic flat bed plotter. If during a run of 
"NODDY" a lower quality, photo-copy style representation of the screen contents 
(including hardware characters) is desired, this can be achieved by pressing to 
the right the "Auto Copy" key in the top right hand corner of the keyboard, but 
this will only work in conjunction with a screen copier , and if used otherwise 
will clear the screen. During the program, after each new display of graphic 
information, the program asks whether a hard copy of the screen contents is 
desired. Tbis refers to the post processing, however it also provides a break 
in the program where a screen copy of the display may be made. 

Tbe contents of a graphics display are in effect stored physically, rather 
than in a memory and the screen is analogous to a line printer terminal in that 
it will superimpose any overlapping information displayed on the screen, rather 
than erasing the old information if it coincides, as with a normal VDU. If at 
any stage you wish to clear the screen, you can press the "Reset Page" key found 
in the upper left corner of the keyboard. There is only one point in the 
program where you are actually advised to do this, and that is in between the 
displaying of the contour map and the geology map, as if superimposed they can 
create problems in understanding the geology. 

In the third section of the program, which begins after the display of the 
mapping area, interaction is carried out by means~- of two crossing lines which 
appear on the screen. The position of these two lines, and hence the 
coordinates of their intersection, can be altered by moving the thumb wheels 
found to the right of the keyboard. When the cross-wires are lined up so that 
they intersect within the box which represents the desired command input, the 
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information is retrieved by the terminal shortly after any key on the keyboard 
is pressed:t '(except carriage return). This system was chosen so that the screen 
did not become cluttered with questions and answers, as this would cover the map 
and create confusion. 

5.2 Gaining Access to "NODDY" 

Once the data from synmap has been accepted, to run "NODDY" you need a copy 
of the compiled program in binary form called "JOKE" and procedure file "FAST", 
which carries out all the necessary job control commands, both before and after 
the running of the program. If a compiled binary copy of the program is not 
available, this can be generated by using procedure file "EASY". "NODDY" must 
be run at a graphics terminal, and to use the package most flexibly a screen 
copier is essential. (these facilities may be found in room 406 in the 
Hechanical Engineering Building.) After logging onto the time-sharing system, 
and ensuring that the upper case shift lock is on, "NODDY" can be run simply by 
issuing the following command: 

-FAST 

the terminal then responds with : 

**COUPLER ASSIGNED. 

and it then will ask for the number of the terminal, which is found in the lower 
right hand corner of the keyboard. If using a 4014 terminal it will also give a 
choice of character set sizes, however this is overriden by "NODDY" so that any 
answer may be entered. 

\ .. 
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5.3 "NODDY" Preamble 

The first response "NODDY" makes is to display an introductory page which 
describes the program structure and types of input formats allowed. Typing in 
"GO" will then let the program know that you are ready to define the base 
stratigraphy for the geology. It does not really matter what height range is 
specified in your base stratigraphy as the block diagrams and final map can be 
of any scale and position, 'however for the unmodified block diagram, (with local 
origin equal to absolute origin and scaling factor equal to one), a 
stratigraphic column th"t spans from about +600 to -100 is well placed to show 
up the deformation history as it develops. 

5.4 Defining the Geological History 

Having input the stratigraphy, the main interactive definition section of 
the program comes into operation. As an introducion a one line description of 
each deformation event and its associated label is displayed. A fuller 
definition of each type of deformation and the meaning of the parameters needed 
to define them can be found in Chapter Three of this thesis. After each 
definition cycle you,have the choice of viewing block diagrams of the structure 
defined to date. These blocks are nominally 1000 units East-West, 700 units 
North-South and 500 units deep, with the origin of the block coordinates defined 
as the lower South-West corner of the block. By redefining the coordinates of 
this local origin and the scale of the block it is possible to generate block 
diagrams of any part of the structure, and at any scale. It is important to 
remember the scale of the geology you are interested in as otherwise the 
coarseness of the grid of sampled points on the block surface may mean that the 
structure does not show up at all. If this is the case, or for any other 
reason, after you have seen all the block diagrams you want to , you can retrace 
your steps back to any part of the geological history and restart it from there. 
When you have generated a geological history to suit your purpose, and have 
located the block diagram which is positioned so as ,to best display the 
resulting geology, you can exit from the defining stage of the program by using 
event label "END". The program then asks once more if a block diagram is 
required so that you can check your results, and then no further block diagrams 
may be generated. If the program is being used simply to generate block 
diagrams, and specific orientation information or the detail and clarity that a 
line map provides is not wanted, then answering in the negative to all remaining 
questions will terminate the run after a key to the stratigraphy has been 
displayed. 
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5.5 Interactive Dip Data Production 

