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Abstract

The Laisvall Pb-Zn sandstone-hosted deposit is located in the autochthonous rocks at the Eastern 
Front of the Swedish Caledonides. Amounted to 64 Mt at 4,6% Pb, 0,6% Zn and 9 g/t, it is the 
largest known deposit of this type.
The  global  tectonic  history  of  the  Caledonian  Orogen  is  rather  well  known.  Despite  the 
mineralisation processes at Laisvall have been extensively studied, a satisfactory genetic model in 
the tectono-stratigraphic frame of the Caledonides is yet to be proposed. Review of previous studies 
and construction of a 3D sedimentary model enabled defining the key geological requirements for 
favourable hosts. On the other hand, interpretation of geophysical magnetic data helped identifying 
such geological suitable targets for future regional exploration. These consideration laid the basis of 
a constructive review of the genetic model from available studies.
Stratabound mineralisation occurs in the two lowermost permeable units, that happen to be the 
cleanest clay-free sandstone members.  The lowermost  Kautsky Ore Member which is  the most 
important orebody, rests on the flank of a basement high while the second orebody (Nadok Ore 
Member) appears to be tightly linked to the Nadok normal fault. 
A fluid-basement interaction mineralising model is proposed. This model, updated after Kendrick et 
al. (2004), invokes an oilfield brine expelled from a deep sedimentary basin during the Caledonian 
Orogeny. It would be driven through the permeability-enhanced fractured basement to the site of 
mineralisation where it infiltrates the sandstone unit through reactivated Proterozoic basement faults 
during Scandian compression.  Precipitation of  sulphides  in  the aquifer  would result  from fluid 
mixing  processes  between  the  basement  expelled  metal-rich  brine  and  a  fluid  resulting  from 
reduction of trapped seawater in the sandstone.
It  is  herein  demonstrated  that  synsedimentary  faulting  could  account  for  mineralisation  in  the 
Nadok Member separated from the Kautsky Member by a clay-rich impermeable sandstone.
Ore controlling factors were also weighted. Basement paleotopography is of major importance on 
the ore localisation and directly governs the depositional environment of the favourable host units.
A prospectivity map is  produced over  a  100x50 km area  around Laisvall  to  help  focus  future 
regional exploration in the autochthonous rocks of the Caledonian Front.
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Geological and geophysical characteristics of the Pb-Zn sandstone-hosted autochthonous Laisvall deposit in the perspective regional 
exploration at the Swedish Caledonian Front

1) Introduction  

1.1) Laisvall in figures  

The  Laisvall  deposit  is  located  hundred 
kilometres south of the Arctic Circle, between 
longitudes  16°  and  18°E  (Fig.  1).  Like  few 
other  Pb-Zn  sandstone-hosted  deposits,  it  is 
located along the eastern margin of the Swedish 
Caledonides,  called  the  Caledonian  front. 
Despite  remote  location  and sub-arctic  setting 
challenging exploration, the ore was discovered 
in  1938  using  boulder  tracing  followed  by 
diamond  drilling.  Mining operations  ran  from 
1942 to 2001. During 50 years, 64 Mt of ore at 
4%  Pb,  0.6%  Zn  and  9  g/t  Ag  has  been 
extracted. Alongside the mining operations, the 
ore  body  and  its  direct  neighbourhood  were 
intensively  studied  using  diamond  drilling 
techniques. A database of more than 1 200 core 
logged drillholes, over an area of 14x7 km, is 
available.

1.2) Brief geological settings  

The Pb-Zn deposits along the Caledonian front 
lie  within  relatively  undeformed  Late 
Precambrian  to  Cambro-Ordovican 
autochthonous  sediments,  which  rest 
unconformably  on  an  eroded  Proterozoic 
basement on the western passive margin of the 
ancient  Baltica  continent.  This  sequence  is 
overlain  by  parautochthonous  and 
allochthonous  rock  units  belonging  to  a 
complex nappe-system that  formed during the 
Caledonian Orogeny (Gee, 1975).

1.3) Purpose of the present work     

The present  work  aims  at  defining  geological 
and geophysical features that are characteristic 
of  the  Laisvall  deposit.  This  would  help 
defining  typical  geological  and  geophysical 
signature  of  Laisvall-type  deposit  in  the 
autochthonous  rocks  at  the  Caledonian  Front. 
Regional exploration on Laisvall-type deposits 
in  the  Swedish  Caledonides  would  then  be 
facilitated.
To fulfil this goal, the work carried out during 
the  four  months  that  lasted  the  project  was 
organised in seven steps.
(1)  Literature  and  studies  available  about 
Laisvall were thoroughly reviewed.
(2) Fourteen relevant drill cores were re-logged 
to get acquaintance with the local geology and 
mineralization characterisitcs.
(3) Eight detailed cross-sections were produced 
in order to get better constraints and understand 
local tectonics before 3D modelling.
(4)  A database  of  1,200 exploration  drillholes 
was  compiled  in  order  to  benefit  from 
geological  mapping  and  interpretation  by 
Boliden geologists.
(5) Based on the above-mentioned database and 
cross-sections a 3D model was built. As a 3D 
model  of  grade  distribution  was  already 
available  (Lucks,  2004),  the goal  was here to 
focus on the geological settings to get a better 
understanding  and  highlight  characteristic 
features  of  the  Laisvall  deposit.  The  CAD 
software used for the model is gOcad.
(6) Based on the work provided by Mikko Mali 
(Boliden  geophysical  department), 
aeromagnetic data was interpreted in the light of 
the  geological  and  3D  model  framework  to 
highlight  geophysical  characteristics  of  the 
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Fig. 1: Distribution of Pb-Zn sandstone hosted deposits  
along the Caledonian front. (modified after Rickard & 
al. 1979).
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Laisvall deposit.
(7) Eventually, to conclude with all the previous 
conclusions  were  put  into  application  to 
produce  a  prospectivity  map  of  the  Laisvall-
field,  an  area  covering  100x40km  at  the 
Caledonian  front  around  Laisvall.  This 
prospectivity  map  aims  at  targeting  potential 
areas  hosting  Laisvall-type  mineralization  in 
autochthonous rocks.

1.4) Previous Works  

Since the discovery of  the Laisvall  deposit  in 
1938, many studies have been conducted on it. 
Among these, the tectonic evolution at Laisvall 
was  described  by  Kautsky  (1940 &  1945), 
Ljungner  (1946  &  1950),  later  reviewed  by 
Lilljequist  (1973)  and  Romer  (1992).  The 
overall  tectonic  framework  of  the  Caledonian 
Orogeny  was  specified  by  Roberts  (1985 & 
2003).  The  autochthonous  sediment  sequence 
was  studied  in  detail  by  Willdén  (1980). 
Mineralization  texture  and  ore  controls  have 
been  completed  by  Grip  (1954 &  1967)  and 
complemented by Rickard & al. (1979) while a 
fluid  inclusion  study  conducted  by  Lindblom 
(1982)  gave  evidence  on  the  ore  forming 
environment and processes.
In 2004, Lucks reinterpreted the relationships of 
the  deposit  with  respect  to  the  structural  and 
sedimentological history.  This was based on a 
3D metal grade repartition study.

Besides  abundant  literature,  geologists  in 
Boliden  Mineral  AB  have  produced  detailed 
geological  maps,  cross  sections,  tunnel  maps 
and logs over 1 200 exploration boreholes.

2) Geological Overview  

This part presents a chronological overview of 
the geological events within the Laisvall area. It 
does not aim at bringing new concepts or ideas 
but  merely  gives  a  review  focusing  on  local 
sedimentation and tectonics  from Precambrian 
to Silurian time.
The  Laisvall  area  first  underwent,  during 
Cambrian,  a  quiet  period  of  transgressive 
sedimentation on a passive margin. It was then 
uplifted,  faulted  and  eroded  by  successive 
compressional  stages  during  the  Caledonian 
orogeny. 

