
Description and structural implications of fractures in 
late Jurassic sandstones of the Troll Field, northern 
North Sea 
ROY H. GABRIELSEN & ANDREAS G. KOESTLER* 

Gabrielsen, R. H. & Koestler, A. G.: Description and structural implications of fractures in late Jurassic 
sandstones of the Troll Field, northern North Sea. Norsk Geologisk Tidsskrift, Vol. 67, pp. 371-381. 
Oslo 1987. ISSN 0029-196X. 

Mapping of fractures in sandstones of the Troll Field, northern North Sea, has shown that deformation 
outside the major faults is relatively mild. The fractures have been divided into three groups - single 
fractures, fracture swarms and macrofaults. Single fractures represent the 'background deformation', 
and are present in all the investigated cores. Fracture swarms are concentrations of single fractures, and 
may grade in to breccias. The fracture swarms are more unevenly distributed, and are believed to represent 
smaller faults with normal throws of less than 15 m. Macrofaults are faults which are large enough to be 
detected in reflection seismic sections. Tests indicate that permeability is reduced by up to one order of 
magnitude across single fractures. However, neither single fractures nor fracture swarms are considered 
to be of significance for reservoir communication in the Troll reservoir. 
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Natura! fracture systems in hydrocarbon reser
voirs have been extensively studied because of 
their positive contribution to reservoir per
meability (e.g. Narr & Currie 1982; Tillman 1983; 
Tillman & Barnes 1983; Watts 1983). In the North 
Sea, this has particularly been the case for chalk 
reservoirs (Hardman & Eynon 1977; van den 
Bark & Thomas 1980; Nelson 1981; Watts 1983). 
However, it has also been recognized that frac
tures in reservoirs may have negative effects on 
reservoir permeability (e.g. Dunnington 1967; 
Steams & Friedman 1972; Pittman 1981; Tillman 
1983; Nelson 1985), although this has been con
sidered the exception rather than the rule. 

During recent logging of cores from the 
Norwegian Continental Shelf it has become 
increasingly evident that small-scale deformation 
structures are common in most of the sandstone 
reservoir units, and the present paper introduces 
parts of a study of the fractures in the Troll Field 
of the Norwegian Sector of the northern North 
Sea. 

Tectonic setting and 
lithostratigraphy of the Troll Field 

The Troll Field is situated on the Horda Platform 
at the eastern margin of the Viking Graben (Fig. 
l). Schematically, this part of the Horda Platform 

can be subdivided into three structural provinces. 
The southern province (Blocks 31/5, 31/6 and 32/ 
4) is dominated by N-S to NNW-SSE and NNE
SSW-striking fault systems. In the northeastern 
province (Block 31/3 and eastern part of Block 
31/2) NW-SE-trending faults prevail, whereas 
NE-SW-striking faults are most frequent in the 
northwestern province (northwestern part of 
Block 31/2). The most prominent structural 
elements within the platform area are three N-S
striking major faults of which the central infor
mally has been termed the Middle Horda Plat
form fault (Fig. 1). 

The primary structural event that influenced 
the reservoir rocks of the Troll Field was the main 
Kimmerian p hase ( active in the northern Viking 
Graben from Bathonian to Berriasian), which was 
partly characterized by synsedimentary faulting 
(e.g. Hellem et al. 1986). This event was followed 
by Cretaceous post-rift thermal subsidence and 
sediment loading (Badley et al. 1984). The fault 
activity during the Cretaceous has been relatively 
extensive in the Horda Platform, where there is 
a tendency for younging of the fault activity when 
going away from the graben axis. For the most 
external faults, the activity was not terminated 
until early Tertiary. 

For the northernmost part of the Horda 
Platform, a more complicated structural devel
opment has been advocated by Davies (1983) 
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Fig. l. Troll Field (stippled) with major faults (defined at Base Cretaceous level) and wells used in the present study. Fracture 
swarms recorded in each well are indicated. 
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and Rønnevik & Johnsen (1984), who proposed 
strike-slip movements in middle to late Jurassic 
times. This view has received support on a 
regional scale by the work of Beach (1985). 

