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through airborne light detecting and ranging, LiDAR, cutting 
surficial sediments but never outcrops in the bedrock. After 
examining and validating the well data in the mapped area, 430 of 
478 wells were used to build the model, giving a 3D model of the 
surficial deposits and the bedrock surface. In the model, the scarp 
cannot be seen in the bedrock, nor in the deposits nor in the valley 
morphology. Exporting the model to Arc GIS as a digital terrain 
model, a DTM, as a raster, shows that with the amount of data 
available a fair pixel resolution would be 150 m2. With that 
resolution detailed landforms like fault scarps would not appear. The 
conclusion is that the amount of data is to low to accurately model 
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Abstract
 

This study demonstrates how to make and use a three dimensional model in GSI3D, 

based on well data from the Geological Survey of Sweden’s well archive. The 

objective is to determine if it is possible to show a supposed fault scarp, the Bollnäs 

fault, in the bedrock and the valley morphology in a 3D model based on the data 

available. During the last ice age, the land surface under the ice was depressed by 

several hundred meters. As the last ice sheet retreated, land uplift began and faulting 

occurred. These glacially-induced faults are dated to late or post glacial times since 

they are cutting post glacial sediments. The same goes for the Bollnäs fault. The 

scarp is seen through airborne light detecting and ranging, LiDAR, cutting surficial 

sediments but never outcrops in the bedrock. After examining and validating the well 

data in the mapped area, 430 of 478 wells were used to build the model, giving a 3D 

model of the surficial deposits and the bedrock surface. In the model, the scarp 

cannot be seen in the bedrock, nor in the deposits nor in the valley morphology. 

Exporting the model to Arc GIS as a digital terrain model, a DTM, as a raster, shows 

that with the amount of data available a fair pixel resolution would be 150 m2. With 

that resolution detailed landforms like fault scarps would not appear. The conclusion 

is that the amount of data is to low to accurately model small-scale features.  These 

findings aligning with earlier research on 3D models.    

 

Sammanfattning  

Denna studie visar hur man gör och använder en tredimensionell modell i GSI3D, 

baserat på såväl data från Sveriges Geologiska Undersöknings brunnsarkiv. Syftet är 

att undersöka om det är möjligt att visa en påstådd förkastningsbrant, 

Bollnäsförkastningen, i berggrunden och dalmorfologin i en 3D-modell som bygger 

på den data som är tillgängliga. Under den senaste istiden var markytan under isen 

nedpressad flera hundra meter. När isen sedan smälte av och drog sig tillbaka 

började en isostatisk landhöjning och som resultat uppstod en förkastningar i berget. 

Dessa förkastningar är daterade till sen- eller post glaciala då de skär glacial 

sediment. Samma sak gäller för Bollnäsförkastningen. Förkastningsbranten kan ses 

genom luftburen light detecting and rangeing, LiDAR även kallat laser-radar, och 

visar sig skära genom ytliga sediment. Dock går förkastningsbranten aldrig i dagen i 

berget. Efter att ha gått igenom och godkänt brunnarna i det kartlagda området, 

kunde 430 av 478 brunnar används för att bygga modellen, vilket resulterade i en 

3D-modell av jordarterna och berggrundsytan. Denna modell visar att 

förkastningsbranten inte kan ses i berggrunden, i sedimenten, eller i dalens 

morfologi. Genom att exportera modellen till Arc GIS, som en digital terrängmodell, 

en DTM, som ett raster, går det att visa att med den mängd data som finns skulle den 

rimliga pixelupplösningen vara 150 m2. Med en sådan upplösning är detaljerade 

landformer som förkastningsbranter inte möjliga att urskilja. Slutsatserna är att 

mängden data är för låg, vilket överensstämmer med tidigare forskning på 3D-



 
 

modeller. Om små landskapsformer skall visas genom tredimensionell modellering 

behövs en mycket högre densitet av datapunkter än den brunnsdata som används till 

studien. 
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1. Introduction 
In earth sciences, 3D models are a good compliment to show relations between 

cross-sections and deposits both on the depth, extension in the landscape and in 

relations to each other (Caumon, G. et al. 2009). The use of three-dimensional 

models allows for displaying areas that are otherwise restricted to two-dimensional 

picture limitation for easier visualization and greater understanding of complex 

geology. For example, models can be used to map natural resources, to make 

hazard evaluations (Caumon, G. et al. 2009) or to apply 3D modeling when 

examining unconsolidated sediments.  

Also when building a 3D model, the workflow, from the choice of data to the 

interpretation of the model, constantly forces the user to interpret and reflect about 

the environment and how different structures connect to each other. 