The Stratigraphical review is based on previous 
works  by  Lilljequist  (1973),  Rickard  &  al. 
(1979) thoroughly completed by Willdén (1980) 
while  the  tectonic  one  relies  on  studies  by 
Roberts  (2003),  Lucks  (2004)  and  Romer 
(1992). Personal and detailed core observations 
locally complete the former.

2.1) Proterozoic : Basement emplacement.  

The  lowermost  rock  unit  of  the 
Autochthonous  sequence  is  the  crystalline 
Proterozoic  basement.  These  intrusive  rocks, 
dated at 1625±45 Ma (Welin & al.,  1971), are 
granitic  and  syenitic  in  composition.  This 
basement  was  affected  by  regional  faulting 
resulting in NW(and NNW)-SE and NNE-SSW 
striking  faults.  The  tectonic  regime  of  these 
faults will be discussed later. Before deposition 
of  the  Ackerselet  Formation  (Fig.  3),  the 
basement was levelled and weathered.
The paleosurface was rather flat except for few 
small  hills  trending  NNW,  affected  by  NNE-
SSW faults, which Romer (1992) proposed to 
control the basement paleotopography (Fig. 2). 
Thereafter, the basement was weathered and a 
thin soil cover developed (Willdén 1980).
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Fig. 2: Reconstruction of the basement  
paleotopography, modified after Willdén (1980). Arrows  
point toward two basement faults.



Geological and geophysical characteristics of the Pb-Zn sandstone-hosted autochthonous Laisvall deposit in the perspective regional 
exploration at the Swedish Caledonian Front

2.2) Proterozoic and Cambrian :   
Autochthonous sedimentation

The  Ackerselet  Formation  (Fig.  3)  rests 
unconformably on the basement,  as shown by 
erosion  and  reworking  of  the  underlying  soil 
and weathering products of the basement. It is 
defined as a sequence of feldspathic sandstones 
coarsely  grained  with  conglomeratic  events 
including  basement  blocks.  This  formation  is 
between seven and nine metres thick but thins 
up to few decimetres toward the basement hills. 
It  has  been  interpreted  to  be  glaciofluviatile 
sediments by Willdén (1980).
The  Ackerselet  Formation  is  overlain  by  the 
Såvvovare Formation,  thought to be of Lower 
Cambrian  age.  The  formation  can  be  divided 
into 5 members (Fig. 3):
The first one, the Saivatj Member, is a pebbly 
shale with dropped stones. The first 3-4 m from 
the  base  are  grey shales  alternating  with  thin 
layers  of  coarse  sandstone.  The  next  6-7  m 
consist  of  dark  grey  shales  very  finely 
laminated  with  scattered  quartz  grain. 
Eventually the upper part of this member (3-4 
m thick) marks a transition in lithology, where 
reddish-brown and green shales alternate with 5 
to 10cm thick sandstone layers.  The latter  are 
very  similar  to  the  Kautsky  Member.  The 
overall  unit (12m thick) pinches on the NNW 
trending  basement  hills  on  the  East.  It  have 
formed  in  a  glaciomarine  environment 
(Willdén, 1980).
The  second  section,  Kautsky  Member  or  so-
called  Lower  Sandstone,  is  a  white,  medium-
grained, fairly well sorted quartz sandstone with 
thin intercalated green and grey clay layers. The 
clay  layers  are  hardly  thicker  than  a  few 
millimetres  and  their  frequency  decreases 
toward the top. Tidal bundles can be observed 
in drill cores in the lower half of the formation, 
whereas in the upper part, where beddings are 
difficult  to  see,  clay  layers  appear  as  flasers. 
The Kautsky member is 25 m thick and thins 
toward  the  basement  hills.  It  has  been 
interpreted as “an offshore bar-beach-tidal flat 
complex” (Willdén, 1980)(Fig. 3).
The  Tjalek  Member  or  Middle  Sandstone 
overlays the Kautsky Member. It is made of a 6-
8  m  thick,  grey  and  clayey  medium  grained 
Sandstone.The  basal  conglomerate  of  the 
Middle Sandstone is a thin (10-20 cm) quartz 
conglomerate  with  a  slightly  erosive  bottom 

contact that can be used as a transitional marker. 
Unlike  the  Kautsky Member,  the  thickness  of 
the  Tjalek  Member  shows  important  lateral 
variation from two to twelve metres. It has been 
interpreted  as  sandy  tidal  flat  sediments 
(Willdén, 1980) (Fig. 3).
The  fourth  unit,  Nadok  Member  or  Upper 
Sandstone, is a dark grey erosive sandstone (6-
8m  thick).  The  sandstone  is  organised  in  5-
15cm  grain-size  decreasing  sequences  from 
granule  to  medium-grained  sand,  up  to  fine 
grain  locally.  However,  siltstone  is  also 
encountered. This member is suggested to have 
deposited  under  “tidal  influenced  shoals  and 
channel  complex”  (Willdén,1980).  The  cross-
stratified  coarser  units  are  thus  interpreted  as 
current ripples in large shallow channels, while 
the finer ones deposited on the margins, and the 
siltstone on the shoals. 
The  fifth  and  stratigraphically  highest  unit, 
Assjatj  Member,  is  a  conglomerate  of  coarse 
and  very-coarse  quartz  grain  mixed  with 
phosphatic  and  dark  shale  pebbles.  This 
decimetric to metric member is thought to have 
formed into an exposed beach environment with 
protected  shore  lagoons,  from  where 
phosphoritic debris are derived, later submitted 
to wave erosion (Willdén, 1980).
The Såvvovare Formation is overlain by a forty- 
metres-thick  sequence  of  shale  and  siltstone 
with  scarce  centimetric-scale  sandstone  layers 
in  which  humocky  cross-stratification  can  be 
seen in the first ten metres from the base. This 
late  Lower  Cambrian  sequence  is  named 
Grammajukku Formation. According to Willdén 
(1980),  it  records  the  transgressive  event  that 
took  place  in  Laisvall  from  exposed  beach 
(Assjatj  Member)  to  a  deeper  open  sea 
environment.
Eventually,  the  autochthonous  sequence  is 
terminated  by  an  organic-rich  black  shale, 
called Alum Shale (Middle to Upper Cambrian). 
These metal-rich graphitic shales (Anderson & 
al.,1985)  acted  as  thrust  surface  during  the 
Caledonian Orogeny. Thus it is barely preserved 
on place and in  general highly reworked.

This Autochthonous sedimentary sequence was 
deposited while the two continents, Baltica and 
Laurentia,  were  rifting  apart.  As  the  Iapetus 
ocean  spread,  this  transgressive  sequence 
deposited on the passive margin of Baltica.
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Fig. 3: Brief geological history of the Laisvall area. The stratigraphy and the depositional environments of the  
Autochthon are modified after Willdén (1980) and Rickard et al. (1979). The tectonic evolution is from Roberts (2003).
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2.3) Ordovician-Devonian  

Spreading of the Iapetus Ocean culminated in 
Late  Cambrian.  From  then,  Baltica  and 
Laurentia  started  to  converge,  eventually 
leading  to  continental  collision  through  the 
Caledonian  Orogeny  and  collapse  of  the 
mountain  range  during  the  Devonian(Fig.  3). 
This  orogeny  has  been  fully  described  by 
Roberts  (2003),  who  describes  four  major 
compressive events and an extensional one.

