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ABSTRACT 
 
3D modelling is an important step toward better understanding of the current and past geology in the 
Central Skellefte District. The study of the geometry of the sedimentary Vargfors basin and its contact 
with the underlying Skellefte Group rocks may lead to further understanding of the geological events 
that affected the whole Skellefte district, and to new strategy for ore deposit exploration. A 3D 
geometric model of well understood fault-bound compartments of the Vargfors basin has been built in 
the geo-modelling software gOcad using geological map, structural measurements and geophysical 
data as a starting point. The plugin Sparse has proved to be an efficient and intuitive tool to model 
surfaces where there are few or heterogeneously distributed data. The 3D model gives an intuitive 
view of the interpreted geology at depth. Moreover, a plausible scenario of structural evolution is 
proposed using 2D forward and backward modelling using the restoration software MOVE. However, 
the lack of stratigraphical markers and correlation between the footwall and the hangingwall does not 
allow a quantitative restoration whereby important geometric parameters of the basin can not be 
constrained by this method.  
 
Keywords : 3D modelling, restoration, Central Skellefte district, Vargfors Group, Skellefte Group, 
contact, gOcad, MOVE 
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 1  Introduction 
The 120x30 km Skellefte mining district 

hosts several VMS deposits, some of them of 
economic importance. This area is one of the 
most important and promising mining district 
in Europe with active prospecting carried out 
by several companies, and the presence of three 
active mines producing Cu and Zn as main 
products from VMS deposits and gold from 
one lode deposit. The location and shape of the 
ore bodies are largely structurally controlled as 
they show intimate relationship with faults at 
different scales. Consequently, it is very 
important to understand the different styles of 
deformation present in the Skellefte district and 
to have a 3D model for exploration purpose, 
especially for blind mineralisation. 

 
Modelling software such as gOcad developed 
by Paradigm is very powerful to visualize the 
geometry of geological features such as folds, 
faults and foliations. It allows a better 
understanding and then a better communication 
of the results from geological studies. The 
Move software from Midland Valley is used to 
restore structural models in two or three 
dimensions and to trace the geological events 
that led to the current structures. 
 
The aim of this study is to build a 3D model 
and propose a restoration of a part of the 
Vargfors Basin. This study has also been an 
opportunity to give an first evaluation of the 
use of gOcacd and Move software  in the 
context of the Skellefte district. 

 

 2  Geology 

 2.1  Geological overview 
The central Skellefte District (CSD, Figure 

2-1) is bordered to the north by the Jörn 
Granitoid complex and the Gallejaur intrusion 
and to the south by the metasedimentary rocks 
and granitoids of the Botnian basin (Kathol & 
Weihed, 2005) Detailed volcanological studies 
have been carried out in the southern part of the 
CSD, mainly in the Holmtjärn, and Maurliden 
areas (Allen et al., 1996). An attempt to give 
generalized stratigraphic columns has been 
made by Allen et al. (1996), followed by 
Montelius (2005). However, further 
understanding of the structural geology of the 
CSDtends to consistently modify the 
understanding of the stratigraphic columns 
(Bauer et al. in prep). 

 
The Skellefte district supracrustal rocks are 
subdivided into two groups: the Skellefte group 
composed of felsic volcanic rocks, and the 
overlying Vargfors Group comprising 
sedimentary rocks derived from variable 
lithological sources (Allen et al., 1996). At a 
smaller scale, the stratigraphy is poorly defined 
because of its extreme vertical and lateral 
variability (Lundberg, 1980; Weihed et al.,  
1992; Allen et al., 1996). 
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Figure 2-1 Geological map of the Central Skellefte district. Modified from Bauer et al., (2009). 

 
The Skellefte Group encompasses calc-alcaline 
and tholeiitic metavolcanic rocks and silicic 
volcaniclastic rocks. Geochronology studies 
give an age of 1.9-1.87 Ga for the volcanic 
rocks (Billström & Weihed, 1996) which are 
composed of rhyolitic metavolcanic rocks with 
local occurrence of basalts, andesites and 
dacites. Intercalated sedimentary rocks such as 
mudstones, sandstones and breccia-
conglomerates have been reported (Vivallo & 
Claesson 1987). The basement of the Skellefte 
Group is unexposed and remains an important 
issue for the understanding of the Skellefte 
district stratigraphy. 
 