 The area that is mapped in this study is located in central Sweden and 

includes the town of Bollnäs (Fig. 1), the two lakes Voxsjön and Varpen as well as the 

surrounding area. It is situated about 265 km north of Stockholm and the total 

mapped area is approximately 150 km2. This area is of interest due to a light 

detecting and ranging (LiDAR) imagery that shows what could be a fault scarp in the 

surficial sediments to the west of Bollnäs (Smith, et al. 2014). The suspected fault 

scarp is not visible in the bedrock, either in the field or on the LiDAR (Smith, et al. 

2014) and therefore it is of interest to make a 3D model to see if it is possible to 

distinguish the fault scarp in in the bedrock calculated by the model.  

A variety of data can be used to build 3D models. These include field 

observations, remotely sensed data (Caumon, G. et al. 2009) and as for this study, 

borehole from wells in the Geological Survey of Sweden’s (SGU) well archive.  

Three questions were asked before building the model;  

 Will the offset be seen in the bedrock in the model?  

 What is the shape of the valley in the area? Is it steeper on the faulted 

side? The hypothesis here is that there is a fault scarp in the bedrock 

making the west hillside of the valley steeper than the east where there is 

no fault scarp. 

 Can the thickness in the sediments show a fault scarp? Are they thinner on 

the west side than on the east side due to the west block supposedly being 

uplifted in relation to the east block?  
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Figure 1. Bollnäs, Sweden (© Lantmäteriet, 2014, 2i012/921) 

 

 

2. The Bollnäs fault scarp and post glacial faults in Sweden. 

 

It is mostly due to the ice progress and retreat that the environment in Sweden looks 

like it does today with glacial deposits making up over 75% of the surficial sediments 

(Eriksson, et al. 2011). At some point around 20 000 years BP a 3000m thick ice 

sheet covered the Baltic basin and the whole of the Fennoscandian shield, 

depressing the Earth’s crust up to 800 m. This was in the end of the Weichselian ice 

age and shortly before 13 000 years BP, the ice cap started melting due to a warmer 

climate (Mörner, et al. 2008) and melted from the area mapped in this study, 

sometime after 11 000 years BP (Berglund, 2005) and then, around 8500 years BP 

Sweden was almost entirely ice free (Lundqvist. 2004). 

As the ice sheet melted isostatic uplift began. Because of this major 

earthquakes took place, an suggestion is made by Mörner (2008) that today the 

number of measured high-magnitude events due to deglaciation is at least 58 events 

(Mörner, et al. 2008). Also as a result of this movement faulting was triggered, 

leading to earthquakes, leaving still visible traces in the sediments as water escaped 

structures and landslides. In northern Sweden, several of these late or post glacial 

faults have been mapped and dated. One of the best known is the Pärvie fault that 

stretches over 155 km with a scarp height between 3-10 m. The age has been 

determined to be late or post glacial since the faults cut through glacial and post 
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glacial sediments (Lagerbäck & Sundh, 2008). Due to the law of superposition, these 

faults, like the Pärvie fault, cutting glacial deposits, must be younger than the 

sediments they cut, as the sediments had to be there to be cut in the first place 

(Tarbuck & Lutgens, 2005). It is discussed if there are any older glacially induced 

faults than those dated to be late or post glacial, that is, faults set of by glacial ice 

load and unload on the surface during glaciations previous to the Weichselian 

glaciation. Lagerbäck and Sundh (2008) suggest that if there was faulting from older 

glaciations the scarps have been totally erased due to erosion, but that this however, 

might seem unlikely as it has become known that there was a limited amount of 

erosion during the last glaciation (Lagerbäck, 1988b). 

Almost all of the mapped faults in northern Sweden that were caused by the 

unloading of the ice sheet have a north to north/easterly trend. Also, in almost all cases, 

the faults are reverse with scarps that usually vary between 5-10 m in height 

(Lagerbäck & Sundh, 2008). The same applies for the suggested Bollnäs fault. The 

bedrock scarp never outcrops but a scarp is seen in Fig. 2 in the surficial sediments 

on a digital elevation model (DEM) made through LiDAR. The scarp’s position is 2.5 

km to the west of the town of Bollnäs and extends between 6 km north of lake Voxsjön 

to 2 km south of the same lake, making the total scarp 9.5 km. The western block is 

uplifted higher than the eastern but at the moment it is not known if the fault is normal 

or reverse (Smith, et al. 2014) 

 
Figure 2. LiDAR over the Bollnäs area. The scarp is marked in the right figure with a white, dashed 

line. One side of the figure equals 15 km.  