For more detailed descriptions of the geological 
development in the area, the reader is referred to 
Brekke et al. (1981), Threlfall (1981), Badley et 
al. (1984, in press), Rønnevik & Johnsen (1984) 
and Hellem et al. (1986). 

The hydrocarbons of the Troll Field are found 
in the middle to late Jurassic Viking Group. The 
Krossfjord, Fensfjord and Sognefjord Formations 
(Fig. 2) represent the reservoir rocks which are 
porous, poorly consolidated, immature fine- to 
coarse-grained marine sandstones with low con
tent of clay. Approximately 90% of the gas-in
place is located in rocks of the Sognefjord For
mation (Hellem et al. 1986). For the fracture 
study, it is important to note that all the reservoir 
units contain calcite-cemented layers and 
nodules. 

The present fracture study mainly covered 
cores from the Sognefjord, Heather and 
Fensfjord Formations (Fig. 2). The cores were 
cut at depths between 1,350 and 1,720 m below 
sea leve!. One exception is Well 31/2-3 where 
cores down to 2,330 m were available. The water 
depth in the area varies between 290 and 350 m. 

Fracture mapping in cores 

Fracture mapping in cores is complicated by the 
fact that structures generated during drilling and 
core-handling can only be distinguished from nat
ura! fractures with difficulty (Myers & Gray 1968; 
Graves 1986). To meet this problem, the fol
lowing criteria were used to identify fractures of 
tectonic origin (see also Arthur et al. 1980 and 
Carson et al. 1982): 

(l) Fractures with polished surfaces and slick
ensides without radial symmetry. 

(2) Healed or re-cemented fractures - especially 
fractures with secondary mineralization. 

(3) Fractures which are not obviously related to 
the length axis of the core, particularly frac
tures at high angles to the vertical axis, and 
which frequently appear in conjugate sets. 

Of these, criterion (2) is considered to be the 
most reliable. Separation of natura! fractures 
from core-handling effects is particularly a prob
lem in the Troll Field where the reservoir rocks 
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are poorly consolidated. The difficulties are 
further increased because the cores lose cohesion 
easily, due to dehydration during storing. Conse
quently rubb le zones may be difficult to interpret; 
rock fragments of these intervals have been care
fully examined for mineralization and deform
ation effects prior to classification. 

Description of fractures in the Troll 
Field reservoir rocks 

Data from six wells (31/2-3, 31/5--2, 31/6-1, 31/ 
6-5, 31/6-6 and 31/6-8) were included in the 
present study (Figs. l & 2). The wells were chosen 
to cover different tectonic positions relative to 
the major faults in the area. Wells 31/6-5 and 31/ 
6-6 were drilled in the structurally most stable 
part of the eastern Troll Field, whereas wells 31/ 
6-1 and 31/6-8 are situated in the hanging-wall 
fault block in the Middle Horda Platform fault, 
approximately l to 2 km east of the fault trace. 
Well 31/5--2 is situated in a part of the western 
Troll Field which is influenced by minor N-S
striking normal faults, whereas Well 31/2-3 is 
located in an area of complex deformation with 
a combination of N-S and WNW-ESE-trending 
structures. 

During the work it became evident that it is 
convenient to group fractures in to single and com
posite fractures, and that further subdivision 
based upon geometry may be useful (see also Fig. 
3). (Definitions used in the following structural 
description generally follow Bates & Jackson 
(1980), Hancock (1985) and Nystuen (1986).) 

Single fractures 
Single fractures ( joints, faults and fissures) are 
single discontinuities identifiable on the scale of 
mapping. They may branch into, or be members 
of, composite fractures, e.g. fracture swarms. In 
all of the investigated wells, single fractures have 
been found, although the fracture frequency is 
relatively low, and may vary from well to well. 