The Vargfors Group overlies the Skellefte 
Group. The contact between the two units is 
thought to be of prime importance because it is 
linked with most mineralizations in the 
Skellefte district. It occurs in different forms, 
being conformable to disconformable to faulted 
(Allen et al., 1996; Bauer et al., 2009).  The 
Vargfors Group comprises clastic rocks with a 
wide range of grain sizes, from argillites to 
conglomerates. The sedimentary rocks have 
been indirectly dated using zircon in an 
ignimbrite occurring within the sedimentary 
succession. Billström & Weihed (1996) give an 
age of 1875±4Ma and Bergström et al. (2001) 
an age of 1872±5Ma, which both are ~10Ma 
younger than the volcanic rocks of the Skellefte 

Location of the longsection (figure 1-4) 
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Group rocks. Primary structures and even the 
sedimentary textures have been well conserved 
through times (Kathol & Weihed, 2005).  

 
Based on regional geology, volcanic facies, 
structures and geochemical data, different 
tectonic settings for the formation of the 
Skellefte district have been proposed, all 
related to a felsic volcanic source of magma 
and a subaqueous volcanic environment. 
Recent studies uphold the hypothesis of an 
extensional arc formed on immature 
continental arc crust (Wilson et al., 1987, Allen 
et al., 1996, Montelius, 2005).  
 
A submarine domain of formation is inferred 
by the presence of pyritic blackshales, normal 
graded turbidite deposits, pillow lava and 
massive sulphide deposits. A below wave base 
setting for the deposition of a large part of the 
Skellefte rocks has been proposed (Allen et al. 
1996). However, the presence of polymictic 
conglomerates, coarse grained sandstone and 
erosion surfaces also provide evidence of 
shallow water to terrestrial setting (Allen et al., 
1996). Thus, a paleogeography with several 
volcanic islands surrounded by deep marine 
areas is highly probable. 
 
Svecokarelian deformation and regional 
metamorphism affected the Central Skellefte 
district between 1.85 and 1.80 Ga (Bergman  
Weihed, 2001). Two major phases of 
deformation can be described (Bergman  
Weihed, 2001) : a first phase resulting on 
upright, tight folding with NW striking axial 
surfaces and early foliation in the CSD. The 
second phase produced more open, N to NE 
striking folds. A low grade metamorphism 
condition in the green schist facies with low 
pressure (~400°) and low pressure (<2kbar) has 
been determined for the Central Skellefte 
District from a metabasalt (Kathol & Weihed, 
2005). 

 

 2.2  Geology of the 
Vargfors basin 

 
The Vargfors basin trends NW-SE and is 

segmented into several fault-bound 
compartments by NE-SW and NW-SE oriented 
faults. Two of the compartments were selected 
to modelling purpose: the Holmtjärn 
compartment in NW and the Abbortjärn 
compartment in SE ( 

Figure 2-2). The compartment pattern is 
attributed to crustal extension. Consequently, 
the sedimentary and tectonic processes may 
have been different in the various 
compartments (Bauer et al, in prep). 

 
The basin may be characterized as a system of 
variably dipping half graben structures formed 
during a phase of extension, and gained its 
present geometry during the following basin 
inversion which caused reactivation of the 
early normal faults eventually leading to 
formation of a regional-scale syncline (Figure 
2-3).  
 
Different types of Vargfors Group / Skellefte 
Group contacts are observed: a faulted contact 
has been documented for the southern 
boundary of both compartments. The faults are 
associated with strongly foliated rocks showing 
downdip mineral lineations indicative of dip-
slip deformation. The northern boundary of the 
Abbortjärn compartment is a sedimentary 
contact, with conglomerates overlying the 
felsic rocks of the Skellefte Group. It is 
probably an unconformable contact with an 
erosion surface at the bottom of the 
conglomerate layer. The nature of the northern 
boundary of the Holmtjärn compartment is 
poorly constrained as no field or geophysical 
data from the area is available. However, a 
normal fault contact is inferred by the presence 
of sedimentary rocks on top of what is thought 
to be the floor of an ancient inverted basin at 
north (Figure 2-3).  
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Figure 2-2 Geological and structural map of the Holmtjärn compartment (left) and Abbortjärn compartmen t 
(right). Modified from Bauer et al, in prep. 

 

 
Figure 2-3 SW-NE cross section of the Holmtjärn compartment. See location on figure II-2. The shape of the faults 
at depth is uncertain. SZ : Shear Zone. 
 

 
Figure 2-4 Long section across the compartments IV, Holmtjärn and Abbortjärn compartment. It shows general 
plungment of the syncline toward SE. See location on Figure 2-1. 

Cross-section location (fig 1-3) 

Fold axis 

Inverted 
fault 

Skellefte 
Group rocks 

Vargfors 
Group rocks 

 Holmtjärn compartment 
 

Abbortjärn compartment 
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Metasedimentary rocks of variable grain size 
can be found in the Vargfors Group. The grains 
are mainly of volcanic composition (Kathol & 
Weihed, 2005) with occurrence of granitoid 
clasts in the north, consequently derived from 
the erosion of the Jörn Granitoid complex. 
 