 

 

3. Geological setting 

 

The bedrock in the area is built up by a Svecokarelian metagranite with an age of 

1.97-1.87 Ga and a gneiss with no determined age (Albrecht & Kübler, 2011). Over 

the bedrock glacial and postglacial sediments have been deposited (Fig. 3). 
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Figure 3. Quaternary deposit map in the mapped area around the town of Bollnäs (Mikko, 2011b) 

(Mikko & Wiberg, 2011), (Mikko, et al. 2011). 

  

As the ice sheet passed through the country it eroded the landscape through 

abrasion and plucked up loose parts in various size from both the bedrock as well as 

loose sediments. They were later on deposited and most of them can today be seen 

in the form of a diamict deposit, till, today covering over 70% of the Swedish 

landscape usually outcropping above the highest shore line. The till was in most 

cases deposited in varying thicknesses directly on top of the bedrock. On average, 

the till thickness differs between 0-20 meters but has been measured to be thicker 

than 50 meters at some places (Eriksson, et al. 2011) In the mapped area, the till 

varies between 0 and an average depth of 11 meters, but in places the thickness is 

measured to over 60 meters. Also depending on the site the till is built up of more 

than one till (Smith, et al. 2014)    

Other glacial material deposited in the area is the glacial-fluvial sediments. As 

the ice sheet retreated, meltwater from above and under the ice formed rivers in 

between the ice and the ground. These subglacial rivers transported large amounts 

of sediments and deposited them in places where the river energy became lower, as 

for example at the ice margin where the river flowed into open water. This material is 

often found in form of eskers, spreading through the landscape like the rivers they 

were once a part of. The sediments are mostly composed of coarse sand and gravel, 
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lacking finer sediments that were unable to be deposited in running water (Eriksson, 

et al. 2011). 

With the ice retreat the area was laid bare from ice and covered by deep 

water. The ground was depressed at least 800 meters, and the water from the Baltic 

sea could flood the land and follow the ice margin as the ice sheet retreat. (Berglund, 

2005) This was a part of the last stage of the development of the Baltic Sea and was 

called the Ancylus lake (Björck, 1995) drowning all landmasses under 230 m above 

today’s sea level with water (Berglund, 2005). Here, at the ice margin, the energy in 

transport decrease markedly and finer glaciofluvial material could be deposited in the 

open water. The glacial clay is one of these finer materials and is also called varved 

clay since it has seasonal layers. Thicker and lighter colored layers for the warmer 

seasons when ice melted faster and transported more and coarser materials and 

darker thinner, more fine-grained layers for the cold season when ice melting 

decreased or stopped. 

Sediment deposited after the ice had melted when the sediment-laden rivers 

of melt water no longer affected them is called post-glacial sediment. Examples of 

such sediments are sands and gravels and clays washed out from till and varved 

clays. During the regression of the Baltic waves reworked previously deposited 

sediments and re-deposited them as post glacial sediments (Eriksson, et al. 2011). 

 

4. Methods 
 

There are three parts in building a 3D model. The first part is to choose, evaluate and 

interpret the data. The second part is to prepare the data for input in GSI3D, which is 

the software used to build the model. The third and final step of the model building is 

to process the data in GSI 3D by drawing cross-sections and envelopes.
 

The following sub-sections describe the method by which the data were 

evaluated, chosen, prepared and inserted to the model.
 

 

4.1 Choosing the data 

 

The model was essentially built with Arc GIS and GSI 3D and the data came from 

well boreholes from SGU’s well archive.
 

The well data are the foundation upon which the model will be based. Thus, 

the first thing to do is organize the data. They came in an excel sheet and contained 

information about 478 wells in the area drilled between 1937 and 2013. The well logs 

varied in detail but included information about the wells depth to bedrock and the 

stratigraphy of overlying sediments. The data were not collected by geologists but by 

well drillers, thus they often use non-standard nomenclature.  In some wells, the 

sediments were registered as “soil” and in one case as detailed as “alluvial sand”. No 

information about who logged the sediments was available, and this could have been 

done by anyone involved when the well was built. Table 1 gives an example of how 

the well data looked before structuring.
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Table 1. Unsorted data from the SGU well archive.

 