Single joints ( fractures without detectable off
sets) represent the most frequent type of fracture 
in the investigated cores. They may be planar, 
curved or irregular (Plate la, b ). The surfaces 
may be polished or striated (Plate 2e), and the 
joints are frequently mineralized. Simple joints 
are usually less than l mm wide, and contrast with 
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PLATE l (legend overleaf). 



PLATE l 
(a) Planar fractures. Note whitish fracture fil] in the fracture to the right. 
(b) System of curved and irregular fractures. Note dark fracture lill. 
(c) Single fault with displacement of approximately 1.5 cm. 
(d) Calcite-filled vertical and subhorizontal fissures in calcite-cemented layer. Note that fractures are restricted to the calcite-

cemented zone. 
(e) Anastomosing network of fractures enclosing undeformed lense of sandstone. 
( f) Close-up view of fracture swarm. Many of the fractures are small faults. 
(g) Fragmented part of core believed to be of tectonic origin. Many fragment surfaces have linear slickenside striations and 

secondary mineral coatings. 
(h) X-ray tomography of 'brecciated' zone in core from Well 31/6-1. Upper part of diagram displays vertical, lower part 

horizontal view. The rock fragments are pencil-shaped with the longest axes oriented par alle l to the core axis, and therefore the 
fragmentation is believed to have taken place during drilling or core-handling. 

Scale bar for all photographs is 2 cm. 



PLATE 2 (legend overleaf). 



PLATE 2 

(a) Microphotograph of joint. The structure is characterized by compaction and grain-size reduction. The joint is ca. 0.2 mm 
wide. Microphotograph, polarized light. Scale bar is 500 micrometres. 

(b) SEM overview image of joint. Note massive texture in central parts indicating grain-size reduction. Scale bar is 1000 
micrometres. 

(c) SEM dose-up of joint. Texture within the joint (central part of picture) gives a much more massive impression than the 
undeformed rock (Iower right). Scale bar is 500 micrometres. 

( d) Plumose fracturing of quartz grain and deposition of abrasion material in surrounding pores. SEM image, scale bar is 500 
micrometres. 

(e) Slickenside striations on fracture surface. SEM image, scale bar is 1000 micrometres. 
( f) Oose-up of fracture. Note grain-size reduction, reorientation of mica-grains and concentration of clay in the fracture. 

Microphotograph, polarized light. Scale bar is 200 micrometres. 
(g) Fault displacing coal-seam in sandstone. Microphotograph, polarized light. Scale bar is 200 micrometres. 
(h) Calcite-filled fissure in calcite-cemented sandstone. Note blocky calcite and fossil fragment in upper part of the micrograph. 

Planpolarized light. Scale bar is 500 micrometres. 
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Fig. 3. Main fracture types in the Troll Field reservoir rocks. 
(1) Single fractures. (2) Anastomosing fracture. (3) Fracture 
swarm. (4) Macrofault. Note that this type of structure has not 
been cored, and its architecture is inferred. (5) Contrast in 
fracture geometry between carbonate-cemented zone and sand
stone without carbonate cementation. ( 6) Subhorizontal frac
tures of possible tectonic o ri gin in poorly cemented sandstone. 
Triangles indicate tectonic breccia, cc carbonate cemented sand
stone, and m possible other type of mineralization. 

the undeformed sediment in their brownish or 
greyish colour resulting from textural and min
eralogical changes. The rock easily loses cohesion 
along joint surfaces during core handling. Joints 
are seen exclusively in sandstones which are not 
calcite-cemented. Where no small-scale layering 
is present, it may be impossible to distinguish 
joints from faults. 

Most of the mapped joints are steep structures, 
but sub-horizontal joints are also frequent in the 
poorly cemented sandstones. These do not have 
any kind of secondary minerals or deformation 
products, and it is often difficult to decide whether 
they are of tectonic origin or the result of core 
handling. 