If, however, a line map or dip data is wanted, then there are two 
alternatives, after a contour map of the topography is displayed, one 
option is to have a full outcrop map of the geology for a given local 
origin and scale displayed. If instead the uncertainty of real 
mapping is prefered, this map can be .suppressed so that only the 
topographic map will be shown. If a linemap is chosen it may be best 
to follow the advice given from within the program to clear the screen 
between the display of the topography map and the geology map. This 
is achieved by pressing the "Reset Page" key on the top-left of the 
keyboard, and it has the effect of simplifying the resultant map, as 
no distinguishing variations in line thickness or colour are available 
on a Tektronix screen. On subsequent Kingmaticic or Microfilm copies 
of this map, however, the two will be superimposed. Of course, if 
desired, the two plots can be superimposed simply by neglecting to 
press this key. 

Once the program is ready for interaction it will print "START OF 
INTERACTION" in the error messages box, the top left of the four boxes 
surrounding the map area. To achieve anything in this part of the 
program, apart from a page full of error messages, it is nescessary to 
have a copy of the tree diagrams which represent the allowable 
sequences of commands. All interaction is carried out by means of the 
crosswires that are displayed on the screen whenever a response is 
required by the program. A valid response is input by lining up the 
crosswires, (using the thumb wheels on the right hand side of the 
terminal), so that they intersect within one of the boxes in the age 
choices or menu area, or if a location on the map is wanted, within 
the map boundaries. The position of the crosswires is only actually 
calculted after one of the alphanumeric keys is pressed so there is no 
hurry. If an error is made, either due to not following the relevant 
tree diagram or simply by missing all of the boxes, then after three 
bleeps a short error message is printed and the program returns you to 
the beginning of the cycle. This section is best, and possibly only 
understood by following the example program run. Exiting from this 
phase is achieved by choosing the box labeled "END" at the start of a 
cycle. This clears the screen, so if an immediate copy is wanted it 
should be made prior to this. Neither screen copies nor real 
hardcopies can detect the crosswires. 

The program will then display stereographic or equal area plots of 
all the orientation data which was accepted in the previous stage, one 
plot for each symbol used and one larger plot which displays all the 
data gerierated. The accepted data iststored in data pools according 
to the mapping symbol cuurently associated with each menu box, thus a 
call to New Symbol will change the destination of that and all future 
data points from the same box, until another symbol is chosen to 
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replace it. The default symbols are displayed beneath each box. You 
then have the option of restarting the third section of the program so 
that you can have a map of a different locality of the same defined 
geology, however it will utilise the same topographic data, if 
available, so that it is not possible to build up endless line maps of 
the geology unless the flat plane topographY option is chosen. When 
no more maps are wanted, after the final set of stereograms is 
produced the end option in the next question will terminate the 
program run and those pages which have been accepted for hardcopy 
generation will be placed in the relevant Quick-Look or Kingmatic data 
pools. The materials generated can be collected from the reception 
area in the Computer Center. Unfortunately there is a lag of three to 
four days before this is produced, so the only copies available for 
immediate use are those generated on the screen copier. To rerun the 
program enter: 

or re-call IIFASTIt. 
viewed immediately by 
provided. 

-AGAIN 

Any files saved in the Quick-Look pool may be 
typing in '-QL' and following the instructions 
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5.6 Tree Diagrams for Interactive Labelling 

Rock Name: 

Metamorphic Grade: 

Bed Plane Dip: 

Planar Feature Dip: 

Linear Feature Plunge: 

1--21 

2--21 

15 
/ 

/ 
3--21--16--8 

\ 
\ 

17 

15 
/ 

/ 
4--30--21--16--8 

\ 
\ 

17 

15 
/ 

/ 
5--30--21--16--8 

\ 
\ 

17 

Bedding/Cleavage Lineation: 

15 
/ 

/ 
6--30--21--16--8 

\ 
\ 

17 
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Cleavage/Cleavage Lineation: 

/ 

\ 

"followed by" 

"choice of three" 

15 
/ 

/ 
7--30--30--21--16--8 

\ 
\ 

17 

Fig.12. The Box Numbering System used in the Tree Diagrams. 