Only  the  last  compressional  event,  Scandian 
(mid-Silurian  to  early  Devonian),  is  of  major 
interest at Laisvall. After the complete closure 
of  the  former  Iapetus  ocean,  the  two  plates 
collided obliquely causing rapid subduction of 
the  Baltoscandian  margin  beneath  Laurentia. 
The Scandian event caused transportation (up to 
several  hundred  kilometres)  of  several  thrust 
sheets  carried  in  a  piggy-back  fashion  onto 
Baltica.  For  a  thorough  description  of  this 
allochthon nappe complex, the reader is referred 
to Gee (1975) or Roberts (1985).
This event is assumed to either act as a driving 
force  for  mineralizing  fluid  in  its  early  stage 
(Rickard  &  al.,  1979),  or  create  basement 
permeability for metalliferous fluids in its late 
stage (Romer, 1992).
The  first  expression  of  the  Scandian 
compression  was  extensional  faults  resulting 
from lithospheric flexure of the Baltica margin 
due to westward nappes loading(Fig. 9). In its 
late stage, it established a compressional regime 
which  initiated  local  small  scale  thrusting 
overridden  and  eroded  by  eastward  carried 
allochthon nappes (Lucks,2004). 
Eventually,  the  compressional  events  were 
followed by orogenic collapse during Devonian 
time, characterised by extensional and sinistral 
shearing (Roberts,2003).

3) 3D Model  

3.1) Purpose  

Among the large amount  of  studies  that  have 
been dealing with Laisvall, only Lucks (2004) 
produced a 3D modelling. His work is based on 
a 3D grade repartition aiming at reinterpreting 
the relationship between the ore body and the 
structural  and  sedimentological  frames.  No 

further modelling was conducted on the actual 
geology.
This  part  aims  at  reinterpreting  previous 
statements  that  were  made  on  the  Laisvall 
geology in an exploration perspective. It tries to 
highlight  structural  and  geological 
characteristics  that  would  bring   a  new 
interpretation of the local structural settings and 
genetic processes.
A 3D geological model of Laisvall was created 
for  this  purpose.  The  study  focuses  on  the 
autochthonous part, and is centred on a densely 
drilled area.

3.2) Workflow  

Since  there  is  over  1200  logged  drillholes 
covering  the  Laisvall  field,  it  was  relevant  to 
interpolate  surfaces  for  each  lithological  unit 
from  drillholes  rather  than  from  sole  cross-
section.  Thus  a  computer  database  was  to  be 
compiled from the log sheets. 
It was decided to report two depth indication for 
each lithological layer in the drillholes : depth 
of  the  floor  and  depth  of  the  roof.  This  was 
done in order to simplify the modelling due to 
the short time granted. It leads to unique contact 
surfaces  (floor  and  roof)  regardless  the 
structural setting. Besides, in the database there 
are two sets of 'no data' :  on the one hand a lack 
of  data  due  to  a  short  borehole,  and,  on  the 
other hand the absence of the stratigraphic unit 
due to a lack of sedimentation or later tectonic 
process.  But since the CAD software was not 
able to handle those two kinds of information, 
these data were ignored during the interpolation 
process.  This  resulted  in  creation  of  surfaces 
where  no  sedimentation  was  recorded. 
Consequently,  the  model  had  to  be  corrected 
not only for tectonics but also for this.
In  addition,  no  coherent  and  consistent 
geological  description  of  the  allochthon  is 
available. This is a consequence of an evolutive 
and  step-by-step  breakthroughs  in 
understanding the local geology during the 50 
years that exploration lasted in the area.  Thus 
the  model  only  contains  a  unique  allochthon 
unit and therefore focuses on the autochthonous 
sediments. 
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Fig. 4: A) Summary of the 3D modelling process from data compilation to the final model. B) Legend for all  
3D model pictures in the report.Each layer represent the top of each stratigraphic unit.
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Fig. 5: Screenshots of the 3D model. 

A) Display of the pinch of the Saivatj Member toward the  
basement topographic highs.  
B)  Mineralisation position (blue outline)  relative  to  the  
basement  topography  and  the  major  structural  
disturbances.  
C) Total Magnetic Intensity shows strong correlation with  
basement topography.   
D) Deformation of  stratigraphical units parallele to the  
basement  topography.  Note  the  pinch  of  the  Saivatj  
Member and the wedge of the Kautsky Member against  
the  basement  high,  both  figures  inherited  during  
sedimentation. Legend available on the previous page to  
interpret the different layers.
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Eventually,  for  simplification  during 
importation  of  data,  all  drill-holes  were 
assumed to be vertical and those presenting too 
important a deviation were removed. In order to 
have  better  constrain  on  the  model  and  to 
improve the  understanding,  cross-sections  and 
geophysical data were added.

The  whole  process  can  be  summarized  as 
follows : target area selection, data compilation, 
importation  and  interpolation  in  gOcad, 
removal  of  the  over-sized  surface  parts, 
structural interpretation (Fig. 4,A).
These limitations, due to the time granted and 
the  quality  of  the  data,  led  to  a  qualitative 
model  rather  than  a  quantitative  one.

3.3) Observations  

First of all, the 3D model shows a thinning and 
pinching  of  the  three  lowest  autochthonous 
sedimentary  units  (Ackerselet  Formation, 
Saivatj Member and Kautsky Member) toward 
the basement highs. Figure  5A&D shows how 
the  Saivatj  Member  pinches  out  on  the 
basement hills.
The model shows that while the autochthonous 
units  are  deformed  parallel  to  the  basement 
topography  (Fig.  5,D),  the  allochthonous 
nappes does not display any correlation with the 
underlying units(Fig. 4, Final product).
Figure 5B presents two main faults: the Kautsky 
disturbance  and  the  Nadok  disturbance.  The 
Kautsky fault  is  a steeply dipping small  scale 
thrusting and the Nadok fault is a normal fault 
with  a  twenty  metres  vertical  offset.  The 
particulars  will  be  discussed  in  the  part 
dedicated to the structural geology.
Figure  5B reveals  that  the  mineralization  is 
bounded between the basement high in the east 
and the Kautsky disturbance in the western part. 
It  is  also  remarkable  that  the  mineralization 
appears as two N-S trending elongated bodies. 
It  is  worth comparing the trend of the Nadok 
normal fault with the basement topography(Fig.
5,B)  which  are  almost  parallel.  In  this  same 
picture (Fig. 5,B), the Kautsky disturbance  is 
roughly  striking  NNE-SSW  with  a  segment 
striking NW-SE at its northern end. The latter 
observation  must  be handled with care as  the 
density of data is very low in this part and thus 
the model poorly constrained there.

Figure  5C shows a strong correlation between 
the basement highs and the local high magnetic 
anomalies.
Eventually, a local depression is lined up with 
the NW-SE trending local high (Fig. 6). A plane 
containing both structural anomalies would be 
striking NW-SE.

 

3.4) Consequences  

The thinning and pinching toward the basement 
highs  observed  in  the  lowermost  units  of  the 
autochthon implies a similar topography during 
sedimentation. This observation is in coherence 
with the few 50 m hills on a flat plain forming 
the  depositional  environment  described  by 
Willdén (1980).

Boliden Mineral AB – L.T.U. - E.N.S.G. p.10/32

Fig. 6: NW-SE striking line linking a positive and a  
negative topographic anomalies in the autochtonous  
rocks. Insert : Slice in the autochthonous rocks through  
the positive anomaly.
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Courtesy “Branko Corner geophysics Namibia, 2007.