Single faults with displacements from l mm to ca. 
lO cm ( Plates le and 2g) are found in several of 
the cores, but are less frequent than joints. The 
faults are usually planar, relatively simple struc
tures, and are deeply dipping (60° or more). Low
angle faults ( dips of about 30°) have also been 
observed, but are very rare. 
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Fissures (fractures with distinct separation) can 
only be confirmed to be tectonic in origin if they 
are filled by secondary minerals. With few excep
tions, this type of structure is restricted to carb
onate-cemented zones or the areas close to them, 
where they commonly occur either perpendicular 
or parallel to bedding (Plate ld). The fissures vary 
from simple planar to irregular, and are usually 
filled with crystalline calcite. They are not associ
ated with deformation effects like grain-size 
reduction and reorientation of mineral grains. 

Composite fractures 

As for single fractures, composite fractures are 
found in most of the cores. The frequency of the 
composite fractures, however, is much lower than 
for single fractures. 

Anastomosing fractures (Plate le) appear where 
simple fractures split into irregular structures 
occasionally enclosing rotated lenses of unde
formed rock. The single fractures of this network 
vary in width and character. Also, faults accom
modating several millimetres of displacement may 
splay into numerous microfractures distributing 
the deformation over a large volume of the sedi
ment. The rocks show less tendency to lose 
cohesion along the anastomosing than along the 
simple fractures. 

Fracture swarms consist of a large number of 
fractures, faults and fissures (Plate lf). Faults and 
joints are the dominant types of structures in 
fracture swarms in the cores of the Troll Field, 
whereas fissures are exceptions. Internally the 
swarms may show conjugate fracture sets. 
Although the displacement on individual faults in 
a swarm may be minor ( from a millimetre to a 
few centimetres), total displacement in the zone 
may be measured in decimetres or even metres. 
Accordingly, fracture swarms are re gard ed as 
mesoscopic faults too small to be detected in 
reflection seismic data. 

Breccias. - In the cores from the Troll Field, 
extensive parts are found to be fragmented. A 
few of these breccias are well cemented, and are 
definitively of tectonic origin, whereas a large 
number of the fragmented zones have lost 
cohesion, and are preserved as loose fragments 
in the core barre! (Plate lg). The primary 
geometry and surface characteristics of the frag-
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ments may be used as an indication of their origin. 
For example, pencil-shaped fragments with the 
long axis oriented parallel to the core axis are 
considered to be indications of fragmentation dur
ing drilling or core handling. This type of evidence 
is lost the moment the core barre! is cut open, 
and can only be obtained by X-ray tomography 
of the barre! before opening (Plate 1h). 

Tectonic breccias are characterized by simple 
or irregular fractures with characteristics similar 
to those seen in single fractures, and fragment 
surfaces are often striated, polished and 
mineralized. 

Macrofaults (or fracture zones) are faults which 
are detectable in reflection seismic data, i.e. faults 
with dip-slip in the order of 15 m or more. No 
macrofaults have been cored in the Troll Field, 
and only assumptions can be made with respect 
to the architecture of this type of structure. 
Macrofaults are believed to be built up of all the 
types of structures described above (Fig. 3), and 
may additionally be heavily mineralized. 

Textures 

For evaluation of fracture geometries and fracture 
mechanisms it is of importance to emphasize that 
angular grains are common, particularly in the 
coarse-grained sandstones, and that the texture is 
characterized by relatively few grain-grain 
contacts. Also, the reservoir units indude 
frequent, but local calcite-cemented layers and 
nodules. 

Different types of textures associated with 
deformation are seen in the fractures (Fig. 4 & 
Plate 2). The most common is brittle grain-size 
reduction, which is observable in thin section as 
well as in the electron microscope (Plate 2a, b, 
c). Broken grain fragments are found to fill in the 
pore space dose to the fractures, and intra
granular cracks and plumose fracture surfaces are 
observed (Plate 2d). The grain-size reduction may 
be up to two orders of magnitude. 

