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Introduction  
Unfold and Unwrinkle are Gemcom tools to aid grade modeling in deposits that are geological folded and/or 
faulted. These deposits often present unique challenges to the modeler because the actual location of the 
data points often does not reflect their true spatial relationship. Particularly in the case of layered deposits, 
variographic analyses of spatial continuity and the various block estimation methods based on weighted 
distance interpolation, such as kriging or inverse distance, assume that the location of the relevant sample 
data reflects the mineralizing or depositional process. The distortion of this relationship introduced by folding 
and/or faulting could be addressed by the definition of several block model domains, each reflecting the local 
geometry of sections of the deposit, but this approach commonly leads to a less than cohesive grade model, 
with obvious discontinuities at the domain boundaries. The Unfold and Unwrinkle tools provide an elegant 
alternative by ‘flattening’ or ‘unfolding’ the deposit and data into a second, regular space in which the correct 
spatial relationship is maintained. Following variography and grade modeling in this second space with the 
transformed data, the resultant grade model information can then be back transformed into the original 
space, typically by assigning back transformed block grades (centroids) to a second block model constructed 
in this space.  

Unwrinkle 
As suggested by the name, the Unwrinkle tool is designed to handle deposits in which the folding or faulting 
is relatively gentle – it should be noted, however, that it will not handle reverse faults. The space to be 
unwrinkled can be represented by triangulated surfaces and/or solids, and it is relative to these that the 
fundamental concept of the midpoint is developed.  

For any point P = (PX, PY, PZ) in the original data space, the program looks directly above and below P for 
intersections with loaded surfaces and solids. That is, it looks for intersections Q = (QX, QY, QZ) in the 
surfaces/solids such that QX = PX, QY = PY and Q is in a surface or solid. It is possible that no such points 
will be found, or 1, or 2 or more points will be found. It is also possible that all the points found will be above 
P, or all below, or any combination of above and below. If it finds exactly 2 points in this manner, then an 
associated midpoint may be calculated for the point P. The midpoint is midway between the 2 Q-points, i.e. 
midway between the 2 intersections. 

 

 
 Figure 1: A cross section of 4 data points and 2 surfaces. The data points are shown as �, with their 
associated midpoints shown as ◊. The thickness is shown at each point by a double-headed arrow.  

Conceptually, the next step in unwrinkling is the treatment of the midpoints – these are only an intermediate 
temporary construct. A level is then selected to which all midpoints will be moved - by moving the midpoints 
to a constant level, the space associated with the 2 surfaces is being unwrinkled, or flattened/straightened 
out. The translation of midpoints to the specified level is strictly vertical. Although this explanation is with 
respect to a horizontal plane it should be noted that unwrinkling operates with respect to any specified plane. 
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With reference to Figure 1 it can be seen that the thickness, or distance between the two intersections, is 
also calculated and there are two approaches for handling the thickness.  

In the Variable Thickness case, the thickness is preserved, and its value will normally change with location. 
In the Constant Thickness case, the thickness may be stretched to a uniform, user-specified value. The 
handling of the midpoint and the thickness determines the transformation for the data point, and an 
associated new point will be created. The new point will be vertically above or below the data point and will 
be offset from the specified level by an amount determined by its offset from its midpoint and the treatment 
of the thickness.  

In the Variable thickness case, the position of the data point relative to its associated midpoint, and the 
position of the data point relative to both surfaces will be preserved. If the data point is 2 feet down from the 
top surface, and at this point the thickness is 14 feet, then the transformed point will be 5 feet above the 
specified level.  

In the Constant, or uniform, thickness case, the fractional position of the data point relative to its associated 
midpoint and the fractional position of the data point relative to both surfaces will be preserved. If the data 
point is 10% of the thickness up from the lower surface, then the transformed point will be 40% of the 
specified thickness down from the specified level.  

Unwrinkling can utilize 2 surfaces, a solid, or any number or combination of surfaces and solids. At each 
point to be transformed, an infinite ray is generated in the appropriate direction to intersect all the surfaces 
and solids which have been loaded. If the ray intersects 0 triangles, or more than 2 triangles, the point will 
not be transformed. If the ray intersects 2 triangles the program will unwrinkle the point, except when the 
intersections coincide, and the user has chosen a uniform unwrinkled thickness, in which case no 
transformation is possible. If the ray intersects 1 triangle, and variable thickness unwrinkling has been 
chosen, and the user permits single-surface transformations, the point will be transformed. These cases of 
the forward transformation apply also to the back transformation. As mentioned, unwrinkling can also handle 
faults with the exception of reverse faults, since this would generate more than 2 triangle intersections.  