Turbiditic sequences cause important changes 
of grain size over a distance of few meters, and 
are therefore usually mapped as a unique 
sedimentary unit. Well preserved graded 
bedding, cross bedding and load casts in the 
fine grained layers are common thus allowing 
to determine the way-up in the sedimentary 
sequence (Bauer et al., in prep). 
 
Monomictic conglomerate, with clasts coming 
from the Skellefte Group volcanic rocks, can 
form large sedimentary bodies which are easy 
to map. Other conglomerates are classified 
from petrological criteria such as a lime rich 
cement, or the sedimentary source of the 
volcanic clasts (Bauer et al.). 
 

 3  Modelling method 

 3.1  Data Input 
 
Imported fied data includes lithological 

study results and structural measurements: 
lineation, bedding, fold axes and stratigraphical 
way-up directions (Bauer & Skyttä, LTU; 
Figure 2-2). Interpretative cross sections from 
these studies are also used as guidelines for 
surface creating and editing geological surfaces 
in 3D. Other inputs are drillhole data (SGU and 
Boliden archives) and a resistivity profile (S. 
Tavakoli, LTU). 
 

The two compartments are described and 
modeled separately because of the difficulty to 

make clear correlation between the stratigraphy 
between the compartments. 
 
No horizon markers has been clearly identified 
and followed throughout the Vargsfors Group. 
Thus, the stratigraphy was constructed largely 
based on structural interpretations. For example, 
in the Abbortjärn compartment, the rhyolitic-
dacitic conglomerate layer has been subdivided 
in three layers in order to better illustrate the 
asymmetry of the fold rather than to reflect the 
actual stratigraphy.  

 
The cross sections (Figure 2-3, Figure 

2-4 Long section across the compartments IV, 
Holmtjärn and Abbortjärn compartment. It 
shows general plungment of the syncline 
toward SE.) are used as guide line to the first 
step of the modelling. 

 
Two drillcores drilled in the Vargfors Group 
rocks have been logged, two others are older 
cores which log has been reinterpreted from 
archives. 
  
A resistivity profile has been produced by 
Saman Tavakoli, LTU. Since the resistivity 
data give information from 25 m to 400m depth 
and they are a good complement to field data. 
The major information is that the normal fault 
is very steep to vertical in some places but 
seems to flatten radically at approximately 
400m depth. Although this information has a 
high uncertainty because of its location on a 
bottom corner of the profile, it will be used in 
this study since there is no other data at this 
depth. 
 
The profile could not be shown here due to 
copyright issues. 
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 3.2  3D Modelling with 
gOcad 

GOcad is a modelling software developed 
by Paradigm. In this study, the plugin Sparse, 
developed by Canadian geological survey and 
currently provided by Mira Geosciences, 
Canada, has also been used.  
 
Gocad is based on geometry. It is able to create 
georeferenced curves, surfaces and volumes 
that honour data point location. However, the 
user can also add non-data points automatically 
or interactively to constrain the geometry when 
needed. Thus, the model is the result of the 
geologist’s interpretation and at the same time 
remains consistent with objective data. 

Each outcrop is represented by a point in 
gOcad. This point has several properties linked 
to structural information such as bedding (S0) 
or foliation (S2) depending on the case. 
Structural data are visualized in gOcad with the 
help of the Sparse plug-in to create dip plane 
(yellow tablets in the screenshots below) 
showing the true 3D orientation of the 
measured structural properties, planar features 
as tablets and linear features such as lineation 
as vectors.  Orientation of the planes is 
computed using strike and dip properties. From 
these data alone, other data like the pole 
direction can be computed. The orientation and 
orientation distribution may also be visualised 
and analysed by stereographic projection tools 
provided in the Sparse plugin. 

 

 
Figure 3-1 Snapshots from gOcad explaining the steps of creating a surface from geological map  
 
The easiest and most intuitive method to build 
a surface using Sparse follows these steps:  
a) A map trace is digitized in gOcad based on 
geological map. Dip properties from nearby 
measurement points are transferred to the 

nodes of this curve. There are two possible 
method to compute the dip property: 

- the transferred dip property is the 
mean of the dip property of all the 
points within 100m. The radius of 

Final Surface 

Digitized curve 

Grip Frame 

Dip plane 

Map Trace 
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this research area is dependent on 
the density of the measurement and 
the variability of the measurement 
in space. For example, measurement 
points related to another geological 
structure or located on the opposite 
limb of a fold should not be taken 
into account. 