OBJECTID, 
N,9,0 

BORRJDJ, 
N,19,11 

TOTDJ, 
N,19,11 _1,C,50 _2,C,50 _3,C,50 

1 5 52 0 - 5 meter:  MORÄN 5 - 52 meter:  BERG  

4 13 34 
0 - 7 meter:  GRÄVD 
BRUNN 

7 - 13 meter:  HÅRD 
PINNMO 13 - 34 meter:  HÅRD GRANIT 

8 12 60 
0 - 12 meter:  BRUNN-
MORÄN 12 - 60 meter:  BERG  

10 0,5 85 0 - 0,5 meter:  JORD 
0,5 - 85 meter:  
GRÅBERG  

15 3 60 
0 - 3 meter:  GRUS, 
PINNMO 3 - 54 meter:  BERG 54 - 60 meter:  BERG 

17 5 87 
0 - 5 meter:  SAND O 
GRUS 5 - 60 meter:  BERG 60 - 87 meter:  BERG 

30 20 120 0 - 20 meter:  MORÄN 20 - 120 meter:  BERG  

42 37,5 121 
0 - 34 meter:  SAND 
PINNMO 

34 - 37,5 meter:  
FLYTSAND 37,5 - 121 meter:  BERG 

44 12 76 
0 - 12 meter:  SA ST 
PINNMO 12 - 76 meter:  BERG  

50 28 82 0 - 13 meter:  MORÄN 13 - 28 meter:  FILLER 28 - 82 meter:  BERG 
56 22,1 22,1 0 - 22,1 meter:  JORD   

 

As these data were chosen, the first part of the interpretation began. The file was not 

functional as input data in the unsorted format, and data had to be simplified. For this 

project, nine categories were chosen (with the exception of ‘water’) based on genesis 

and lithostratigraphy. 

 

 
Water

 

 
Holocene sand; fine grained sand to very coarse gravel, not close to any 

glaciofluvial deposits on the Quaternary deposits map.
 

 
Holocene clay; fine grained sediments, clay, silt.

 

 
Glaciofluvial sediments; fine grained sand to very coarse gravel on or adjacent 

to glaciofluvial sediments on the Quaternary deposits map .
 

 
Late Weichselian till; Till, gravel, based on Quaternary deposits map .

 

 
Old Weichselian sand; Several meters of sand under till.

 

 
Old Weichselian clay; Several meters of clay under till and or old Weichselian 

sand.
 

 
Old Weichselian till; Till under Old Weichselian sand and or clay.

 

 
Pre-Quaternary bedrock; Bedrock

 

 

Although the water unit is not a part of any well stratigraphy, it is important to have as 

a unit since there are lakes and streams in the area. 

 In order to determine what well data are valid and what data  are not, some 

generalizations had to be made and some wells had to be deleted. The 

generalizations involved, beyond simplifying the stratigraphical units, making two 

layers of the same sediment into one unit. That means, if two or more units of the 
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same sort were noted as laying on top of each other in the well-data they were made 

in to one single unit.  An example of this could be the well in Table 1 that has BERG 

noted twice in the same well. The model is supposed to only have one bedrock unit 

and therefor these two units were made into one. This simplification was done mostly 

for till and bedrock.  

 It was possible to correlate the top layer of the stratigraphy in the wells with 

the surficial geologic map, and the lower sediments were deemed reliable if the layer 

was thick enough to be a separate unit. This thickness for reliability was set to one 

meter or more. As for example, till may have many different grain size compositions 

making the deposit more or less fine grained, and could therefore be mistaken for 

clay or gravel, depending on the structure. Therefore, as it is not known who noted 

the deposits, the units had to have a convincing depth, set to at least one meter, 

before determined to be a distinct unit and not just a variation of previous or 

surrounding deposits.  

 In these cases the Quaternary deposit map were helpful. There were both very 

thick layers and very thin layers, and there could be noted one meter of gravel above 

till. In these cases, if the deposit was not close to glaciofluvial sediment, the gravel 

was included in the till bed. Though it is important to keep in mind that this of course 

can give a source of error. 

 The LiDAR-dervied digital elevation model was also useful as sediments could 

be classified with the help of the landforms appearing in the image. For example, 

wells logged as clay or till could be interpreted depending on what showed on the 

LiDAR since clay in contrast to till shows as a smooth and flat surface.  

 Also the Quaternary deposit map had to be simplified (Fig. 4) in Arc GIS to 

show only the nine units chosen for the project. For example, different types of sand 

in the map had to be divided into two groups, either they were formed from 

glaciofluvial material or from post-glacial re-working. Peat was also one of the 

judgment calls while making a simplified Quaternary deposits map. In this case, the 

peat was scarce and located at higher elevations.  Thus, peat was  changed to till in 

the map.  

 Despite these corrections, more restrictions had to be made. All the well data 

were not usable, and some had to be rejected outright. Wells taken away were those 

without depth to bedrock, those that claimed to contain fill beneath naturally occurring 

sediments, and some that were registered several times in the same location with the 

same stratigraphy.  

 Furthermore, when the wells were interpreted and cleaned up, they had to be 

considered in relationship to their location on the real estate map in Arc GIS. This 

data contains information about the accuracy of the wells location which is 

categorized as; under 100 m locality error, under 250 m locality error, over 250 m 

locality error and no locality verified. With this information, all wells that could have a 

locality error of over 250 meters were verified in relation to the map. The location 

accuracy data and the well data were not in the same file and the attribute tables for 

the maps were combined so that the locality control was inserted in the well-data file 

in Arc GIS. This way, wells with the different locality accuracy could be shown on top 
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of the soil and real estate maps and all wells with an approved accuracy could be 

excluded so that only those that had to be checked once more were shown.  