Reorientation of mineral grains (mica and elon
gated quartz grains) is quite common (Plate 2f). 
In fact, a fault displacement in the range of one 
millimetre is sufficient to cause this effect. This 
process is usually combined with enrichment of 
day minerals along the fracture surface and adjac
ent to it. 
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Mineralization is common in joints in the poorly 
cemented sandstones. The most usual secondary 
mineral is calcite, although other carbonates 
(particularly siderite) are found. Carbonate min
erals also occur as irregular infillings in fractures 
in the poorly cemented sandstones. 

In the carbonate-cemented sandstone beds, 
car bona te fillings in joints and fissures are ubiqui
tous. Cathode luminescence studies have shown 
that several phases of carbonate fillings are 
present. The carbonates may occur either as 
blocky mineral fillings in the pore spaces adjacent 
to the fractures (Plate 2h), or as fibrous grains 
partly or completely filling the fissure. 

Fracture frequency 

In general, the frequency of single fractures in the 
reservoir rocks of the Troll Field is very Iow, 
usually varying between O and 5 ( fractures per 
core metre), in most cases with a frequency of 
about 0.1. Even though the fractures are relative! y 
steeply dipping - which reduces the possibility of 
hitting structures during coring- it seems reason
able to condude that the rocks have suffered only 
minor deformation outside the faulted areas. 

Although core data are sparse, it seems that 
fracture swarms ( faults with normal throws 
between approximately 0.5 and 15 m) and brec
cias are not evenly distributed in the reservoir 
rocks. Fracture swarms, induding breccias, are 
most abundant in wells west of and dose to the 
Middle Horda Platform fault and in the highly 
faulted area of Blocks 31/2 and 31/5 (Fig. 1), 
whereas the less faulted areas to the east have a 
lower frequency of fracture swarms. 

From structural maps it is obvious that distri
bution of macrofaults (fracture zones) varies con
siderably throughout the Troll Field (Fig. 1). 

Permeability effects of single 
fractures 

Natura! fractures in reservoirs are frequently stud
ied because of their potential as migration paths 
for hydrocarbons (e.g. Nelson 1986). However, 
from the microscope studies of the fractures in 
the Troll Field reservoirs, it is dear that the 
deformation is associated with grain-size 
reduction and mineralization, which tend to 
decrease rather than increase permeability. Com
parison of permeability values from undeformed 
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PLUMOSE MARKINGS REORIENTA TION 

SLICKENSIDE STRIA TIONS GRAIN SIZE REDUCTION 

GRAIN SIZE REDUCTION CONCENTRATION 

MINERALISATION PARTL Y MINERALISATION 

REMINERALISA TION MINERALISATION 

Fig. 4. Textural characteristics in fractures recorded in light microscope (TS) and scanning electron microscope (SEM). Scale bar 

is l 00 micrometres. 



378 R. H. Gabrielsen & A. G. Koestler NORSK GEOLOGISK TIDSSKRIFT 67 (1987) 

Table l. Examples of permeabilities across single fractures, compared to matrix permeabilities of unfractured parts of the same 
samples. For comments, see text. 

Matrix 
permeability (Kd 

Sample No. md 

0084 120 
26 

0087 388 
594 
562 
595 

0088 233 

0089 490 

0095 2020 

0165 873 

and deformed intervals in some of the wells seem 
to support this assumption. 

To control this effect in more detail, plugs 
containing single fractures were taken for per
meability measurements. The samples were care
fully chosen with the long axis perpendicular to 
the fractures. The plugs were 4 cm Jong with cross
sections of approximately 4 cm2• During the work 
it became evident that there are several meth
odological difficulties in this type of analysis for 
the Troll Field reservoir rocks. Most important is 
how the poorly consolidated rocks tend to part 
along the fractures. Secondly, it is difficult to 
obtain 'representative' permeability values for 
undeformed samples because of fine layering. 