Fig. 7: Influence of the different stratigraphical units on the Total Magnetic Intensity (TMI) around the ore body (Brown line). A)  
Alum shale thickness (contour lines spacing 5m) over the TMI. B) Magnetic susceptiblites range of various rock types. C)  
Allochthon thickness (contour lines spacing 10m) over the TMI. D)  Allochthon thickness (contour lines spacing 10m) over the  
topographical map.
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C) D)

Courtesy of Branco Corner Namibia, 2007.
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There is a strong correlation between basement 
topography  and  the  aeromagnetic  signature 
(Fig.  5,C).  A  comparison  of  magnetic 
susceptibilities  (Fig.  7,B)  shows  that 
sedimentary  rocks  and  granites  could  have 
between  zero  and  four  orders  of  magnitude 
difference.  Considering  that  in  Laisvall  the 
autochthonous  sediments  are  partly  composed 
of  pure  quartz  (Såvvovare  Formation  :  >85% 
SiO2), one can assume a magnetic susceptibility 
in  the  lower  half  of  the  sediment  field.  It  is 
worth  noticing  that  in  the  mine  area,  the 
basement high is  just  below the river,  so in a 
topographic  low.  Moreover  the  Alum  Shale 
Formation does not affect the magnetic data as 
shown  in  (Fig.  7,A)  where  no  correlation 
between  the  formation  thickness  and  the 
magnetic  data  can  be  drawn.  A  similar 
comparison made between the allochthon nappe 
thickness and magnetic data. One might see a 
very slight correlation showing a decrease in the 
Total Magnetic Intensity (TMI) when the nappe 
complex  gets  thicker  (Fig.  7,C).  But  the 
allochthon  thickness  is  rather  perfectly 
correlated with the topography(Fig. 7,D). Thus 
the  magnetic  variations  are  showing  the 
basement depth variation :  the shallower it is, 
the stronger the anomaly.

Except for the structural disturbances within the 
autochthonous  sequence  (Nadok,  Kautsky  & 
transform faults),  the  basement  topography  is 
very  similar  to  the  paleotopography 
reconstructed by Willdén (1980) (Fig. 2,p.7). 
This latter observation along with the thinning 
of  the  Kautsky  Member  and  the  Ackerselet 
Formation  toward  the  basement  highs  are 
consistent with the actual relief of the basement 
inherited from the paleotopography.

The other previously made observation will be 
discussed  further  when  needed  in  the  parts 
dedicated  to  the  mineralization  and  to  the 
structural geology.

4) Structural geology  

4.1) Introduction  

In  this  part,  the  structural  events  and  their 
timing  will  be  reviewed  and  discussed,  with 
emphasis on the local tectonics that affected the 

autochthonous  sediments.  Regional  tectonics 
will  only  be  mentioned  when  they  may  be 
correlated with the local structures. For detailed 
information on the regional tectonics, the reader 
is  referred  to  Roberts  (1985)  and  Roberts 
(2003).
The  relevant  literature  about  local  tectonics 
comprises articles  from Rickard & al.  (1979), 
Lilljequist  (1973),  Romer  (1992)  and  Lucks 
(2004).  These  studies  led  to  several 
interpretation on the timing of the fault activity 
in relation to mineralization and sedimentation.

4.2) Tectonic review  

Ljungner  (1946)  suggested  that  the  basement 
paleotopography was due to pre-sedimentation 
faulting  which  was  initiated  during  Riphean-
Vendian time (Kumpulainen & Nystuen, 1985). 
This assessment was later confirmed by Willdén 
(1980)  based  on  petrographical  study  of  the 
basement  and  observation  of  the  regional 
structural settings. This early faulting appears as 
two sets of faults. One widespread set striking 
from  NW-SE  to  NNW-SSE  and  another  set 
striking NNE-SSW. Though they are assumed 
to  have  normal  kinematics,  strike-slip 
component may not be excluded either.
Furthermore, according to Ljungner (1946), the 
faulting was not restrained to Precambrian time 
but  continued  during  Cambrian  time  and 
affected  sediment  deposition.  This  suggestion 
was later supported by Lilljequist (1973) while 
Rickard  &  al.  (1979)  favoured  faulting  to 
postdate  mineralization  and,  consequently, 
sedimentation. 
Romer (1992), interpreted slumping structures, 
described  by  Grip  (1954),  in  the  Lower 
Sandstone as indicative of tectonic movements 
during  sedimentation.  In  addition,  different 
crustal segments, separated by NW-SE striking 
faults, had different subsidence rate as attested 
by the contrasting lithologies from one segment 
to  another  (Bax  &  al.,  1991).  Lucks  (2004) 
stated that although main fault movements took 
place during the Scandian compressional event, 
the earlier  small-scale movements may not be 
excluded either. 
The  Scandian  event  (Mid  Silurian-Early 
Devonian) can be divided into two main phases 
at Laisvall. First, the basement faulting, normal 
and inverse movement, led to parautochthonous 
nappe  emplacement  (Lucks,  2004).  Second 
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phase, overthrusting of long way carried nappes 
which  eroded  the  parautochthonous  nappes 
(Lucks,2004 and Romer,1992).

4.3) Personal observations  

Lucks  (2004)  divided  the  Nadok  disturbance 
into  four  segments  striking  between  NW and 
NE with a throwing to the west. Romer (1992) 
suggested  these  faults  to  be  reactivation  of 
presedimentary faults.  The 3D model  was not 
able  to  distinguish  several  segments.  The 
smoothed normal faults yet fits well with Lucks 
observations.  The  Nadok  disturbance  is 
strikingly parallel  to the basement  topography 
(Fig. 5,B).
Figure 5D shows small scale deformation of the 
autochthonous  sediments  parallel  to  the 
basement.  Willdén  (1980)  suggested  this 
deformation  to  be  related  to  differential 
compaction  of  the  sediments.  It  can  as  well 
result from small scale reactivation of previous 
fault  zones  at  any  time  between  sediment 
deposition and present time.

A line connecting two topographic anomalies in 
the autochthonous sediments is observed in the 
3D model  (Fig.  6).  It  strikes  NW-SE,  and,  if 
extended,  connects  with  NW-SE  regional 
basement  fault.  These  topographic  anomalies 
are  interpreted  as  flower  structures  resulting 
from  NW-SE  transform  faulting.  Indeed,  the 
local high, previously referred as Peak island, is 
pretty  steep  and  small  in  an  area  where  the 
basement  is  rather  flat  due  to  erosion  before 
sediment deposition. The cross-sections (Fig. 8) 
suggest  two  separate  faulting  events  :  one 
before  or  during  the  onset  of  sedimentation 
(Late Proterozoic to Early Cambrian) and a later 
one after the deposition of the Assjatj Member. 
A synsedimentary faulting is suggested by the 
“flattened”  cross-section  (flattening  layer 
defined  by  Willdén,1980)  where  the  Tjalek 
Member, is deformed parallele to the basement 
topographic  anomaly(Fig.  8,C).  Pre/syn-
sedimentary  faulting  is  also  supported  by 
Boliden's geologists who attributed the absence 
of Ackerselet Formation due to fault movement 
as  observed in  a  drillhole  very close  to  Peak 
Island.
It  is  suggested  that  the  two  positive  and 
negative  anomalies  formed  respectively  under 
transpressional  and transtensional  stress.  Such 

stresses  would  relate  to  a  NW-SE  striking 
transform  fault  which  was  active  before 
sediment  deposition,  and  later  reactivated 
during  Caledonian  orogeny.  It  is  herein  also 
suggested that a small tectonic reactivation took 
place during sedimentation. Such reactivations, 
yet suggested by Romer (1992), are consistent 
with  a  passive  margin  setting  during  Lower 
Cambrian.  This  synsedimentary  transform 
faulting  would  however  require  further 
investigation to be confirmed.

The  3D  modelling  process  led  to  the 
identification of three new faults. The main one, 
previously discussed, NW-SE striking transform 
fault. The others are situated S-W of Laisvall : a 
NNW-SSE normal fault with a vertical throw of 
30m and a NW-SE transform fault. These two 
last faults, delineated from a limited number of 
data out of the mine stoppes, must be handled 
with care (Fig. 8,B).