 From this sub-set,  wells in the vicinity of a building were interpreted as 

accurate, but the further away from a building a well was located on the map the less 

believable it became. Some wells were therefore taken away as they were too far 

away and with an unknown location did not represent the stratigraphy at their given 

location. 

 When all the well data were clean and only the wells qualifying as valid 

remained, there were 430 wells (of the original 478) left to use as input data in 

GSI3D. 

 

Figure 4. Simplified Quaternary deposits map.  

 

4.2 Preparing the input data  

    

The next step in building a 3D model with the GSI3D software was to prepare the 

well data to fit into the program as described by Kessler, et al. (2008) and Mathers, et 

al. (2011).  
 

Basically, four different files need to be put together from the excel 

spreadsheets into text files. All files have to be prepared using the exact structure 

shown in Tables 2-5 2. The first and second files are the ‘depth file’ and the ‘easting, 
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northing and DTM file’ or ‘Borehole data’ as it is called in the software manual 

(Mathers, et al. 2011), that contains two tables (Table 2 and Table 3). The unique 

borehole ID, the easting and the northing is found in the well-data excel spreadsheet 

from the well archive.  
 

The lithology code is the shortening of the sediments lithological name.  

According to these abbreviations S stands for sand, C for clay, GFS for glaciofluvial 

sediments and B for bedrock. Also, the lithostratigraphical unit code in this case gives 

the deposits age, PQ for Pre-Quaternary, OW for Older Weichselian, LW for late 

Weichselian, and H for Holocene.  
 

 

Table 2. The Depth File
 

Unique 
borehole ID 

Depth to base of unit 
(meters) Lithostratigraphic unit code Lithology code 

    

146300041 5 LW T 

146300041 52 PQ B 

146400023 3 LW T 

146400023 7 OW S 

146400023 8 OW C 

146400023 58 PQ B 

156100066 6 LW GFS 

156100066 10 OW T 

156100066 45 PQ B 
 

Table 3. Easting, Northing and DTM file
 

Unique borehole ID Easting Northing Start height, DTM 

146300041 572270 6803806 0 

146400002 572480 6797548 0 

146400003 571540 6795967 0 

146400019 573478 6797680 0 

146400022 572172 6796604 0 

 

The next file that is needed is the Geological Vertical Sequence file (GVS file) shown 

in Table 4. It forms the foundation of the GSI3D model. This file tells the software in 

what order the sequences should be shown in the model and also what is displayed 

(Mathers, et al. 2011). In this, the table shows both the lithology and the stratigraphy, 

as well as the genesis that defines the origin of the deposits.  The free text is for 

other information that may be of interest.  
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Table 4. The GVS file
 

Name id Lithostratigraphy 
Stratigraph

y Lithology Genesis Free text 

HS 10 HS H S 
Finegrained lacustrian 

stratified sediments Holocene sandy sediments 

HC 20 HC H C 
Stratified sediments in 

standing watrer after Holocene silts and clays 

LWGFS 30 LWGFS LW GFS Glacial fluvial sediments 
Late Weichsel glacial fluvial 

sediments 
LWT 40 LWT LW T Glacial Late Weichsel till 

OWS 50 OWS OW S 
Finegrained lacustrian 

stratified sediments Old Weichsel sandy sediments 

OWC 60 OWC OW C 
Stratified sediments in 

standing watrer Old Weichsel silts and clays 
OWT 70 OWT OW T Glacial Old Weichsel till 
BEDROCK 100 BEDROCK PQ B Bedrock Bedrock base 

 

The last file to be prepared is the ‘legend file’. This is to give the program information 

on what unit should be displayed and with what color (Mathers, et al. 2011). The 

colors in the legend file are Red, Green, Blue based (RGB-based) and were chosen 

with the software Adobe Illustrator. The selection of colors was inspired by the SGU 

Quaternary deposits map, and the map presented here should be easily readable by 

those familiar with SGU surficial geologic maps.. The LEG_ID connects the 

lithostratigraphy to the correct color.
 