Table l gives examples of values (air per
meability corrected for the Klinkenberg effect) 
obtained from the permeability tests. The per-

Fracture 
permeability (Kd 

Fracture No. md 

Fl 12 
F2 11 

Fl 116 
F2 83 

Fl 124 
F2 137 
F3 134 
F4 54 
F5 152 

Fl 335 
F2 366 
F3 488 

Fl 1545 
F2 1740 

Fl 1012 
F2 655 
F3 832 

meability values show large spreads for unde
formed as well as for deformed samples, 
presumably because of small-scale grain-size vari
ations and layering. Consequently, results from 
undeformed and deformed samples should only 
be compared on a local scale, which means that 
results from a sample containing a fracture should 
be correlated with results from an undeformed 
sample within the same layer. 

In some cases a reduction in permeability of up 
to one order of magnitude has been measured. 
However, in most cases the reduction is less than 
this (Samples 0087 and 0088, Table 1), and in a 
few samples there are no obvious correlations 
between deformation and lowered permeability 
(Sample 0165 in Table 1). 

It should also be mentioned that during some 
of the experiments the permeability decreased 
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with time, which may indicate that erosion and 
redeposition of material took place in the 
fractures. 

Discussion and conclusions 
Principally, two types of mechanism may be 
responsible for the fractures of the Troll Field 
reservoir rocks: 

(l) The structures may have been generated as a 
response to the active rifting, or 

(2) the fracturing has resulted from compaction 
and gravity collapse of the reservoir. 

For the macrofaults, there is no doubt that those 
are associated with the main Kimmerian rift phase 
(e.g. Badley et al. 1984; Hellem et al. 1986). The 
significance of the single fractures and fracture 
swarms, however, may be more obscure. 

Aydin (1978), in a study of the rnildly fractured 
Navajo and Enstrada Sandstones, reported that 
single fractures might be related to larger faults, 
but that they are also frequently found as inde
pendent features. (Single fractures in our ter
minology would include 'deformation bands' as 
defined by Aydin (1978).) He considered single 
fractures as structures preceding formation of 
larger faults. 

In the present study, single fractures are found 
in all investigated wells, and may constitute a 
system of 'background' fractures in the reservoir 
rocks. Additionally, as in the Enstrada and 
Navajo Sandstones, single fractures are fre
quently related to fracture swarms and breccias; 
all these types of structure seem to increase in 
frequency in areas where macrofaults have been 
identified. 

The steep (dips of 60° or more), usually planar 
single fractures, conjugate fracture sets, and frac
ture swarms in the poorly cemented sandstones 
of the Troll Field indicate a vertical a1• This would 
be in concordance with activation in connection 
with rifting, as well as gravitatiomil collapse 
. during compaction. The fracture distribution in 
the reservoir can be said to lend support to the 
fault model for activation of the fractures and the 
fracture swarms. On the other hand, the presence 
of single fractures in all the investigated cores 
makes it impossible to rule out the compaction/ 
gravity collapse model for these structures. 

TSGS Symposium 1986 379 

Only in a few cases have low-angle single frac
tures or fracture sets been recognized in the Troll 
reservoir rocks, whereas subhorizontal joints are 
quite common. In the poorly cemented sand
stones these are always open, and no secondary 
minerals or deformation products have been 
recognized. Accordingly, it is uncertain whether 
the subhorizontal joints of the poorly cemented 
sandstones are of tectonic origin, or if they were 
initiated during core handling. However, if the 
subhorizontal joints have a tectonic significance, 
they indicate relaxation of the vertical a1. 

In the carbonate-cemented sandstones, the 
fracture pattern is dominated by subhorizontal 
and vertical calcite-filled fissures. Here the ver
tical fissures may have been generated simul
taneously with the steep fractures in the poorly 
cemented sandstones, whereas the subhorizontal 
fissures again should be expected to be related to 
relaxation of vertical a1• 

In conclusion, the orientation of steep frac
tures, both in the poorly cemented and calcite 
cemented sandstones, indicates a vertical ah 

whereas subhorizontal fractures in both rock 
types indicate later relaxation of the vertical 
stress. 