4.4) Conclusion  

Based  on  a  review  of  previous  work  and 
construction of a 3D model, it was possible to 
reconstruct the structural framework in Laisvall. 
Although most of the structural features that can 
be observed in Laisvall  are resulting from the 
Scandian  compressional  event,  it  is  here 
suggested that they originate from reactivation 
of  Precambrian  to  Cambrian  fault  zones.  The 
following is a summary of the tectonic history 
in the Laisvall field.
After  the  emplacement  of  the  Precambrian 
crystalline  basement  at  1.6  Ga,  and  prior  to 
sedimentation in Cambrian time, two major set 
of  faults  formed;  one  set  striking  NW-SE  to 
NNW-SSE and another one striking NNE-SSW. 
They  were  thought  to  be  normal  faults 
(Ljungner,  1946). However, to create lined up 
localized low and highs, a shear component on 
the NW-SE striking faults is here advocated as 
suggested  by  the  flower  structures(Fig.  8). 
Combined with erosion,  it  resulted in a rather 
flat peneplain except for few fifty metres high 
hills.
It is then suggested that these faults underwent 
metre-scale  reactivation  during  sedimentation 
while the two continents Baltica and Laurentia 
were rifting apart.
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Fig. 8: A)Cross-section through the flower structure. B) updated structural map of the Laisvall mine. C) cross-section  
through the flower structure flattened using the Assjatj Member as reference layer.
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The  impact  of  the  first  three  major 
compressional  events  (Gee,  1975),  during  the 
Caledonian orogeny, is not recorded in Laisvall. 
During  the  Scandian  event,  the  Laisvall  area 
first underwent extensional deformations due to 
lithospheric flexure of the Baltica Margin due to 
westward  nappes  loading  (Fig.  9)  .  It  is  here 
suggested  that  this  extensional  regime 
reactivated  early  basement  faults.  During  this 
stage  the  Nadok  disturbance  and  the  positive 
flower  structure  underwent  activity leading to 
their present situation (Fig. 8, B).
This  stage  was  followed  by  a  compressional 
event  responsible  for  the  Kautsky disturbance 
that  locally  affected  and  disrupted  the  Nadok 
fault plane.
Eventually, during the late stage of the Scandian 
event,  the  whole  area  was  overthrusted  by 
eastward carried nappe complex.
No evidence  of  the  orogenic  collapse  has  yet 
been recorded in the Laisvall area.

5) Mineralization  

Mineralization and related processes have been 
extensively  studied  in  Laisvall  as  most 
publications  dealing  with  Laisvall  focused  on 
them. Since the present study does not focus on 
the  mineralizing  processes,  no  new  data  or 
observations  will  be  presented  here.  Instead, 
this  chapter  will  first  review  the  abundant 
literature of the past  four decades and present 
the  various  advocated  models.  These  models 
and  assumptions  will  then  be  reflected  and 
evaluated against other aspects as put forward 
in this study.
The first attempt to interpret genetic processes 

was made by Grip (1967). Additional relevant 
studies  and  complementary  models  were 
produced  by  Rickard  et  al.  (1979,1981), 
Lindblom (1982), Romer (1992), Lucks (2004) 
and  Kendrick  et  al.  (2004).  Despite  the 
successive investigations, no model has so far 
satisfactorily  explained  the  origin  of  the 
Laisvall deposit.

5.1) Review  

The Laisvall mineralisation is a stratitform lead-
zinc  deposit  occurring  in  the  Såvvovare 
Formation. The deposit can be divided into two 
stratabound  orebodies  located  in  the  Kautsky 
Member and in the Nadok Member. Like most 
other  known  occurrences  at  the  Caledonian 
Front  (Fig.  1),  the  Pb-Zn  mineralization  is 
found  in  the  lowermost  clean  sandstone  unit 
(Rickard  et  al,  1979)  but  occurrences  of 
mineralized veins in the basement are reported 
as  well  (Romer,1992).  In  addition,  few  vein-
type  mineralisations  are  reported  in  the 
Ackerselet formation, both in the autochthonous 
and lower allochthonous units (Romer, 1992).
Ore minerals fill the intergrain porosity of the 
host  rocks.  Galena  occurs  as  millimetric  to 
decimetric  spots  fairly  well  distributed  in  the 
homogeneous  sandstone  units  (Rickard  et 
al.,1979). However, mineralisation can occur as 
crack-filling  (Rickard  et  al.,  1979  ;  Willdén, 
1980).  In  both  members,  the  mineralization 
tends  to  follow  the  sedimentary  bedding. 
Rickard et al. (1979) made a thorough study of 
the relationship between sedimentary structures 
and ore distribution.
The  Kautsky  member  is  mainly  lead 
mineralized ( 4,62% Pb, 0,24% Zn and Pb:Zn is 
19:1 ; Lindblom,  1982). Where clay layers are 
present,  galena  tends  to  accumulate  at  their 
contact.
The Nadok member is mainly zinc-mineralised 
(3,53%  Pb,  1,51%  Zn  and  Pb:Zn=2,3  ; 
Lindblom,1982).
Galena and sphalerite rarely occur together and, 
the latter is generally offset to the west of the 
galena mineralization (Rickard et al.,1979). 
Alongside galena and sphalerite, other minerals 
include  :  pyrite,  calcite,  barite,  fluorite  and 
quartz. As the different minerals tend to exclude 
each  other,  there  is  no  accepted  paragenetic 
sequence. However, several propositions can be 
found in Rickard et al. (1979), Lindblom (1982) 
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Fig. 9: Normal faulting due to litospheric flexure triggered by  
nappes loading further west during continental collision,  
(Bradley et Leach, 2003).
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and Lucks (2004). Lindblom (1982) pointed out 
that  barite  is  not  directly  linked  to  the 
mineralisation and only occurs in veins.
Despite variations in the Pb-Zn content, the two 
ore members bear strong similarities (Rickard et 
al.,  1979;  Lucks,  2004)  suggesting  they  were 
formed by same processes.
Even though mineralization is economic only in 
the  Nadok  and  Kautsky  Members,  other 
mineralised  occurrences  are  reported  in  the 
Ackerselet Formation, the Saivatj Member and 
the Tjalek Member (Rickard et al., 1979 ; Lucks 
,2004),(Fig. 3). Mineralization is thus, reported 
in  all  the  geological  formations  between  the 
basement and the Grammajukku Formation but 
the  cleanest  and  hence  most  permeable  units 
favoured economic mineralization.

Lindblom  (1982)  showed,  using  fluid 
inclusions,  that  the  ore  body formed  between 
140°C  and  180°C.  Combined  with  sulphur 
isotopic  analysis  conducted  by  Rickard  et  al. 
(1979),  this  led  to  the  fluid  mixing  theory; 
mixing  of  a  metal-rich  sulphate  fluid  and  a 
metal-poor sulphide fluid. 
The  mineralization  age  was  constrained 
between  540  Ma  (Lucks,  2004)  and  424  Ma 
(Sherlock et al., 2005) using Ar-Ar dating on K-
feldspar. In addition, the ore is offset by faulting 
related  to  the  Scandian  compressional  event 
(430-400  Ma)  (Rickard  et  al.,2004;  Lucks, 
2004).
Lead isotopic study, conducted on several lead 
deposits in the Caledonides,  points out a high 
content in radiogenic lead(Rickard et al.,  1981; 
Romer,  1992).  The  isotopic  composition  for 
each  deposit  is  furthermore  aligned  along  a 
mixing  trend  (Fig.  10).  Assuming  an  early 
Paleozoic age for the lead leaching, this gives 
an early Proterozoic age for the source (Romer, 
1992). However it is not possible to tell if the 
Pb-charge  in  the  fluid  results  from  basement 
leaching or from leaching of basement-derived 
sediments.
Eventually mass balance calculation (Rickard et 
al., 1979; Lucks, 2004)  implies a much greater 
volume  of  mineralizing  fluids  than  the  ore 
volume  itself,  implying  migration  of  the 
mineralizing  fluids  to  the  location  of  ore 
deposition.

