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crystals the same origin is indicated. The enclosed crystals are usually lying close to parallel
with the seam one next to another as seen in the dark seam in Figure 6.14, whereas crystals
occurring in spherical clusters are more unusual. The number of crystals along a stylolite

varies. The enclosing crystals seem to be common for dolomitized mudstone.

I"#$%%

Figure 6.14. Micrograph taken in plane light showing thicker swarms that encloses dolomite crystals.
Blue areas are epoxy.

6.3.4 Sets of seams

Core: In the core several of the pressure solution seams occur together in sets. These can be
seen as parallel, either touching or non-touching, or they could occur as unparalleled sets with
an anastomosing appearance that includes one or several connection points (Figure 6.15A).
The overall appearance of these sets can be approximately horizontal or partly to very wavy.
Often the style among the individual seams within parallel sets is similar, though clear
individual dissimilarities among the seams are also common. Commonly, cement occurs in
association with the parallel sets, similar to the cementation described. Different color,
different texture and a different density to the host rock recognize the cement. In situations
where cement can be seen in between sets of seams, the two outer seams of the sets are
terminating the cement. Most of these sets are characterized with low amplitude. These sets of
seams are observed to be most common in the undolomitized and partly dolomitized mud rich

facies.
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Dissolution seams and stylolites

Figure 6.15. (A) Two stylolites where one of them terminates into the other in a connection point in
the core. (B) Micrograph showing irregular anastomosing set of closely packed stylolites. Green areas
are epoxy. Note the muddy look of the interseam areas (C) Micrograph showing simplified sets of
dissolution seam/stylolites. Note the darker areas with cement where the seams occur. Blue areas are
epoxy (D) Micrograph of dark cemented bands where the seams occur, whereas whiter coarser grained
areas occur outside the cemented area. Blue areas are epoxy. Note in both picture B and C that a lower
porosity occurs where the cement associated with the seam occur.

Thin section: Several of the pressure solution seams occur closely together in sets often seen
as swarms in the thin section. All of the seams seen in the thin section appear darker than the
matrix. Many of the seams are connected, making irregular anastomosing sets (Figure 6.15B).
Some sets have a more complicated structure than others, whit a large number of seams
interacting with each other at several connection points (Figure 6.15B, C). In these situations,
the texture near the stylolites and individual seams, which is interpreted to be cement, is
darker and very fine-grained, often with a cloudy appearance, and where the boundary of
individual pressure solution seams appears blurry. Especially when these swarms occur in the
mudstone (F4), the interseam areas within these sets show brown color and muddy texture.

Also a common feature for these complex sets is the enclosing of crystals (as described
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above), and where this occur, the seams are thicker than those without grains. In the less
complex sets of pressure solution seams, only one or two interactions between individual
seams are seen, and with an overall almost wavy, irregular structure. These sets are darker,
with a finer and more densely packed cement between the seams (Figure 6.15D). In some thin
sections a layered structure is seen, here bands of relatively fine-grained dark cement with
dolomite crystals occur where sets of seams are present, these are further separated by some
um thick bands with whiter relatively coarser dolomite bands (Figure 6.15D). A common
feature for all the sets seems to be a decrease in the porosity in the cemented areas lying

inbetween individual seems compared to areas outside of the sets (Figure 6.15).
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7 Discussion

7.1 Depositional Model

When combining the 10 different facies (section 4.1) and their vertical arrangement (section
4.2) in the core, a reconstruction of different facies zones in the depositional system can be
arranged. These observations show typical characteristics of deposition on a carbonate ramp
where low- to moderate energy levels prevailed. A carbonate ramp is defined as a gently slope
(<1° slope) in a carbonate depositional system with gradual facies change from shallow water
to deeper water and basinal sediments (Tucker et al., 1990, Burchette and Wright, 1992). This
interpretation is in agreement with the other studies of the Finnmark Platform, which are
based on wider data sets (Bugge et al., 1995, Ehrenberg et al., 1998a, Ehrenberg et al., 2000).
The best way to present this interpretation is by placing the 8 defined core sections into a
proximal to distal cross-section of the carbonate ramp system which includes a back-ramp
comprising supratidal, intratidal environments and some parts of the shallow subtidal areas,
the shallow ramp including shallow subtidal, and the deep ramp comprising deeper subtidal,

and at last the basin, as shown in Figure 7.1 (Burchette and Wright, 1992, Pratt, 2010).