- The dip property is transferred from 
the closest measurement point. If no 
measurement point is present within 
a distance determined by the user, 
the nodes get a no-data value. This 
method should be preferred when 
the geometry of the curve is varying 
at small scale, i.e. less than 100m. 
However, some bugs in the software 
made it impossible to use since it 
was practically impossible to set a 
detection distance smaller than 
400m. 

 b) Dipping property is interpolated to all the 
nodes of the curve and a frame is created using 
the dipping property. The frame is a set of grip 
frames, each line being connected to a nod of 
the same backbone curve. The user can specify 
the length of the grip frame and the number of 
nodes along each grip frame lines. 
c) The frame is modified by the user until being 
satisfying. 
d) The final surface is created with help of the 
frame. The map trace can also be used to 
constrain the border of the surface. Any further 
change on the frame is directly applied to the 
surface, which makes it a very intuitive and 
powerful modelling tool. 
 
All the dip planes constraining the dipping of 
the structural surface are located at ground 
level. Therefore their direction is relevant only 
for the first segments of a grip frame. At depth, 
the grip frame geometry should be constrained 
by interpretative cross-section and geometric 
consistency of the surface rather than field 

measurements. The final shape of the surface 
(Figure 3-1 Snapshots from gOcad) reflects the 
interpretation of the field data, including the 
fold axis direction and dips of the structural 
surfaces. 
 
The second method consists of importing 
cross-sections, then digitalizing it using curves 
to finally create an interpolated surface that 
honours the cross-sections. For this, several 
topologically consistent cross-sections are 
needed. The process is iterative since, 
interpolating surface from cross-sections often 
shows the flaws in the geological interpretation 
or the drawing of the cross-section. The cross-
section and consequently the three dimensional 
surface are modified until being satisfying. 
 
Although these methods still honour existing 
data point, they are dependent of a preliminary 
interpretation and do not give true constraint on 
the geometry at depth. Unlike modelling 
methods using exclusively Discrete Smooth 
Interpolation (DSI) method, it is less based on 
theory about surface geometry but more based 
on geological assumptions. The actual aim of 
modelling with the Sparse plugin is to illustrate 
the interpretation of the geologist and to 
communicate its results.  
 

 3.3  Modelling with MOVE 
 
2D MOVE is mainly used to balance 

cross-sections. Several algorithms allow the 
user to fold/unfold and fault/unfault geological 
model in cross-sections in order to obtain what 
they looked like before the actual tectonic 
events, or after a set of deformation defined by 
the user. (Table 3-1) 
 
Restoration or backward modelling has two 
main goals: validation of the geometry in a 
cross section or a 3D model, and providing 
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information on the process of progressive 
deformation in the region. This information is 
very important since the formation of mineral 
deposits is largely dependant on the tectonic 
events. 
 
The strategy used in restoration is first to 
unfold and then move the strata backward 
along the fault to reach what is thought to be 
the original position of the sedimentary layers 
before the compressional tectonic events. The 
cross section is to be restored to a classical 
half-graben basin in this study case. This 
succession is plausible as recent suggestions on 
the basin inversion point toward initiation by 
reverse reactivation of normal fault, later 
followed by folding (Bauer et al., in prep). 
Eventual space conflicts created from 

misinterpretation or wrongly interpolated lines 
are solved. The part of the horizons which have 
been removed by erosion can be extrapolated 
from the geometry of the restored horizons.  
The last step is to fold and move the whole 
package by doing the previous steps backwards. 
Thus, a new and corrected cross section is 
obtained.  
 
Unlike restoration, forward modelling begins 
with the early stage of the basin evolution and 
goes on modelling each step of structural 
evolution toward the present geology. An issue 
is to find out valid geometric and kinematic 
parameters for the main feature controlling a 
large part of the basin model such as the 
bounding faults. 

  
Tool Function Comments, Limitations 

Line length 
unfolding 

Unfold the section without changing line length. The 
resultant unfolded line is perpendicular to a direction 
(illustrated by a pin) specified by the user. Best 
suited for parallel folds where the deformation 
occurs directly between bed interfaces. 

Bed thickness variation is not taken into account. 
The bed thickness after restoration is constant and 
equal to original bed thickness at pin location. 
Sensitive to slight changes in the pin position.  
The deformation is uniform along the line. 
Faulting during the deformation is not possible. 

Flexural slip 
unfolding 

Unfold lines without changing the orthogonal bed 
thickness between a template bed and the other 
passive objects.  
The template bed is unfolded to correspond to the 
shape of a target line, or flattened at a certain 
elevation. Its length and that of the passive objects 
which are parallel to it are maintained.  
The other passive objects are deformed to maintain 
the areas between the lines 
A pin sets the points where there is no inter-bed 
movement.  