 

Table 5. The Legend file
 

LEG_ID Description 
Re
d Green Blue 

Transparen
cy 

HS Holocene sandy gravely sediments 243 148 62 255 

HC Holocene silts clays 149 182 96 255 

LWGFS Late Weichsel glacial fluvial sediments   148 194 73 255 

LWT Late Weichsel till 188 212 240 255 

OWS Older Weichsel sandy gravely sediments 249 194 157 255 

OWC Older Weichsel silts clays 255 236 163 255 

OWT Older Weichsel till 223 237 250 255 

BEDROCK Bedrock 218 52 51 255 

H Holocene 234 155 189 255 

LW Late Weichselian 139 173 219 255 

OW Old Weichselian 144 141 196 255 

PQ Pre Quaternary 229 203 227 255 

S Sand 243 148 62 255 

C Clay 149 182 96 255 

GFS Glaciofluvial sediments 148 194 73 255 

T Till 139 173 219 255 

B Bedrock 218 52 51 255 
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4.3 Processing the data in GSI3D 

 

When the files were done they were loaded into GSI3D.  Additionally, the Quaternary 

deposits map, a shapefile for the water, the scarp and a matching digital elevation 

model (DEM), were loaded into GSI3D. Then the Quaternary deposits map is 

projected onto the DEM to produce the digital terrain model, the DTM. The 

Quaternary deposits map with the wells and the scarp is shown in figure 5.
 

 

 
Figure 5. Mapped area with wells shown in white and the scarp is marked with a black, dashed line.   

 

The final step in processing the data before the program can calculate and build the 

model is creating cross-sections and envelopes. This is done so that the program can 

connect all the data between the boreholes and fill in areas where no data are 

available.
 

 
To create a cross-section the “create new cross-section” tool was used. Cross-

sections were drawn across the mapped area and connected as many wells as 

possible. All together, 35 cross-sections were drawn over the whole area in a grid 

with 17 going in a north-south direction and 18 going in a west-east direction (Fig. 6). 

Furthermore, 11 shorter west-east trending cross-sections were drawn across the 

scarp.
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Figure 6. Map over the area with drawn cross-sections.

 

 

All cross-sections were interpreted and completed with stratigraphic units. Figure 7 

shows an example of a drawn cross-section. These are drawn in the program with 

wells as control points where the stratigraphy is known.
 

 

 
Figure 7. Cross-section with well. 

 

 

In locations where the stratigraphy cannot be determined from wells, the DTM aids 

interpretation with topography. For the cross-sections drawn across the lakes, where 

the top sediments could not be compared with the Quaternary deposits map. The 

lakes therefor were mapped as Holocene clay which is a valid conclusion since fine-

grained material is transported to and accumulated in lakes and valleys (Eriksson, et 

al. 2011).   

Also, it is now important to include the water unit. The DTM follows the land 

surface but does not follow it beneath the areas covered by water.  Instead, it follows 

the water surface. In the program, while drawing the cross-sections the DTM will 

work as a cover in the top of the section, and everything under the DTM-seal will be 

filled up with the uppermost unit. Hence, without the water unit, the areas where the 

lakes are will be filled up with the uppermost deposit and become indistinguishable 

from areas mapped as clay (Fig. 8 and 9).
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Figure 8. Cross-section with water as a stratigraphical unit.  

 

 
Figure 9. Same cross-section as in Fig. 8. but without water as a stratigraphical unit.  

 

Away from wells, drawing the thickness of stratigraphic units requires some 

geological interpretation.  In this case, the thickness of till is drawn to be between 10-

20 m in areas with no well control points and following the topography so it gets 

thinner with higher elevations and thicker in valleys. Figures 10 and 11 show 

examples of cross-sections with and without wells.
 

 

Figure 10. Cross-sections with well. 
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Figure 11. Cross-section without well. 

 

 

When all the cross-sections are drawn and completed it is time to draw the 

envelopes.
 

As is seen in figure 12 that shows the cross-sections displayed in the 3D 

window, the cross-sections make up a grid of information about the deposits depth in 

the area. However, the information is limited to the cross-sections. 

 

Figure 12. Cross-sections over the mapped area, projected in 3D window. 
 

 

With the information from the cross-sections the program has information on 

how far the deposits extend along the lines but not laterally from the lines. For the top 

layers shown in the Quaternary deposits map, it is possible to copy the features from 

the map to the geological units, using the copy polygon feature in the program, so 

that the program gets information about the deposits lateral extent. Drawing 

envelopes thus means connecting the cross-section’s lines to areas or polygons and 

giving the program information on how far they extend beyond the cross-sections. 

When this is done, the program has enough data to calculate the model.
 

 
When the model is calculated there is a possibility to make new, synthetic 

cross-sections. This is done by first making “synthetic boreholes” in the model and 

then creating new cross-section connecting these boreholes. 
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Furthermore it is possible to export the surfaces of different stratigraphic units 

as height models to Arc GIS. This means that the calculated DTM for the different 

deposits gets exported as a raster from the 3D model with an eligible pixel size, 

where every pixel is an area on the map with a specific height, this gives a height 

model. 
 