The sections are formed by multiple episodes of fluctuation in the sea level that can be seen
mainly as shallowing-upwards cycles with a varying thickness. Since the environment is
interpreted to be a shallow ramp, only a small change in the sea level would have major
impact on the depositional conditions and accompanied sediments. According to Boggs
(2011) sequences of third-order category have a duration of 1-10 million years and can be
caused by ice growth and melting. Sequences of lower order (fourth- and fifth-order) have a
shorter duration caused by alternations in the sea level. Fourth- order sequences could range
from 0.2-0.5 million years, whereas fifth-order last from 0.01-0.2 million years (Boggs,
2011). Due to the rather limited data in this study it is difficult to determine the exact
sequence order of the cycles. However, Ehrenberg et al. (1998a) has suggested either third-
order sequences or lower order sequences with parts of third-order sequences for the same

arca.
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Discussion

In the following a brief review of the depositional environment for the interpreted sections

and accompanied facies are presented.

Section 1

Section 1 and the Falk Formation represent the most distal areas of the carbonate platform
(Figure 7.1) and is equivalent to the deep ramp or close to basin setting defined by Tucker et
al. (1990). Facies 1, 2 and 3, which are dominant here, reflects an environment where
siliciclastic sedimentation was favored, at the same time as the high content of carbonate
cement and fossils indicate presence of carbonate production. Fair-weather conditions have
allowed fine-grained sediments to settle and bioturbation to occur. The fossil fragments in the
siltstone were sporadic transported to the deep ramp areas during periods of higher energy
levels. The small differences in the particle sizes within section 1 can be explained by the
distance to the sediment source and slightly different energy levels, where clay represent the
deepest deposits within the core. Siliciclastic delta lobes building in the height, reaching
conditions of carbonate production similar as assert in Ehrenberg et al. (2000), though in a
smaller scale could explain the silt-rich wackestone. A storm event is most likely the reason
for the erosional surface at 161.15 m depth, which scoured and eroded the lobe by
transporting and depositing coarser grains. The upper up-coarsening unit suggests the

formation of a larger delta lobe.

Section 2

The transition from section 1 to section 2 marks a change in the depositional conditions where
reduction of siliciclastic sediment supply allowed carbonate sediments to form. The fossil
fauna reflects a warmer climate at the same time as a rising sea level must have taken place
giving accommodation space to the growing build-ups. The abundant production of
Palaeoaplysina/phylloid algae boundstone indicates rapid growth rates occurring in a shallow
subtidal setting, as shown in Figure 7.1 where a lagoon was formed. From this section the
Palaeoaplysina/phylloid algae boundstone became the prominent facies. Based on the high
degree of cementation, good water circulation is indicated, most likely at the windward
margins of the reef. The brecciation of the lower boundstone in the lower carbonate unit could
be a result of storm-events based on the limited extension. The alteration between the types of

sediments deposited reflects changing access of siliciclastic supply, within a lagoon.
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Section 3

The change of sediment type within this section compared with section 2 is suggested to be a
result of the frequent sea level alternation characterizing the Upper Paleozoic. During
highstand the deposition of carbonates was favored due to drowning of available material to
erode and the build-ups could form as in section 2. However, during lowstand the siliciclastic
sediments would dominate the depositions because of available material to erode as seen in
section 3. The presence of facies 1 — 3 a calm environment and therefore indicates a similar
depositional environment as in section 1 though, based on the higher abundance of facies 2
and 3 at the beginning of the section, a slightly higher energy level occurred. Therefore
deposition in the upper areas of the deep ramp setting, still below fair-weather wave base has
occurred in the lower part of this section (Figure 7.1). The higher abundance of facies 1 and 2
higher up in the section, reflects deposition at the transition between the deep ramp and basin

as a result of increased sea level.