Efficient when unfolding to a horizontal position, 
it shows its limits when folding to a subjective 
position. It is possible to fold curves with no 
consideration for the constraints underlying the 
process of folding. The target line to which the 
template line is folded can have any shape. 
 
 

Move on 
fault, simple 
shear 

When the hanging wall block moves along the fault, 
it is deformed to fit the fault geometry using simple 
shear model of deformation. The hanging wall is 
folded maintaining the bed area. Useful in 
extensional system such as half graben where the 
normal fault is not a plane. May be used in forward 
modelling of inverted basin. 

The simple shear algorithm is useful only to 
restore inverted basin. Yamada&McClay  had 
shown that simple shear method  is well suited in 
inverted basin restoration. They proposed a shear 
angle of 32° from verticality.  

Fault bend 
fold 

Similar to the simple shear algorithm but more 
adapted to compressional context, where flat-ramp-
flat structures are developed. If existing, these 
structures have been eroded in the Central Skellefte 
District. 

This tool does not work well when complex fault 
geometry and extensional movement are involved. 
The normal faults of the Vargfors basin are too 
steep, and errors  such as cross-cutting lines often 
appear. It works well in compression. 

Detachment 
Fold 

The layers are deformed in a fault driven fold. A 
detachment surface has to be set to anchor the fault 
and several parameters enable the user to control the 
direction and the symmetry of the fold. 

As the combination between folding and faulting, 
this tool could have been perfect if it was not 
strictly limited to movement on a horizontal 
detachment surface.  

Table 3-1 Commented list of the available algorithm used in 2D restoration 
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The main application of the MOVE 3D module 
has been to check that the geometry of the 
hanging wall is consistent with that of the 
listric normal fault assuming simple shear 
deformation of the hanging wall.  
 
The surfaces are directly imported from gOcad 
to Move. The simple shear movement on fault 
tool or the fault-bend fold tool (Egan, et al., 
1998) can be used to deform a horizontal 
surface, which represent a sedimentary layer 
after sedimentation, by cutting it with the fault. 
The result is largely dependant on several 
faulting parameters, in particular the shear 
angle and the direction of faulting. For reasons 
of simplification, folding is not taken into 
account. It means that the fault does not have 
the shape it actually had during the extensional 
phase.  
 
Further work would be to unfold the model 
before unfaulting. In order to do this, MOVE 
would need to improve its unfolding algorithm 

because it can’t handle complex geometries at 
the moment.  

 4  Results 

 4.1  Gocad 
Some features are common to the two 

compartments. The synclines are upright to 
overturned with hinge lines trending sub-
parallel to the reactivated normal faults and 
plunging gently toward SE. The syncline is 
generally asymmetric with a southern limb 
steeper than the northern one (Figure 4-1 SW-
NE oriented slice of the 3D model across the 
Abbortjärn compartment illustrating the 
asymmetry of the syncline.). In the two 
compartments, the deformations are not 
homogeneously distributed. The SW part of the 
basin is characterized by more intense 
foliations and important stretching of the rocks 
close to the fault boundary whereas the NW 
part shows flat bedding orientations and is 
generally less folded and less foliated. 

 

 
Figure 4-1 SW-NE oriented slice of the 3D model across the Abbortjärn compartment illustrating the asymmetry of 
the syncline. See location on the figure 3-2. 
 

NW SE 
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 4.1.1  Abbortjärn compartment  

 
The Abbortjärn compartment is the 

simplest and the best understood one.(Figure 
4-2) . 
 
The fold axes are gently SE-plunging, 
following the general orientation within the 
eastern part of the CSD. (Figure 2-4).  
The south western part of the basin has 
undergone high strain whereas the opposite 
part has only been gently deformed. It is well 
illustrated by the general asymmetry of the 
syncline whose SW side is steeper than the NE 
one where the sedimentary layers tend to be 
gently dipping and unfolded. Moreover, the 
foliation (green surfaces on the Figure 4-3 
Surface model displaying the foliation 
surfaces) is more intense in the SW margin of 
the basin.  
 
The orientation of the foliations which are 
parallel to the high strain zone become more 

diverging toward NE and get a ~NW-SE trend 
thought to reflect the SW-NE bulk compression 
during the late stages of the basin inversion.  
 