Consequently, two model classes were proposed 

for  the  genesis  of  the  Laisvall  deposit.  They 
differ in the role of the basement. The first one 
fosters basinal brines assuming an impermeable 
basement  (Rickard  et  al.,  1979;  Lindblom, 
1982)  whereas  the  second  one  pertains  a 
fractured  permeable  basement  to  provide  hot 
brine  at  Laisvall  (Bjørlykke,  1991;  Romer, 
1992; Kendrick et al., 2004; Lucks,2004).

5.2) Deep basinal brine model  

This model relies on  δ34S values for sulphate-
sulfur (δ34S≈15‰ in barite) and sulphide-sulfur 
(  δ34S  :  21-27‰  in  sphalerite  and  galena), 
(Table  1).  Sulphate-sulphur  in  barite  have  the 
same  δ34S (≈15‰) value  as  the  Alum Shale 
pyrite.  It  is  thus  assumed  to  result  from 
oxidation  of  syn-sedimentary  Cambrian 
pyrite(Rickard et  al.,  1979).  Heavier sulphide-
sulphur  (δ34S :  21-27‰ )  are  in  the  range of 
Cambrian seawater  sulphate (Claypool  ,1980), 
which  would  then  have  been  reduced  by 
Thermochemical  Sulphate  Reduction  (TSR)
(Lucks, 2004). Mineral precipitation would then 
have  occurred  from  two  different  fluids  :  a 
sulphate-bearing one and a sulphide one.
The  sulphate,  metal-bearing  fluid  has  a 
composition  similar  to  an  oilfield  brine.  It 
would thus have formed in a deep sedimentary 
basin 100 km west of Laisvall (Romer,  1992). 
This is favoured by the assumed extent of the 
Cambrian  sedimentary  basins  that  extended 
100s  of  kilometres  west  of  the  Precambrian 
passive margin.
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Fig. 10: Lead Isotopic composition for sandstone-hosted  
and vein-hosted lead deposits from the autochthon and the  
proterozoic basement (From Romer, 1992).
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During  the  Scandian  compression,  basinal 
brines  were  expelled  and  migrated  along  the 
Nadok  Member  to  Laisvall  area  where  it 
encountered  the  sulphide  brine  (Fig.  11,A). 
Such  a  model  requires  a  burial  of  several 
kilometres  beneath  Cambro-Ordovician 
sedimentary  successions  at  the  time  of 
mineralization to account for temperatures up to 
200°C  (Romer,  1992).  According  to  Lucks 
(2004),  early  quartz  cementation  infers  the 
mineralization  occurred  at  a  depth  of  3-4  km 
providing  thus  the  appropriate  conditions  for 
mineralization.
This  model  does not  give any information on 
the origin of the metals in the basinal brine.

5.3) Basement interaction models  

These models assume that metals were leached 
directly from the basement. There are two main 
models  differing  on  the  processes  at  stake  in 
driving  the  mineralizing  brine  to  the  ore 
location.

5.3.1) Convective circulation  

The Laisvall deposit is situated above a thorium 
and uranium-rich basement classified as a High 
Heat Producing (HHP) granite.  It  is moreover 
overlain  by  a  cap  rock,  the  Alum  Shale 
Formation,  which  acts,  as  a  barrier  for  fluid 
migration. Bjørlykke (1991) thus proposed the 
HHP granite  was  able  to  generate  convecting 
cells  between  the  cap  rock  (Grammajukku 
Formation)  and  the  basement.  These  allowed 
the  brine  to  leach  metals  from  the 
basement(Fig. 11,B).
Lucks (2004) proposed a similar model where 
the  convecting  cells  circulated  only  in  the 
basement.  The  mineralizing  brine  originated 
from  seawater  that  permeated  through  the 
basement and got trapped within it, at the time 
of the earliest Lower Cambrian Saivatj Member 
unit  deposited.  This  fluid  eventually  made its 
way  to  the  Kautsky  ore  member  during  the 
Scandian event as a result of fault reactivation. 
In  the  Kautsky  Member,  it  encountered  an 
eastward  migrating  oil  field  brine  and  metals 
precipitated  through  fluid  mixing.  Eventually, 
the  mineralizing  brine  got  to  the  Nadok 
Member through a set of fractures. Their origin 
is not understood.

5.3.2) Basement fault interaction  

This model relies on the fact that all the Pb-Zn 
deposits in the autochthonous sediments at the 
Caledonian  Front  occur  in  the  lowermost 
permeable  unit  close  to  basement  transverse 
faults  or   lithologic  heterogeneities.  These 
faults,  active  in  Late  Proterozoic  time  were 
reactivated  during  the  Caldeonian  orogeny. 
Romer  (1992)  suggested  the  basement  faults, 
that  were  reactivated  during  the  Caledonian 
orogeny, acted as conduits for hot metalliferous 
fluids.  Deeply  circulating  groundwater  were 
expelled from the basement during the Scandian 
compressional event. This fluid encountered  a 
TSR-reduced  trapped  seawater  and  metals 
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Fig. 11: Schematic representation of three genetic models  
proposed for the Laisvall orebody (From Kendrick et al.  
2004).
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precipitated  through  the  same  fluid  mixing 
process  advocated  in  the  deep  basinal  brine 
model (Fig. 11,C).
This  model  was  later  favoured,  but  slightly 
modified, by Kendrick et al. (2004) on the basis 
of halogen study. Halogen and fluid inclusions 
study suggest the involvement of at least three 
fluids (Kendrick et al., 2004) : (1) An evaporitic 
metal-bearing  brine  (High  Br/Cl  value) 
originating from a deep sedimentary basin that 
migrated  through  the  basement  during  the 
orogeny.  The  driving  force  of  the  fluid  is 
contraction-related tectonic pumping (Kendrick 
et  al.,  2004).  A  prolonged  fluid-basement 
interaction  is  suggested  by  R/Ra  values, 
4He/40Ar*  values,  elevated  40Ar/36Ar  and  Pb 
isotopic values (Table 1). (2) A sulphide-bearing 
pore  fluid  derived  from  sulphate  in  trapped 
Cambrian  seawater  that  was  reduced  through 
TSR.  (3)  A low  salinity  barium-bearing  fluid 
diluted by meteoric water(Schematic model in 
appendix,Fig. 16).
The  evaporitic  fluid,  circulating  through  the 
permeability-enhanced  fractured  basement, 
would have leached metals from the basement. 
Expelled during the Scandian event to the site 
of  mineralization,  they  encountered  the 
reduced-sulphur-bearing  fluid.  Barite 
precipitation  occurred  at  a  later  stage  when 
meteoric water entered the system (Kendrick et 
al., 2004).

Theses models explain why all the sedimentary 
units  are  mineralized  and  why  mineralized 
veins are found in the basement. Even though 
the  massive  evaporites  are  not  present  in  the 
stratigraphy,  Lower  Cambrian  sedimentation 
environment  was  suitable  for  subaerial 
evaporation  (Kendrick  et  al.,  2004).  Similar 
environment  is  reported  in  Osen  and  from 
coastal  dunes  in  Vassbo  (Wallin,  1989,1990). 
Kendrick  et  al.  (2004),  thus  suggested  that 
suitable  environment  for  evaporites  formation 
was present along all the Balthoscandian Shield 
during Lower Cambrian. Fluid originating from 
dissolution of these evaporites would have been 
trapped in sediments and remobilized later.