Relation between single fractures and 
fracture swarms 

Width of single fractures has not been found to 
exceed a few millimetres. This is in accordance 
with observations in the mildly fractured Navajo 
and Enstrada Sa:1dstones, described by Aydin 
(1978) and Aydin &Johnson (1978). Compaction, 
grain-size reduction and mineralization, which 
have also resulted in reduction of the permeability 
across single fractures, may increase strength in 
the deforming zone. Therefore, during pro
ceeding displacement, the zone of deformation 
tends to widen to affect the adjacent rocks. At a 
certain stage of strain hardening a new structure 
will be initiated to take up further deformation. 
This implies that single fractures are generated in 
response to minor displacements, whereas the 
fracture swarms are areas of more advanced 
deformation (Aydin 1978; Aydin & Johnson 1978, 
1983). This is in accordance with the present 
observations, and suggests that in principle the 
only parameter which separates single fractures 
from fracture swarms is amount of strain taken 
up by the structures. 
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Timing 

Subsidence curves (Hellem et al. 1986) show that 
the reservoir sandstones were buried by ·only a 
few hundred metres of sediments at the time of 
maximum fault activity. This is in conflict with 
assumptions that the observed type of deform
ation requires burial depths in the order of 
l 000 m or more (e.g. Dunn et al. 1973). 
However, high porosity and few and sharp grain
grain contacts favour grain-size reducing pro
cesses (Gallagher et al. 1974; Aydin & Johnson 
1978), and may contribute to the explanation for 
this. 

All fractures in the calcite-cemented zones are 
filled with secondary carbonate minerals, usually 
calcite. The vertical fissures are again in agree
ment with a vertical oh and these structures are 
probably comparable to the steep single fractures 
and fracture swarms in the non-calcite-cemented 
reservoir sandstones, the difference in fracture 
orientation reflecting the rheological contrasts. If 
this assumption is valid, it implies that fracturing 
of the reservoir took place after the caleite 
cementation. 

On the other hand, the subhorizontal fractures 
seem to be younger than the vertical fissures. If 
the open, subhorizontal joints recorded in the 
poorly cemented sandstones have any tectonic 
significance, it would be natura! to ascribe those 
to the same episode of unloading. The on ly known 
candidates here are the late Jurassic - early Cre
taceous and Oligocene erosional events. 

If these assumptions on generation of small
scale structures in the Troll Field reservoir are 
correct, most fractures were established during a 
relatively short period in the early history of the 
rocks, and the deformation history can be summa
rized as follows: 

(l) Calcite-cementation took place shortly aft�r 
or even during deposition of the reservmr 
sequence. This process may have ended by 
early Volgian times. 

(2) At this point in time the lowermost part of 
the Fensfjord Formation was buried by a pile 
of at !east 500 m of sediments (Hellem et al. 
1986), and fracturing by compattion may have 
started. 

Simultaneously, fault activity spread into 
the Horda Platform. Altogether, this may 
have been the most active period of 
deformation, and steep single fractures initi
ated as response to compaction may have 
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developed into fracture swarms associated 
with extension and faulting on a larger scale. 

(3) By Berriasian times the fault activity had 
peaked in the area (Badley et al. 1984), 
although local faulting related to thermal 
cooling and subsidence continued. It seems 
reasonable to assume that fracturing related 
to differential compaction may have con
tinued, as well as local deformation adjacent 
to active faults. Structural analysis (Hellem et 
al. 1986) indicates considerable relief well in to 
the Cretaceous. 

(4) The subhorizontal fractures mapped in 
.
the 

calcite-cemented zones and theu posstble 
equivalents in the ordinary sandstones may 
indicate that relaxation of the vertical o1 took 
place. The only candidates to account for 
these observations seem to be erosion related 
to establishment of the Base Cretaceous and 
Intra Oligocene unconformities as defined by 
Hellem et al. (1986). 
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