When using a tree, such as Planar Fea~ure Dip, where an Age Choice 
is required, the box chosen defines the age of the penetrative strain 
marker. For example, choosing "PLANE" will give the orientation of 
the special planar feature defined in routine "DEFPLAN", and choosing 
"FOLD" will give the orientation of the inherent axial plane cleavage 



I I 
I i 
I 
l 
I 
I 
I 
I 
I 
$ 

I l 
I 
·.1 1 I 

I I 
I I 
I I 
I I . 

I., ~ 
I , 
I : I 
~ 1 

II' ill 

I 
I 

I 
I ·1 I 
I 
I 
I ~ I I ~ 

I j 
I 
I J 
I 
II 1 
l 

- 43 -

associated with the folding event chosen. Fig.I. Gives a full list 
of all the inherent planar and linear features which may be used. 

5.7 Correcting Input Errors 

It is notoriously difficult to use other people's packages, 
especially when there is a lot of interactive data input. For this 
reason it has been made relatively easy to correct input errors. 
During all stages of keyboard interaction the program will only accept 
the correct answers to verbal questions, such as "YES " or IINO'I, any 
other input resulting in a restatement of the question. When 
numerical data is wanted such as the dip of a plane, only numerical 
answers will be accepted, any other resonse, such as +*%(" or seven, 
will result in the response of "ERROR IN INPUT LINE, PLEASE RETYPE". 
Incomplete numerical input, for example only giving two numbers for a 
coordinate set, results in another question mark, and the remaining 
data should then be typed in. Unfortunately the latter two errors 
result in a computer system response, so that the retyped line is 
overprinted by the next question. Numbers may be either integer or 
decimal, and lists of numbers need only be seperated by commas. With 
some deformation parameters, it may be possible to enter completely 
meaningless values, and where these would result in a program failure, 
such as having a fold with a wavelength of zero, you are returned to 
the start of the definition cycle. Negative wavelengths, in contrast, 
are admissable, as these simply reverse the waveform. 

Within a particular cycle of questions, such as a set which 
defines stratigraphy or a deformation event, it is possible to restart 
the cycle by inputing a carriage return without first typing in any 
data, this is useful both when you change your mind and when a 
question is overwritten by an error message. At the end of each cycle 
of definition during the generation of the geological history, it is 
possible to retrace any number of events. 

In the third phase of the program, when using the cross wires it 
is possible to abort from anyone cycle simply by choosing an 
intersection outside any of the valid box choices. Orientation data 
is initially displayed only as a point on the Test Plot stereogram, 
and only if the point is accepted by choosing the Accept box, or the 
New Symbol box, does the program display the mapping symbol and the 
point become stored for replotting on the stereograms which are 
dispalayed after the "END" option is chosen. 
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Chapter 6 Conclusions 

For a package of this kind conclusions should only really be drawn 
after it has been put to use. Nevertheless it has been shown to 
supply sufficiently varied structures that there is not a strong sense 
of artificiallity, which might have been present using such idealised 
deformations. Given the simplicity of the the deformation models, and 
the complexity of the resulting geology, it is not surprising that the 
interpretation of real structures is so open to discusion. Although 
it would not have been a problem to have included more sophisticated 
deformation models, the package is not presented as a model of the 
real world, and a package which was designed to do this would have to 
be so much more complex that it would become cumbersome to use it 
simply to generate teaching maps. 



I 
I 

] 

I 

[ 

I 

J 

J 

- 45 -

I would like to thank Erica for making the thesis 
Frank for making the program work and Rob for putting 
all three of us. 

i 
J 

'I :: 
work, 

f up with 

II 

'I 

II 
I 

I. 
I' 
li 

.1 
I 

d 
I 

I 

II 

I, 

I 



·1 '. 
I' 
[I 

I, 

- 46 -

Appendix I References 

ACM.,1978. Algorithm 531: GCONTR, (W.V.Snyder). 