5.4) Observations and reinterpretations  

During  this  study,  no  additional  work  was 
conducted  on  mineralization.  The  present 
review  however  triggers  a  need  for  some 

reinterpretation.
In the deep basinal brine model (Rickard et al., 
1979; Lindblom, 1982), the aquifer favoured for 
the brine migration is the Nadok Member, the 
only  regionally  extensive  sandstone  unit.  The 
argumentation  for  this  model  stands  on  the 
impermeability  of  the  Saivatj  Member  that 
would  prevent  fluid  flow from the  basement. 
The Tjalek Member is also impermeable, based 
on  the  same  criteria,  and  will  prevent  from 
downward  or  upward  fluid  migration.  In 
addition, the only ore controlling factor in this 
model is the density of the two involved fluids 
that  either  would  allow  mixing  or  not 
(Lindblom,  1982).  The  mineralization  thus 
occurs  when,  through  heat  transfer  processes, 
the two fluids have equal density and therefore 
independently  of  the  localisation.  If  the 
precipitation is independent of the localisation, 
this model would thus yet have to explain how 
both the Nadok and the Kautsky Member can 
be mineralized through the same process at the 
same location  while  they are  separated  by an 
impermeable layer.
The  present  study  stresses  the  importance  of 
syn-sedimentary  faulting  (chapter  structural) 
creating  zones  of  weakness  in  the  shale  units 
above basement faults, also supported by grade 
distributions  in  the  Kautsky  Member  (Fig.
12,A). It clearly shows how grades follow the 
trend of the basement. Two interpretations are 
possible  :  (1) the grade variation is  related to 
Proterozoic faults that act as feeder zones. (2) 
The  metal-bearing  brine  is  pushed  against 
basement  slope  by  eastward  migrating  fluids 
and precipitates there.
Though  it  is  impossible  to  favour  one  model 
over another, Figure 2 shows the mineralization 
in the Kautsky Member is wedged between two 
Proterozoic  faults  that  affected  the  basement. 
Furthermore  Figure  12B&C,  clearly display a 
link between the grade in the Nadok Member 
and the Nadok fault.
In conclusion a fault-related model is favoured 
as it  would explains the particular location of 
both mineralisations in the Nadok and Kautsky 
Members. It would also explain the location of 
the  Maiva  deposit  which  is  isolated  from 
regional fluid flow in a sealed graben.
The  convective  model  cannot  apply  for  any 
other Pb-Zn deposits than Laisvall, which is the 
only known mineralisation underlain by a HHP 
granite. Furthermore, this model would still
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Table 1 : Summary of available geochemical data and their interpretations

Values Implications
δ34S Sulphides : 20-28‰

Sulphates : 15‰
Sulphide-sulphur values coherent with Cambrian seawater sulphate (Claypool, 1980) while 
sulphates are typical of diagenetic pyrite oxidation (Rickard et al., 1979).

δ18O Sedimentary calcite : 
+13,95±1,12‰
Ore Calcite :
+13,04±1,15‰

Way too low for groundwater related calcite implying a flushing of all the Laisvall area by 
the ore solution (Rickard et al.,1979). 

δ13C Sedimentary calcite : 
-6,63±5,12‰
Ore Calcite :-
12,88±0,89‰

Inconsistency between δ18O and δ13C is coherent with known kinetic in the isotopic 
exchange rate in the CaCO3-CO2 system (Rickard et al., 1979)

R/Ra 0,01 to 0,04 Values typical of crustal fluids (Kendrick, 2004).

[4He] >0,1 cm3 cm-3 H2O Indicates long fuid-basement interaction (Kendrick et al., 2004).

[40Ar*] >0,05 cm3 cm-3 H2O Indicates long fuid-basement interaction (Kendrick et al., 2004).
4He/40Ar* >5 in ZnS Characteristic of  low-temperature crustal fluids (Kendrick et al., 2004).
40Ar/36Ar 6 000-10 000 Long fluid-basement interaction (Kendrick et al., 2004)

Br/Cl 3,2-8,2x10-3 Evaporation of seawater beyond the point of halite saturation (Kendrick et al., 2004)

Salinity 24 wt% No major meteoric water dilution (Kendrick et al., 2004)
84Kr/36Ar 0,04 Long interaction between organic-rich sediments and the fluid (Kendrick et al., 2004).
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Fig. 12: Ore grade distribution from Lucks (2004). A) Lead grade distribution in the Kautsky Member shows strong  
correlation with basement topography. B) Lead grade distribution in the Nadok Member is trending similarly to the  
Nadok fault. C) The Nadok fault affect the grade distribution in the Nadok Member.
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have  to  explain  how  hydrocarbons  can  be 
trapped in fluid inclusions.
No direct link has been observed between barite 
and  Pb-Zn  mineralization  as  barite  occurs 
separately from sphalerite and galena orebodies 
(Lindblom, 1982). Sulphure isotope studies link 
barite sulphate to pyrite oxidation of the Alum 
Shale (Rickard et al.,  1979). In addition, barite 
mineralisation  occurs  in  a  late  stage  after 
dilution  by  meteoric  waters  (Kendrick  et 
al.,2004).  The latter  implies  major  faulting  of 
the  Alum  Shale  cover.  It  is  then  suggested 
herein that the joint-hosted barite mineralisation 
is not related to the Pb-Zn deposit. The major 
consequence is a divergence in the number of 
fluids  involved  in  Laisvall.  Kendrick  et  al 
(2004)  observed  that  just  one  fluid  was 
necessary  to  generate  the  Laisvall  deposit  if 
barite was not genetically related to the Pb-Zn 
orebodies. However, since the conduits are not 
mineralized  (Romer,  1992)  the  fluid  mixing 
processes  are  the  most  reliable  in  order  to 
explain the genesis of such an orebody.

5.5) Conclusion  

After emplacement during Proterozoic times the 
basement  experienced  major  faulting  (normal 
and strike-slip) responsible for its  topography. 
During  Riphean-Vendian  and  Cambrian 
sedimentation on a passive margin, these faults 
underwent  small-scale  reactivation  probably 
due  to  oblique  direction  between  basement 
faults and ocean spreading direction. 