The steps involved in the unwrinkle process are then as follow:  

• Create a solid, or 2 surfaces, defining the deposit.  

• Create the unwrinkling transformation  

• Load sample, e.g. drillhole, points  

• Transform [unwrinkle] the sample points to the unwrinkled space.  

• Save the unwrinkled points.  

• Using kriging, create a fairly fine block model from the unwrinkled points.  

• Export unwrinkled block model center points to an extraction file.  

• Load points from the unwrinkled block model  

• Transform the unwrinkled block model back to the original space.  

• Save the back-transformed points and unload the transformation  

• Create the final block model using kriging (small range and isotropic search radius), or ‘update block 
model from points’.  
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The process is illustrated below with reference to a deposit consisting of a buried, undulating blanket of 
mineralized material that has also undergone some post-depositional faulting. Figure 2 shows a 3D 
perspective view of the sample data (extracted from drillhole tables), and the surface constructed from the 
top of the mineralized intersects. This surface was generated by the Laplace method, in conjunction with 
polylines defining the location of several splayed vertical faults. Also shown are the transformed mid-points 
of the intersections, which have been moved to a nominal level below the original space. 

 
Figure 2: Top Surface of mineralized layer and Transformed Points. 

Note that only the top surface is shown here for clarity. The unwrinkling options used in this example were 2 
surfaces, and the Variable thickness case.  

Figure 3 shows the extracted block centroids from a relatively fine block model constructed with the 
unwrinkled points, following variography utilizing the same points. It also shows the block centroids back-
transformed into the original, actual, space, along with the polylines that defined the fault boundaries when 
constructing the top and bottom surfaces. Notice the continuity of modeled grades across fault offsets.  

 
Figure 3: Block Model Centroids in Unwrinkled and Original Space. 
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As outlined above, the final step at this point would be the construction of a block model in framework in 
original space and the allocation of the back transformed block centroids by kriging/nearest-neighbor 
methods, or block model update from points.  

Unfold  
Whereas Unwrinkle was developed to handle relatively gentle undulations and faulting, Unfold is designed 
for cases where the folding is severe, including overlapped folds and reverse faults. The basic principle of 
transforming the data into a second space in which the spatial relationships are honored for analysis and 
interpolation is the same, but unfolding requires the space to be unfolded to be in a very specific type of 
wireframe.  

The Gemcom approach to unfolding is based on the concept of slabs – a slab being a region of space that is 
topologically equivalent to a cube. The edges are polylines and may have more that two points and are, 
therefore, not necessarily straight from end to end. Each face is defined by four polylines on its perimeter 
and the nominally vertical edges of the slab may also have more than two points. The geological feature of 
interest, e.g. a folded and/or faulted vein or seam is broken down into a collection of adjacent slabs, the only 
proviso being that any two adjacent slabs must share an entire common face. Figure 4 shows a collection of 
nine slabs describing a folded unit with a crosscutting fault. In this case, the main edge polylines are derived 
from sectional interpretations of the syncline structure. 

 
Figure 4: 3D View of Slabs for Unfolding. 

As shown in Figure 4, the algorithm highlights three of the edge polylines of a representative slab that are 
nominally orthogonal and allows them to be associated with X, Y and Z axes of the unfolded space. All of the 
polylines are then categorized into three sets of lines corresponding to these unfolded axes. The unfolded 
slabs are displayed below the original polylines, and the unfolded lines will be aligned approximately to the 
X. Y, and Z axes. The average length of each of the sets is calculated and a nominal graticule size, or 
spacing, is entered. The unfolding transformation includes two graticules – one for the folded region and one 
for the unfolded region. The points in the two graticules have an exact 1:1 correspondence, which provides 
for a check that the transformation will be reasonable. If any graticule cells are highly skewed, for example, 
the folded region can be subdivided into smaller slabs. In addition, the interior vertices can be allowed to 
slide on the various sets of lines in order to minimize distortion. 