Section 4

Section 4 is characterized by repeated carbonates with up-shallowing trend. A gradual sea
level rise gave accommodation space for build-ups to form. Again, the build-ups formed a
lagoon with protected areas and the deposition of mudstone, thin beds of wackestone and
occasionally packstone occurred. According to Ehrenberg et al. (1998a) and Ehrenberg et al.
(2000) the sediments in section 4 were deposited in shallow variable hypersaline environment
based on the reduced biogenic diversity, dolomitization and precipitation of anhydrite.
Furthermore, as Ehrenberg et al. (1998b) asserted, this may be due to shallow lagoons where
evaporatization could take place during minor lowstands. Based on the thickness of the
mudstones in the section, they could very likely be interbuild-up sediments as described in the
facies interpretation of the Palaeoaplysina/phylloid algae boundstone. Another explanation
could be that the mudstone, wackstone and packstone result from accumulation in the back
reef area in the lagoon. The abundance of dolomitized boundstone and muddy sediments in

this section indicates a location at the shallow subtidal to intertidal environment (Figure 7.1).

Section 5
Section 5 represented by the muddy facies 4, 5, 6 and laminated structures reflecting calmer
conditions than section 4 that allowed accumulation of muddy sediments to occur, therefore

lagoonal intertidal environment is interpreted. Dolomite and anhydrite formed in marginal
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areas with hypersaline conditions. In deeper waters a better water circulation is suggested
where normal salinities occurred. Here, more sensitive organism as trilobite and corals could
develop, also seen by the bioturbation (Scholle and Ulmer-Scholle, 2003, Hanken et al.,
2010). The intermixed clay and silt could have been deposited by wind or storm. The
erosional unconformity in the lower part of the section is interpreted as abrupt increase in the
sea level at the lagoon margin forming conditions of wackestone over mudstone. The
occurrence of stromatolites in the upper part of the section still indicates a placement in the
intertidal environment, though closer to the supratidal areas with low wave action and shallow

depths.

Section 6

Section 6 represents supratidal environment, which is the most proximal areas of the
carbonate ramp (Figure 7.1). High temperature and dry conditions were dominating and
favored formation of highly saline brines making gypsum. As the dry conditions continued,
dehydration of gypsum occurred and anhydrite were formed. The presence of chickenwire
anhydrite indicates that of the original muddy sediments are displaced by the intrasediment
growth of anhydrite (Boggs, 2011). The gradual transition from chickenwire anhydrite to
structureless anhydrite indicates alternating relationship between available brines and the host
sediments upwards in the section. The interbedded siltstone implies a short term increase of
clastic input. The interlayered mudstone and wackestone were deposited during increased sea

level.

Section 7

An increase the in sea level drowned the previous supratidal evaporitic environment and
stabilized the salinity. The area was changed back to shallow subtidal conditions and the
development of Palaeoaplysina/phylloid boundstone resumed. Likewise as in section 4, the
boundstones formed a lagoon and gave rise to the mud-dominated facies 4, 5, 6 and 7. The
brecciaton within the first build-up in the section suggest a storm event. The varying degree
of dolomitization can be explained as in section 4. The abundance of preserved foraminifera
with low species diversity, mainly limited to fusulinida indicates well-oxygenated conditions
simultaneously as the energy level must have favored preservation of foraminfera. Also, the
presence of grainstone with high amounts of foraminifera, crinoids and peloids indicates a

sand shoal accumulated by a tidal current (Fliigel, 2010).
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Section 8

Based on the dominating muddy sediments and higher occurrence of stromatolites with a
varying dolomitization in this section, the deposition is interpreted to have occurred at the
upper part of the intertidal area (Figure 7.1), where the wave action was minor. At the
beginning of the deposition of the section, the conditions were favoring some degree of
dolomitization. However, at the end the water circulation was mainly good favoring high
production of corals in distinct intervals. The closer position to the land also made winnowed

fine-grained siliclastic sediments intermix with the carbonate depositions periodically.