Reduction of the sulphate in trapped seawater in 
Lower Cambrian sandstone must have occurred 
after  sealing  of  the  system by the  Middle  to 
Upper  Cambrian  Alum  Shale  Formation. 
However,  in  Late  Cambrian,  the  sedimentary 
pile  was  not  thick  enough  to  account  for 
temperatures  required  for  TSR  (80°C-200°C, 
Machel et al., 1995). Such a model requires the 
development of a foreland basin above Laisvall. 
However,  Bacteriogenic  Sulphate  Reduction 
(BSR)  has  never  been  considered  in  Laisvall 
and  the  present  author  is  not  able  assess  this 
former choice.
During  the  Caledonian  orogeny,  evaporitic 
brine originating from a deep sedimentary basin 
were carried eastward. These fluids would have 
migrated  partly  or  fully  through  the  fractured 
basement. Anyhow, a prolonged fluid-basement 
interaction  is  needed  to  provide  with  the 
halogen and  lead contents to the mineralising 
fluids  (Kendrick  et  al.,  2004).  During  the 
Scandian  event,  the  metal-bearing  fluid  was 
expelled from the granite, maybe during several 
compressional  phases,  into  the  sedimentary 
units  where  it  encountered  a  reduced-sulphur 
fluid that caused mineral precipitation.
The  deposit  then  underwent  the  previously 
described  (part  on  the  stuctural)  tectonic 
succession.
At  a  later  stage,  probably  after  the  Scandian 
local faulting (normal, and thrusting), meteoric 
groundwaters reached the deposit and changed 
equilibrium conditions causing precipitation of 
barite.
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Fig. 13: Schematic model of the mineralisation processes : A hot saline fluid circulating through basement, leaching Pb and Zn,  
is expelled in the overlaying sandstone where it mixes with trapped reduced seawater causing precipitation.
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Even though this model takes into account most 
of  Laisvall's  characteristics,  several  questions 
remain and require further work to be answered.
1)  Why did  only  certain  basement  transverse 
faults  act  as  fluid  channels  ?  For  instance  a 
regional NW-SE lineament seen in the area and 
interpreted as a  basement  fault  (Romer,  1992; 
Robert,  2003)  does  not  show correlation with 
any known deposits. 
2)If  the  Nadok  disturbance  is  a  reactivated 
basement fault, why does it not show any direct 
link with Kautsky mineralization?
3)Why is mineralisation focused along part of a 
fault  and not dispersed all  the way? Does the 
lateral facies variation of permeable sediments 
account for it?
4)Does the wedge of potential ore hosting unit 
pinching  against  the  basement  have  a  role  in 
focusing  the  mineralisation  and  on  the  ore 
grade?  In  such  a  case  a  parallel  might  be 
interesting  to  draw  with  the  Zambian  copper 
belt. The role of the pinch much also be studied 
along with the fluid mixing processes. Indeed, 
as  fluid  mixing  can  only  occur  if  the  fluids 
involved  have  a  similar  density  (Lindblom, 
1982) the pinch against the basement acts as a 
trap  until  both  fluids  have  a  density  close 
enough to mix. Without such a setting, a much 
hotter metal-bearing fluid than the pore hosted 
one  would  escape  from  the  basement  and 
continue  migrating.  This  migration  will  cause 
dispersion  of  the  mineralisation  over  a 
widespread area.
5)Further work on syn-sedimentary faulting has 
to  be  done  with  focus  on  its  control  on  the 
distribution  of  the  mineralisation  among  the 
sedimentary units? Indeed, it could create zones 
of weakness in impermeable units able to form 
trap sites as described previously. For instance, 
if the mineralising fluid could not have escaped 
to the Nadok Member, would the Kautsky Ore 
Member have bigger ore grades?
6)Eventually, further work on the barite should 
be  conducted,  on  the  grade  distribution  for 
instance, in order to know its relation with the 
deposit  and  if  it  can  be  definitely  ruled  out. 
Could  the  present  distribution  of  barite  result 
form  depletion  due  to  leaching  during 
mineralisation and successive deposition as an 
enriched  halo  around  (Saint  Fabien  deposit, 
Canada, Williams-Jones et al., 1992)?

6) Exploration potential : a conclusion  

In  order  to  produce  a  model  suitable  for 
regional  exploration,  geological,  tectonic  and 
mineralization  processes  were  reviewed  and 
controlling factors highlighted.
In  amongst  the  critical  criteria,  a  basement 
topographic  high  is  a  key  requirement. 
Basement  highs  result  indeed  from  Late(?) 
Proterozoic normal faulting striking NNW-SSE 
and  NNE-SSW.  When  reactivated  during 
Scandian  compression,  these  faults  acted  as 
channels  for  mineralising brines.  Furthermore, 
the  importance  of  a  clean  permeable  thick 
sandstone unit has been stressed out (Willdén, 
1980). The deposition of a clay-free sandstone 
is dependent on the energy of the depositional 
environment which is in turn partly controlled 
by the basement paleotopography. A basement 
high would appear as an island during Lower 
Cambrian and its  erosion will  provide detritic 
material  for the sedimentary units. During the 
spreading  of  Iapetus  Ocean,  open  sea  (high 
energy)  environment  affected  the  areas  to  the 
west of such islands. On the other hand, to the 
East,  sheltered  (low  energy)  depositional 
environment  were  characterised  by  shale 
sedimentation.
During  (Late  Ordovician?)  mineralisation 
processes,  the  presence  of  undiluted-reduced 
cold  trapped  seawater  in  the  sandstone  is 
essential  and  thus  require  the  deposition  of 
sealing  unit  preventing  from  any  upward  or 
downward fluid flow.
The  presence  of  such  sealing  layers  is  also 
important  if  pinching  toward  basement  highs 
thus shaping a wedge of  permeable sandstone 
units.  Such  a  configuration  creates  a  trap  for 
mineralising fluids expelled from the basement. 
They  will  accumulate  until  they  get  denser, 
through heat exchange with the cold fluid, and 
can eventually mix to cause metal precipitation.
Among theses controlling factors, the presence 
of basement highs is  the most important  as it 
affects the other ones. These factors only have a 
meaning  when  looking  for  mineralisation 
hosted in autochthonous rocks.
In  order  to  target  favourable  areas, 
aeromagnetic  anomaly  maps  can  be  used  to 
delineate  potential  basement  highs  as  it  has 
been  demonstrated  that  the  basement 
topography  was  responsible  for  magnetic 
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anomalies  around  the  Laisvall  deposit.  It  has 
moreover  been  shown  that,  in  the  Laisvall 
deposit,  the  actual  basement  topography  is 
inherited  from  the  basement  paleotopography 
(Fig. 5A).
Aeromagnetic data was processed to highlight 
basement highs. A map combining First Vertical 
Derivative  (FVD)  and  Total  Horizontal 
Derivative  (THD)  was  produced  to  help 
interpreting  basement  topography  (FVD-THD 
combined  map  is  available  and interpreted  in 
Appendix, Fig. 19 and Fig. 20). Basically, FVD 
will  sharpen  up  anomalies  over  the  causative 
body  while  the  THD  will  enhance  contact 
features  (  Schematic  explanation  in  Annexe, 
Fig.  17 and  Fig.  18 p.30).  For  detailed 
explanation  on  potential  field  processing,  the 
reader will refer to Getech courses(2007).
After  basement  highs  delineation,  prospective 
areas were circled (Fig. 14 and  Fig. 15). Two 
target types were distinguished : high potential 
and  less  prospective  areas.  The  distinction 
between highly prospective and less prospective 
areas  was  based  upon  the  presence  of  a 
basement and whether the area corresponds to a 
high- or low-energy depositional environment.
Despite  giving  important  evidence  to  focus 
future  exploration,  this  study  would  benefit 
from further  geophysical  studies.  Comparative 
study  of  magnetic  susceptibilities  of  different 
rock  units  will  improve  geophysical 
interpretation  while  gravimetric  studies  could 
help narrowing target areas.
Considering  the  size  of  target  areas,  diamond 
drilling  to  look  for  potential  mineralisation  is 
not advised at this stage. It could however help 
to  have  a  stratigraphic  borehole  at  a  chosen 
location.  This  would  give  evidence  on  the 
presence of a favourable sedimentological host 
unit  meeting  requirements  previously 
mentioned.
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Fig. 14: Prospectivity map over the Laisvall field, sourthern part.In brown is the Laisvall deposit.
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Fig. 15: Prospectivity map over the Laisvall field, Northern Part.
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Fig. 16: Schematic model cross-sections to account for mineralisation in the Laisvall area. (From Kendrick 
et al., 2004).
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Fig. 18: Processing of aeromagnetic data. Total Horizontal Derivative is performed to enhance contact  
between two bodies of different magnetic susceptibility.(From Getech Courses, 2007).

Fig. 17: Processing of aeromagnetic data. First Vertical Derivative is performed in order to sharpen  
anomalies right above the causative body.(From Getech courses, 2007).
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Fig. 19: Basement high delineation on processed aeromagnetic data. The map is a coloured THD underlain by a  
greyscaled FVD map.Laisvall field, northern part.
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Fig. 20:  Basement high delineation on processed aeromagnetic data. The map is a coloured THD underlain by a  
greyscaled FVD map.Laisvall field, southern part.
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