Atkinson,K.E., 1978. An Introduction to Numerical Analysis. 
Wiley. 568pp. 

Biot,M.A., 1965. Mechanics of Incremental Deformation. 
Wiley, 540pp. 

Davis,J.C., and M.J.McCullagh, 1975. Display and Analysis of 
Spatial Data. Wiley. 

Huddleston,P.J.,1969. The Morphology and Development of Folds. 
D.I.C. Thesis, University of London. 

ICCC Bulletin 4.11/1 The ICCC Common Plotting Library 

ICCC Bulletin 5.1/1 The NAG Library at Imperial College 

ICCC Bulletin 6.3/6 Simple, (R. Raby) 

Ramsay,J.G. 1967. Folding and Fracturing of Rocks. 
McGraw-Hill. 

Ramsay,J.G., 1980 Shear Zone Geometry: A Review. 
Journal of Structural Geology, Vol. 2, 83-99. 

Rogers,D.F. and J.A.Adams, 1976. Mathematical Elements for 
Computer Graphics. McGraw-Hill. 



) 

J 

J 

Appendix II Example Program Run 

FOR THE 'ASE STR"+TtCR"-",Hn 
HOU IIAHV LAYE~ AoR[ THERE 11'1 THE 
STR~nCRAPH'" (lI'iCLUDIHC TOP AKO 
tOTT(\I'\ LAVER!'. NOT f'WR'[ rHAit 1& '1 
1'tOI.I. 5TAATlItG IoIlTH THE HI CHEST ItO 
llI'IlT. IIiPUT THE ROCK HAilE AFTER 

~H£ J;~~~~;~~D ,J~l~~GHt 
SECOND PROI'IPT 
ROCK /'tME ? SST. 
COI'IT4CT HEl~ '1 S15 
II'OCIC tiN![ '1 "ARL 
cONTACT H(IC)lf ? 54' 
ItOCK HME '1 58/1LE 
CONTACT IiEICHT '1 5.i!4 
ROC" NM£ ? lIIIESTOHE 
CONTACT H[ltHT '1 464 
IIOCIC tlAf'lE ? M5tOtl[ 
CONTACT HEIGHT '1 4K 
ROCK HAM '1 SILTSTONE 
COltTACT HEIGHT '1 36& 
/lOCI( tIMIE '1 lOHE C 
tOHT/lCT HEIGHT '1 322 
ROCK NAI"IE '1 ZOttE J 
COHTACT H[ICHT '1 est 
ROCI( 1tM£ '1 ZOHE A 
COfoITIrCT HEICHT ? ISIS 
ItOCa: HIH'IE '1 JIJIASSlC 
CONTAct HElIOHT '1 1-4_ 
ItCCIC HNI£ '1 PEIItIIIII 
COHTACT HEICHT '1 !Ii" 
llfIIT" rtoRE ~ Tlf£ lAST ICIGHf. 
ItOCIC ~ '1 PERI'IIAlt 
eOJfTACT HEICHT '1" . 
ROell: ttAPI£ '1 eM'. LST. 
COHTI'ICT HEIGHT '1 4S 
ItOC!C HAIlE? LlJ\ttUlRl'l 
COtt1'IrCT HtIIlIfT '1 -5t 
I'IOW FINAllY CIVE THE twtE or T1C 
.-cae fV1>E ? SAXOf'tIOH[ 

THIS Po'IQ( LISTS TH[ PO$SIILE Q[OLOCJCt'IIL [\1(1'11' CODES 
Cll't 11tVE1tT1:D COI'IM,I. linD o.lU£. A IItIEf" DUCItIPTIOI't 01' THEI. MNtJr.Q. 