The graticule points are samples of the transformation, and are connected by straight lines to make the 
visualization easier. It should be noted that the graticules are an approximation of the transformation, and 
not the actual transformation – when using coarse graticules some of the polyline vertices may appear to be 
skipped by the graticule lines, but the actual transformation includes all of the vertices. Figure 5 shows the 
result of a transformation in which slab vertices interior to the entire region have been allowed to slide on two 
of the axes (X and Y). In this case, the central area of the fault unfolds to a local width which is greater than 
its neighbors. 
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Figure 6 shows the result of allowing sliding to occur on the X axis only – the central area of the fault now 
unfolds to a width that is uniform for that stratum. Various combinations of the sliding axes may need to be 
experimented with, particularly in cases with a fault, where the polyline lengths along the two sides of the 
fault are different. In this case, an excessive number of permissions will allow the fault faces to move with 
respect to one another, resulting in ambiguous point transformations. 

 

Figure 5: Transformation with Axes Sliding on 2 Axes (X and Y). 

 

Figure 6: Transformation with Sliding on One Axis (X). 
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As with Unwrinkle, the general procedure for creating a block model of a folded and/or faulted deposit using 
this process is as follows:  

• Creation of polylines defining the deposit, i.e. definition of slabs.  

• Creation of the unfolding transformation.  

• Sample data points loaded into memory.  

• Sample data points transformed (unfolded) into the unfolded space.  

• Unfolded points saved and the transformation unloaded.  

• Variography performed on unfolded sample data.  

• Block model interpolated using unfolded points – referred to as the unfolded block model.  

• Block model center points back-transformed into original space.  

• Final block model created in original space – back-transformed center point grades assigned to 
matching coordinates by interpolation or model update from points.  

 

The process is illustrated in the example below – the orebody starts with relatively little folding, changing to 
quite a steep fold that varies in thickness from 15 m to over 60 m. The entire folded section is cut by a 
steeply dipping normal fault. The slab polylines were created on six sections (looking North) at 50 m spacing. 
Simulated drillholes intersect the orebody at 30 m intervals (West to East) on each section, with five samples 
per intersection. The simulated grades are highest in the middle of the deposit, with lower grades occurring 
near the edges. The initial modeling is shown in Figure 7, consisting of ten ‘slabs’, each with 12 identifying 
polylines. Also shown is the original and transformed data. 

 
Figure 7: Slab Modeling and Transformation. 

The advantages of unfolding in this situation are illustrated in Figures 8 and 9, which show one of the vertical 
sections used in slab construction, on which a large fault displacement is evident. No transformation was 
used prior to block modeling in Figure 8, and the effects of poor sample distribution and geometry are 
obvious. Although the judicious use of several domains would arguably have improved this situation, the 
problem with inadequate sample density and boundary discontinuities would still limit this solution, aside 
from the sometimes considerable effort to define domains and the numerous associated kriging profiles. 
Figure 9 on the other hand, illustrates the advantageous use of transformation, in which the block model 
grade distribution is far more consistent with the simulated grade configuration. 
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Figure 8: Vertical Section – Block Modeling with No Transformation. 

 

Figure 9: Vertical Section – Block Modeling with Transformation. 

Slabs can be constructed in any orientation to represent a particular deposit. The following figures illustrate 
the application to a deposit consisting of concentric mineralized zones, e.g. a ring carbonatite. Without 
unfolding, this configuration presents a formidable problem to accurate analysis and grade modeling. The 
slab polylines of Figure 10 represent one of a series of plan slices through the deposit, and consist of a 
series of end-to-end slabs with common faces, making up the lineal extent of the roughly circular geometry 
of the slice. The number of slab elements and their lengths are chosen to minimize the graticule distortion in 
original space. Also shown is the unfolded space, in which the true continuity of the sample data is 
preserved in a configuration far more amenable to accurate interpolation. 
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Figure 10: Original and Unfolded Slabs and Data – 3D perspective View. 

 
Figure 11: Block Model in Unfolded Space – Plan View. 

This unfolded configuration is illustrated in Figure 11, showing the construction of a fairly fine grade block 
model in a section of the unfolded space, in which the actual concentric grade continuity is catered for and is 
well reflected in the model results. 
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Figure 12 illustrates the results of back transforming the grade model block centroids into original space in 
the same section of the deposit as above, prior to assignation to a final block model in original space. 

 
Figure 12: Plan View of Back Transformed Block Centroids. 

Conclusion  
Folded and/or faulted deposits present special challenges in terms of ensuring that the correct spatial 
relationship between samples is maintained in the process of structural analysis and estimation. Unfolding 
and unwrinkling algorithms such as the ones described provide valuable tools to ‘iron out’ and correct the 
geometry, thus ensuring the creation of more representative and accurate grade estimates in these 
situations. 
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