 

5. Results 

 

5.1 3D Model 

 

As the model is done, the three questions about the scarp, morphology and bedrock 

offset are revisited.
 

In the model, (Fig. 14) it is possible to see the fault scarp in the surficial 

sediments (Fig. 15), though that was expected since it shows in the DTM. But when 

addressing the first question, if the scarp would appear in the modeled bedrock, there 

is no offset to be seen (Fig. 16). The modeled bedrock has artefacts in connection to 

the cross-sections, giving the modeled surface ridge and valley-like features. These 

features do not correspond with reality and it is impossible to tell if the scarp shows 

just by looking at the bedrock surface in the model.  
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Figure 14. The 3D model with all the surficial sediments. Each side of the square equals 15 km.
 

 

   

Figure 15. Two pictures of the 3D model seen from above, where the scarp is seen in the till. The 

arrows in the right picture marks where the scarp are seen.
 

 

   
Figure 16. Two pictures of the 3D model of bedrock seen from above. Each side of the square around 

the model equals 15 km. In the right picture, the arrows 1-2 and 3-4 shows where the scarp are 

situated and arrow 5 – 8 shows misleading features in the model. 
 

 

The second question to be revisited, does the shape of the valley tend to show some 

offset? The answer is that the shape of the valley shows no sign of being steeper at 

the faulted side, as seen in figure 17, a DTM of the bedrock exported from the model, 

done in Arc GIS with three topographic profiles.
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Figure 17. DTM made in Arc GIS with profile graphs to show valley morphology

 

 

 

The third and last question to be addressed, is it possible to see a fault scarp in the 

depth of the stratigraphical units along the scarp? This is shown by looking at the 

cross-sections drawn across the scarp. In some places, the cross-sections show 

what could be interpreted as offset (Fig. 18), but at other places cross-sections over 

the scarp show no offset, and at some places cross-sections show the opposite. For 

example, in figure 19, displaying a cross-section over the scarp with a west facing 

slope is of no use since the scarp is east facing. 
 

 

 
Figure 18. Cross-section over the scarp where till thickness goes from 10, 5 m to 60 m. The yellow line 

shows where the fault is supposed to be situated.
 

 

 



18 
 

 

Figure 19. Cross-section where the tilt of the bedrock is the opposite to the fault offset. The yellow line 

shows where the fault is supposed to be situated. 
 

 

 

6. Discussion 
 

As seen above, the fault scarp does not appear at all in the modeled bedrock 

surface. Neither can it be seen in the valley morphology where the faulted western 

side of the valley would be expected to be steeper than the un-faulted eastern side. 

As for the depth in surficial sediments displayed with cross-sections, it does not show 

the fault scarp either. The lack of evidence for faulting in the model may be the result 

of a variety causes. The first reason being that the fault actually might not be there. 

The bedrock fault scarp never outcrops and it is only seen in the surficial sediments 

(Smith, et al. 2014).
 
However, based on surficial geologic evidence, Smith et al 

(2014) make a strong case for post-glacial faulting seismicity, and it seems probable 

that it would be there. The scarp is visible for several kilometers in the surficial 

sediments, but also the sediments are thick across the scarp and a smaller feature 

than a scarp probably would have been buried in these sediments. Also landslides 

down the scarp and water-escaped structures formed from seismic activity is found 

adjacent to the scarp (Smith, et al. 2014).
 

 More likely, the absence of the fault in the model is due to the density, quality 

and location of the well data. Wu and Xu (2002) discuss that to construct 3D models 

the quantity of data needs to be high, though it generally is scarce and not well 

tested. The argument is made that with the complexity of geological structures and 

the discontinuity of bedrock and superficial deposits it is hard to make unspoiled 

solutions for 3D models with the generally low sampling density (Wu, Q. & Xu, H. 

2002). Additionally, Caumon, G et al. (2009) points out the importance of having 

enough data, since one common cause of smoothing of features can be due to the 



19 
 

limited amount of data, making the resolution of the model poor and the DTM rough 

(Caumon, G. et al. 2009).  
 

This also seems to be the case for this study. When looking at the map with 

the wells displayed it is easy to see that they are unevenly distributed over the area. 

There is a much higher density of wells in and around the town of Bollnäs than in 

areas around the scarp. To show how the density of data points affects the area two 

tests were done. The first showing how the model will react to wells and their 

proximity to the scarp and the second how the data density affects the digital terrain 

model calculated with the data from the 3D model in Arc GIS. 
 

For the first test, we assume that the bedrock is flat, Figures 20 through 23 

show how steep the scarp would appear in the model. By giving the wells positions 

farther and farther away from the scarp the steepness of the scarp will fade. 