·CHlVII'OI'I •••••••• I"JIOQItM Df,IQI'I[D CH(""'on 'H("It FOLI) 
·.IIt1: ' •• , ••••••. ~ltOC$lA" DUIG.hI:O SINUSOIDAL SHIEM fOLD 

:~~~~ :::::'::: :::~~~~!~[~~~:Df~~~~~%!t( '"t(ltML 'UCKU:S 
'KltII( ••••••••••• PROGRM DESICN.[O KINK INtOS 
·LOFTt·O ••••••••• lOFTED SUltFACE fOLD OESC.III,.TIOtt 
·,.LNi(· •••••••••• USE.II DlFII'I(D P(f'I(T.IIATlVE ~LNWI: 'EIllTUIt[ 
"lIllT ·'IIIULT ..... ~ROQR"'" OUIGN[O HIIIT 'LNtotIIt fMlLT 
·FillULT· .......... DIClITI5ID ,IIIUU'TlllIt£ 
'lVC ••••••••••• P!tOGltA" O£SICrt(O Pl ...... M UttCOWOttflITV 
·.VJlu·O ••••••••• DI(;.ITIUO .UltI(O T(}POO __ 
"-1 ' •••••••••• 0IQITlS(O SM(1Wt zort( nYl[ 
'!OfilllL· •••••••••• PiItOGlIl\II O£SIGI'I£O SH[M ZOIC 
'OVK[ '. , •••••••• Pl"hl'lt ICoI1[OUS '00'1' 
,,.LUG ••••••••••• DIQITJSEO ICiN[OU$ '00'1' PW'I 
·.II0flllT·E ••••••••• HOIWCi[N[OUS 1I0TilllTION 
'PUR! ••••••••••• 1fO~GEN[OUS PURE SHEM 
'$JI'IPL 0[ ••••••••• HOIIOC[N[OUS SUIPl[ SN(Nt 
'LUtE ••••••••••• US£R DE'II'IED P(h£TItIllTIVE LltIEM F[AT1JII:[ 
'HELP • ..... 0 .... R£OISPLAyS TIiIS PAQ[ 
'[NO ••••••••••• [NO OF C[OLOGJCIIL HISTOItY 
·5TM1· •••••••••• ~ .llOUTJrtE [HI'I.LItIQ vn", Of" wtIllFOAfI[O 5TIIIIITIII 

tQI !tUIIISE ~ II LAJEL fltOlt nus LIST? plJttH( 

IIMT IS THE DIP AHD DIP OIR£CTlOH OF Ttl[ plA/'£ ., 7S.3e 

DO YOU I.IAttT III VIEW OF TH[ 
STltATlCRAPHIC COlUfltt 
I'VES' OR 'HQ" ? NO 
DO YOU WIffr III .Lotl( DIfICII!AIt OF 
THE CEOlOOV -"0 DATE ., 
('YES' 011 'ttO')? YES 

""","C,C7",,,,,,-,C7,C,,,,,,""",,,,,,,,,,,,,C7,,,~' If 
,<" < < < < <, < < < <. < <. < <' <" ,<"" c",','.,',"'" <, "t,. <,' <" <,.,. <", <", "<".,,, < <" <" ••• ,',., 

, , , • , f , < , , , c , •• , < < • < , • , , 

I, " r>, ", 
.','. ' 

'< <"" <"."", <" <" <, <,. c,', <"."., <,., <," < 
".". < <.,. <"" <., <, <., ','!!!;,',';,'!;!;,'!,'J!,','!,';, 
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UH".T IS THE DJP AND DJP DIP£CTlOH OF' THf. 
, PlANE OF' UHCOJirOlHtltv '1 i!e.J1S 
i 'tEllS! Gil'E THE !)ft. VIZ' CO~DINATES Of Ott( 

I 

POINT (lH THE UI'ICorwO "lTV? •• 2St,S'. 
MO\.I rlAN\' LAVERS ME THERE IN THE 
STRATICRAPHV IIttClUDIt+G TOP AltO 
lOTTO" lAVE~. l'tOT /WIlE THAtt 16 ? • 

ngy+ SI~ll1¥Jl~~~C::f1R A~ 
! ~HE T~A~~U~:08"~tAC~D J~fR '~GHT 
: SECOtID PROIV'T 
; ROCK HAP!( ? ROSE JED 

COI'iTACT HEIGHT? 66t 
: Ii'OtIC ttAf'IE ? IIATER )ED 

COl'ITACT, HEICHT ? sa. 
ROCK MAPlE ? flED JED 
CONTACT HEICNT ? see 
ROCIC HAM; ? AD UNDIiIA.D 
CONTACT HEIGHT? <1st 
ROCI( HA!'IE ? ROilED 
COI'4TACT HEIGHT? <tile 
ROCK HAIlE? RItlED 
COHTACT HEIGHT? JS! 
ROCK tWIt ? lIunEl! 