The contact between the polymictic 
conglomerate with Jörn clasts and the other 
layers on the northern part of the compartment 
is not visible in the field but it is an agreed fact 
that the Jörn clasts are found in the top of the 
stratigraphy. Then, if conformably deposited, it 
should be in the core of the syncline. It is 
actually not, and it seems to be structurally 
below or at the same level than the 
stratigraphically-lower layer.  Hence an 
erosional surface is necessary to explain the 
position of the polymictic conglomerate layer. 
This erosional surface has not been found in 
the drillcores. A careful analysis of the clasts 
may allow to find it. The surface in the 3D 
model is unconstrained and totally freely 
designed since it is not observed from actual 
data. 

 
 

 
Figure 4-2 Volume model of the Abbortjärn compartment. Yellow surfaces: hanging wall, Salmon pink surfaces : 
reactivated fault, Blue volumes: diverse conglomerate, Grey volume: turbidite sequences. In red, the location of the 
slice figure 3-1 
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Figure 4-3 Surface model displaying the foliation surfaces (green) in the Abbortjärn compartment. Salmon pink 
surface: reactivated fault, yellow surface: conformable contact Skellefte Group rocks / Vargfors Group rocks; 
White surface: limestone layer (top), grey surface : Turbiditic sequences (top), blue surfaces: conglomerates (top), 
purple: erosional surface at the bottom of the conglomerate with Jörn granitoid clasts. The spacing of the main 
foliation reflects its intensity with strong foliation in closely-spaced parts. 
 
 

 4.1.2  Holmtjärn Compartment 
 
      The basin is bound by two NE-dipping 
normal faults (Figure 4-5 View from SE of the 
block model of the Holmtjärn compartment. 
Snapshot from gOcad). The SW fault has the 
same characteristics as the normal fault on the 
Abbortjärn compartment. Thus, it is very likely 
that the fault is listric and has its root on the 
same detachment surface at approximately 400-
500m depth. 
 
Another listric fault further toward NE is also 
linked on the same detachment surface. There 
is an uncertainty of roughly 200m on the 
location of this fault because of the 
Vargforsdammen lake.  
 
The main structure affecting the sediments is a 
wide SE-plunging syncline. Its SW limb is 
steeper than the NE limb and when going 
closer to the western boundary of the 
compartment, the U-shaped fold becomes more 

open (Figure 4-4). Bedding planes are gently 
dipping toward SE in the centre of the fold 
where they remain almost undeformed (Figure 
4-5). 
 
On the NW part of the basin, the deformation is 
expressed by a shear zone with associated tight 
folds (Figure 4-6). They are probably linked to 
a small blind back-thrust structure, (Figure 2-3) 
a common feature on inverted basin with 
reactivated normal fault. These back thrusts are 
often caused by weak beds in the basin infill 
(Panien et al., 2005).  
 
Due to slightly plunging fold axis, the NW fold 
seems to be even tighter when projected on the 
map (Figure 2-2, page 4) Three dimensional 
models help a lot to have the most suited view 
to make objective description of objects with 
complex geometry. It also helps to understand 
the geometric relationship between the surfaces 
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and eventually see if there is any conflict 
between the surfaces e.g. cross cutting problem 

when interpolated from superficial data. 
 

 
 

 
Figure 4-4 Slice of the 3D model through the Holmtjärn compartment. The southern part of the syncline is U-
shaped (first image) and more open on the northern part (second image). See location on Figure 4-5.  
 
 
 

 
Figure 4-5 View from SE of the block model of the Holmtjärn compartment. Snapshot from gOcad. In grey: 
turbiditic sequences; in blue: conglomerates; in yellow: Skellefte Group rocks; green line: location of the first slice 
(fig 3-4); red line: location of the second slice (fig 3-4). 
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Figure 4-6 View toward SE on the Holmtjärn compartment. Observe the tight folding of the North western part of 
the compartment and the geometric relationship between the foliation and the tight fold within the turbidites.In 
grey, lithological surface within the turbiditic sequences, in yellow : contact between Skellefte Group and Vargfors 
Group; in Salmon pink: reactivated fault; in green: foliation.  
 
 

 4.2  MOVE 
 

Backward modelling was used to restore a 
cross section in the Abbortjärn compartment. 
Line length restoration algorithm has been first 
used since it is an easy and commonly used 
method (Yamada, Y., 2002 ), but it proved to 
be unsuccessful. The fault was not unfolded in 
a proper way: it was considered as a horizon to 
unfold until being horizontal. Then it was 
impossible to use the fault to deform the other 
lines. 
 
The reason it does not work is that this 
algorithm needs a pin to set the place where 
there is no deformation in the package. The 
lines are all unfolded independently but their 
position relatively to each other remains the 
same at pin location. Then, if the package is 
unfolded at 100 percent, all the lines are 
unfolded and become all parallel to each other.  
It can obviously not be used when the original 
geology is not a simple layercake stratigraphy. 