 

Figure 20. The fault position in the model is illustrated with a dashed line in the middle of two wells on 

either side of the fault. The pictures show how the slope containing the fault would appear in the 

calculated model the farther away the wells are located from the fault.
 

 
Figure 21. The pictures show how the scarp would appear if the wells were positioned 10 m each from 

the fault. 
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Figure 22. The pictures show how the slope containing the fault would appear if the wells were 

positioned 30 m each from the fault.
 

 Figure 23. The pictures show how the slope containing the fault would appear if the wells were 

positioned 100 m respective 200 m each from the fault. 
 

Different types of data give different resolutions in 3D modeling. For example, data 

gathered in the field can give millimeter scale resolution (Caumon, G. et al. 2009) 

and data like boreholes depend on the distance between the boreholes as described 

in the first test. Here it is clearly seen how the scarp height in the model disappears 
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as wells are moved away from the fault.  
 

Test number two shows how a DTM will appear with the amount of data used 

for building the model and how well it is possible to distinguish small landscape 

features with the available data. The test is done so it points out how the DTM will 

respond to the highest data density in the area. That is, the area around the town of 

Bollnäs, where the wells are positioned closer to each other than in other areas of the 

map. When transporting the information from the calculated model about the bedrock 

surface into Arc GIS it can be projected as a DTM, like the one seen in figure 17, with 

an optional pixel size. That is, how large of an area does each pixel represent.  
 

For the whole model, the DTM pixel size suggested by the program is 150 m2 

since that is what’s suitable for the number of data points in the model. With a pixel 

size that large, a structure like the 5 m fault offset, will disappear in the bedrock. 

Therefore this test, displayed in figure 24 and 25, shows the difference in detail with 

two different pixel sizes: 150 m2 and 25 m2. Also it should be noted that the pixels in 

the pictures have been smoothed as this was thought to be the best way 

to display the surface in the 25 m2 picture. But even if the pixels themselves cannot 

be seen in the pictures, this still serves the purpose to show that small features in the 

landscape are not possible to separate as single units in the landscape with the 

amount of data used to build the model. 
 

 

Figure 24. The DTM calculated from the modeled bedrock surface showing the area with the highest 

well density with a 150 m2 pixel size.
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Figure. 25. The DTM calculated from the modeled bedrock surface showing the area with the highest 

well density with a 25 m2 pixel size. 

To get the most detailed DTM comparison for an area it has to be done where the 

highest well density is found. Hence the area around Bollnäs is the most appropriate 

one. Even if this area is very flat, which is problematic as there are few details in the 

land surface, it is still the most appropriate area as there is no other location with the 

same data density. And in comparison, this area contains 175 wells while an area of 

the same size above the scarp with the highest well density contains 68 wells (Fig. 

26).  

 

Figure 26. The DTM calculated from the modeled bedrock surface showing the area over the scarp 

with the highest well density with a 150 m2 pixel size.  
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7. Conclusions 
 

This study has been done to examine the possibilities of making a 3D model of the 

proposed fault scarp located adjacent to the town of Bollnäs with data from 430 wells 

in the area. The purpose was to test if by this method, the scarp offset could be seen 

in the bedrock, if the valley morphology indicates faulting and if the fault offset could 

be seen in the surficial sediments.
 

 
By using Arc GIS and GSI 3D it was possible to take data from the SGU well 

archive to build a 3D model of the area. The fault scarp could be seen in the late 

Weichselian till but not in the modeled bedrock surface. That it could be seen in the 

till, was expected because it shows up in the LiDAR imagery of the area, but there is 

no trace of a fault scarp in the bedrock surface. Neither did the scarp show up in the 

sediments when looking at drawn cross-sections over the area or in the valley 

morphology. This could have a few explanations, the first discussed is that there 

might not be a fault in the bedrock and what shows up in the LiDAR imagery is 

something else. The second explanation discussed is that the data density is too low. 

This is suggested to be the reason that the fault does not show up in the model and 

two tests were conducted to strengthen this argument. The first showing that the well 

proximity to the fault scarp affects the model as the offset in the bedrock fades out as 

the distance between the wells increases. The second showing what two DTM 

models with different resolution over the area with the highest data density looks like. 

They are produced from the calculated 3D model and have a pixel size of 150 m2 

(the pixel size recommended by the program) versus 25 m2 (chosen to test how the 

model responds to a smaller pixel size). In neither of the DTM models, would a small 

landscape feature like a 5 m high scarp appear.
 

 
This study is consistent with other studies (Wu, Q. & Xu, H. 2002 & Caumon, 

G. et al. 2009) suggesting that making 3D models for a specific area can be hard 

when using only well data.  Generally, a much higher quantity of data points is 

needed to show detailed geological features like small-scale faults.
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