: COtiTACT HEIGHT? 2 .. , 
'til» FIKALLY GlUE 1lI£ tIAI'I[ Of' 1M£ lomEST 
; ItOCIC T't'PE ? au: GEE 

............... ............. . ......... ,. . :.: ....... :.:.: ,':', :, 

:~ 

. . . . ..., 
': '. '. ,',' " . 

.':" ,' ..... ,': 

, 
\.Iff:IT IS THE PlUJiGE AttD PLUtt!l[ DIR£CTIOtt' 
OF' THE AOTAnOIt AXIS? le.3'. 

.. 

:u o~t~ol~T T~ ~E 'I' A~~S C~O:~1~TES 
FINALLY IhPUT THE MOUHT OF ANTl-ClOCIC~ISE 
ROTATIOH LOOICII'IC J>OWI TtoW: A)(JS "1 17 
DO YOU WAHT II VIEW OF THE 
STRl'ITIGRAPHIC COlUl'lH 
('YES' 0$1 'HO'} "1 HO 
DO YOU YAHT II noclC DrACRM Of 
1'H[ GEOlOCV TO DATE "1 
('YES' OR "~HO') "1 

II!' 

, . , 

~~,~>~ .. ~ ... -.... -... -... ~,,~-.-.. -.,'-,,~,'~ 
.. "" ,.' .. , " " .. " , .. " .. " , ."" .... , , "" .... , . " .. ,", , .. .. 
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~T IS THE DIP AttD [lIP DIR[CTlort 

"~~~DE~::I~, ~~c60:~.~TES 
'OF TI4E LOCAL PLUG ORIIHH ? 7~L"""'" 

I DO VOU UAHT A CYLINDRICAL, COllIE 
SHAPED OR PARA~LA SHAPED ,lUG 
'CVl' 'CONE' Of! 'PAAA' ? eYL 

I 
WHfIIT ~ADIU$ ptuG DO YOU I.WtT ? Sf .n .. -, 
"" eo", 

"'" 0." .. , .... 
: FROI'I TN[ AIM LIST UHJCH l)(SICIt 

I 

DO YOU IHII'fT "1 CHEVR 
pLEASE TYPE 1M THE tME OF THE PLUG IiOCI( 
HOT !tORE TNNt TEH lETTEItS ? ROCKITE 

I IS TH(R£ A "ETMORPMIC AtJREOU: AROUItD 
THIS IHTRUSIOH «'V£S' OR 'ttO') ., YES 
lit TI-I£ FOlLOI,/ll'tG QUESTIONS 
ITftIIITIGRAPHV REFEIIS TO I'IETMORPHIC 
ITIHITIQRAPHV ANO CONTACT HEIGHT 
lIEFER' TO DISTI'IHC[ FRO" lct1[OiJS COfrI1tCT 
HoY I\AHV LAVERS ARE THEM 1" THE: 
STRI'ITIGIIN'HV tlNCLUDItfG TOP NtD 
JOTTOIt LjIIYERS, HOT !'lORE 11WI IS "1 I 
""'I STARTlI'tG IoIITH THE MIettEST ROCK 
LtlI INPUT THE ROCK twtE oVT£Jt 
TIi£ fIRST PRO~r.L IIItD TMt HEIGtfT 
Ie~ ~ IOQf'tI ACT AFTER THE 
IIOCK ttNl[ "1 Ult-PI£T 
COHTACT HEIGHT ., ~ 

!iIIOclC I'IME ., nOTln 
COtiTACT HEICHT ? 3i!S 

: ItOCIC NAIl{ ? loIAIIl'ItR 
:COHTACT HEJQHT ., ass 
,ROCtc "111M ? I(YIlltJTE 
CONTACT I4£IGHT ? 215 
"lOCI( liME "1 FElSITIC 
COttTfll.CT H[IOHT ., 7G 

=,t~~L; ~~ ~ 11M[ OF THE LOWEST , 
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