 
The restoration proposed below used the 
flexural slip algorithm. The purple line above 
the package is the template line setting the 
amount of unfolding for all the package. This 
line is horizontal after the deformation.  
a) The cross-section is imported in Move, and 
digitized. 
b) The package is unfolded. The “template 
curve” (purple curve) is unfold to a horizontal 
curve, the others are “passive features” which 
follow the template curve, preserving the 
interbed “volume”. The transformation is a 
general unfolding with rotation of the footwall 
anticlockwise while the right part of the cross-
section remains unaltered. 
c) The hanging-wall is moved on 1200m along 
the fault. The resultant horizontal elongation or 
restored shortening is 800m, and the basin 
width reaches 4000m. 
d) The eroded part of the basin infill is 
interpolated, the shape of the basin floor (green 
curve) is modified to get a reasonable basin 
geometry.  
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These three steps leave a large part to the 
interpretation of the geologist and only lead to 
one basin geometry among several other 
acceptable ones.  
e) The last step for validation of a cross section 
consists in undoing all the previous steps in 

order to come back to the present time cross-
section while keeping the correction performed 
after the restoration.  

         

 
Figure 4-7 2D restoration of the Abbortärn compartment 
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Although it has limited capacities when the 
scenario is getting too complex and the 
deformation too strong, the restoration software 
MOVE has helped in viewing some flaws in 
the primary hypothesis. For example, the shape 
of the basin floor has been slightly modified in 
the fault vicinity. However, its position remains 
unconstrained and no reliable quantification of 
the deformation is possible since the initial 
geometry of the basin is still largely unknown.  
 
The starting point in the forward modelling is a 
half-graben structure. The normal fault is listric 

and becomes flatter toward depth, thus in 
accordance with the results of resistivity 
surveys.  
 
A plausible scenario has been found that 
involves relatively little faulting but important 
folding leading to transposition of the 
structures in the southern part of the basin. This 
model is a simplification of the actual history 
and several structures such as small backthrust 
fold and shear zones observed in the field are 
not represented. However, these structures do 
not invalidate the model. 

 

 
 
Figure 4-8 Simple forward modelling of  the basin inversion 
Two scenarios are tested (first scenario from a to c and second scenario from d to e). The starting points are 
different only by the basin width, controlled by the initial amount of extension. The whole package is deformed 
using several steps alternating faulting and folding algorithm. 
 
The basin is deformed alternating simple shear 
faulting and simple shear folding algorithm. 
(Figure 4-8 Simple forward modelling of  the 
basin inversion). The amount of deformation 
by faulting and folding remains constant. 
Variation of the strength of these two 
deformation process have not produced 
sensible difference in the final result. 

 
The final amount of movement along the fault 
is 400m. The dark red line (Figure 4-8 a and d) 
above the package represent what a horizontal 
line become after being folded. It is strongly 
deformed in a small zone around the fault and 
remains unfolded in the other parts. 
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In the two scenarios, the shortening mainly 
occurs around the SW border of the basin. A 
1km shortening is obtained for an original 
width of 3,5km. 
 
The two scenarios do not have the same 
consequence on the basin final geometry. 
(Figure 4-8 Simple forward modelling of  the 
basin inversionc and e) The basin depth in the 
second scenario is two thirds as small as it is in 
the second one, and the basin floor is deformed 
in the second scenario whereas it is not in the 
first one.  We can also notice that he layers at 
the bottom are not exhumed in these models. 

Then the lime-rich layer is probably not at the 
bottom of the stratigraphy of the Vargfors 
Group. 
 
A last model (Figure 4-9) is created to explain 
the geometry of the Holmtjärn compartment. 
The particularity is that a secondary listric fault 
developed during the extension phase. Thus the 
developed basin has been totally inverted and it 
actually remains only a small patch of the 
sediment once filling this basin. Otherwise, the 
kinematics are the same as in the Abbortjärn 
basin. 

 

 

 

 
 
Figure 4-9 Simplified model of the Holmtjärn compartment. A second basin at NE, has been completly inverted. 
Erosion has not been modelled. 

NW SE 
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According to this model, all two basins were 
4.5 km large during the maximum of extension, 
and are 3 km large at present time. 
 
An important result from the forward 
modelling is that the Vargfors basin has been 
more deformed by the folding process than the 
faulting one. It is impossible to quantify the 
original width of the Vargfors basin and the 
displacement along the fault since all evidence 
has been of course erased by the erosion.  
  
 

 5  Discussion 

 5.1  Data:  
Integration of petrological data from drill 

core logging results and sample analysis is 
uneasy when there are very few marker 
horizons. It is often hazardous to assure that 
there is a real correlation between two 
occurrences of a certain rock type and then to 
model a surface or a line connecting these data 
points. The second limitation is the short length 
of the cores. Since there is no mineralization in 
the Vargfors sedimentary units, no recent 
drilling has been performed and the quality of 
the drillholes is generally poor. The drillholes 
do not often hit major contacts recognised 
during the field mapping. For these reasons, we 
found the use of drillholes data to be 
inadequate. It is most suited to deposit-scale 
model, where data point density is large 
enough to follow local marker horizons. 

 5.2  Gocad 
The scattered nature of the outcrops 

location is inconvenient for 3D modelling 
(Hack, et al., 2005), even in the two simplest 
compartments documented here. Some areas 
are not covered at all, whereas some other 
places are well described. With more outcrops, 
the SW limb of the syncline is better 
constrained than the NE one. In this latter part 
of the basin, structural constraints and bedding 
orientation are largely interpolated from sparse 
data. Yet, the resulting model is consistent with 
theoretic general model obtained after the 
forward modelling with MOVE.  

 
Another factor that does not help in having a 
well constrained model is the lack of data in 
depth. The geometry of the major geological 
features, in particular that of the boundary 
faults, is poorly constrained. The knowledge of 
the basin floor depth with for example the help 
of seismic data or deep drillholes would 
considerably decrease the general uncertainty 
of the model. 
 
A common method to determine the shape of a 
normal fault is to study the hangingwall 
deformation. It usually requires seismic 
profiles to unravel the shape of the beds within 
the basin and deduce the fault geometry from it. 
Such seismic profiles are not available at the 
moment of the study, and there is no profile 
crossing the Vargfors basin with data at depth. 
At least, a resistivity profile is partially 
crossing the Vargfors Basin at south but it does 
not reach the floor of the basin. A resistivity 
model is suitable to give a rough description of 
the geometry of a fault but is blind to the detail 
of the bed deformations. Then, it is more suited 
to deduce the hangingwall deformation from 
the shape of the fault, even if there is still an 
important uncertainty, than the contrary. 
 
The geology of the basin from one 
compartment to another is not totally 
independent. Some features are found in 
different compartment in the CSD like the 
general dipping toward SE in the eastern part 
of the CSD or the asymmetric syncline. Then, 
the major geologic characteristic observed in 
the Abbortjärn compartment are probably  also 
valid for the Holmtjärn compartment, implying 
for example that the southern normal fault is 
listric and flatten at a depth of 400-500m. 
 

 5.3  MOVE 
First of all we have to mention that the 

software is designed for restoration and not 
forward modelling, which imply misuse of the 
available tools in the study. The best example 
of this is the use of the “unfold” tool to actually 
fold layers. 
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Moreover, the restoration strategy is best suited 
to situations with continuous stratigraphic 
horizons and simple original geometry. 
Information about the basin filling sediments 
alone can not really do the work because there 
is no stratigraphic correlation between the 
hangigwall and the footwall. Horizontality of 
the sediment layers or simple theoretical 
geometry before the deformations is a guide to 
quantify the amount of folding, and horizon 
continuity is another to quantify the amount of 
displacement along a fault. Since these guides 
are not defined in the CSD, a large part of the 
restoration might be inaccurate and other 
scenarios involving different setting of the 
deformations parameters could lead to similar 
results. 
 
For the same reasons given above, some 
deformations have been modelled with an 
amount of folding or faulting based on 
estimation of both past and current basin 
dimension. Then, it is impossible to give an 
accurate quantification of the displacement that 
occurred during the inversion.  
 
The other limitation in using the Move 
software for backward modelling is its inability 
to model a complex situation where both 
faulting and folding occurs at the same time. 
The best way to workaround the problem is to 
deform the lines step by step alternating 
unfolding and unfaulting methods. However 
the different steps are sometimes conflicting. 
For example the pin used in the unfolding step 
may be wrongly located after the unfaulting 
step, or the unfolding step involve change in 
the volume of a layer when the unfaulting 
algorithm is based on volume conservation. 
This method does not quantify the amount of 
displacement along the fault either during the 
basin formation or during its inversion. 
 
Another issue is the inability to take the 
compaction due to reduced porosity lose or 
elastic behaviour of the rocks into account. It 
may be a handicap to model features that have 
undergone a strong compression. 
 
The general model assumes important folding 
in a narrow area along the main fault 

explaining the vertical transposition of the fault 
and any other structures of the area. Little or no 
movement along the fault may be necessary to 
reach the current geometry of the basin. 
However, important movement along fault is 
not excluded since the pre-existence of the fault 
is often a facilitating factor for brittle 
deformation during compression.  
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