7.2 The seams distribution

From the results of the classification of the dissolution seams and stylolites, it is clear that the
two seams distribution can be correlated with facies. It also correlates with the dolomite-
calcite proportions shown in Ehrenberg et al. (2000). As an attempt to understand these

results, some explanations are discussed in the following subchapters.

7.2.1 The seams distribution related to carbonate lithology

From the results it is shown that the Palaeoaplysina/phylloid algae boundstone and the mud-
rich facies (mudstone and wackestone) include several pressure solution seams where calcite
dominate, whereas the anhydrite facies is totally lacking seams. Based on the seams
distribution between these facies it is suggested that depositional environment and the
primary composition of the carbonate rock is important for determining the type of seams that
would form. Settlement of clay particles at relatively quiet conditions in a lagoon is suggested
favorable for later development of dissolution seams. Also, the fine-grained size of mud-rich
facies favors the high amount of dissolution seams in these facies, rather than formation of
stylolites. The limited amount of grains of the mudstone facies with a uniform morphology,
favors formation of dissolution seams. However, as mudstone and associated wackestones
may also contain varying amount of fossils causing obstacles, seams could deviate from the
horizontal development by offsets and promote stylolite development. This could explain the
occurrence of both, the dissolution seams and stylolites within these facies, as documented in
section 8. In conclusion, as the type and amount of seams show an alternating occurrence it is

suggested to reflect a varying ratio between fossil and mud contents in the sediments.
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In contrast to the muddy facies, the higher amounts of stylolites in the
Palaeoaplysina/phylloid algae boundstone reflects a more heterogeneous composition. This
may be explained by the boundstones structure that includes different fossils with a varying
composition and thereby obstacles favoring stylolites. Also, the depositional environment
seems to be essential here. The higher energy level of the water at the shallow ramp would
prevent a high accumulation and settlement of clay, which would favor stylolites. At the same
time, these boundstones are observed being interbedded and intermixed with varying amounts
of carbonate mud (chapter 5.1.9). This means alternating intervals that include higher clay
content favoring dissolution seams which explains the coinciding presence of both types of

seams in the boundstone.

In general, all of the carbonate facies recognized in the core are interpreted to include a
distinct content of carbonate mud. Therefore, when considering the theories of the dissolution
seams occurrence presented above, the more widespread abundance of dissolution seams

compared to stylolites in the carbonate units can be explained.

As opposite to the Palacoaplysina/phylloid algae boundstone and the mudstone above, the
lack of pressure solution seams in the anhydrite facies in section 6 indicates that this facies
has high resistance towards chemical compaction. An explanation for this may be the
interpreted homogeneous composition for the facies, especially in the structureless anhydrite
(F10A) (chapter 5.1.12). As both the impurities and the clay that is required for pressure
solution seams to form is lacking it would explain and support the absence of seams in this
layer. The presence of clay in the chickenwire/mosaic anhydrite would in theory promote the
seams formation. However, as the amount is considered to be very small, it is suggested that
the thickness and homogeneousness of the anhydrite layer is inhibiting chemical compaction.
Based on the distribution of the seams, the anhydrite layer has also prevented compaction of

the underlying carbonate layers where seams are lacking (section 5, Figure 6.2).

7.2.2 Seams and calcite cementation

By now it is clear that the formation of seams were facilitated in the boundstone and the

muddy facies. Another observation is that seams and especially stylolites are also more
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frequent in the boundstones, which are dominated by calcite. Good examples of this are the
boundstones in section 2 and upper part of section 4 (Figure 6.4) which also show extensive
cementation by calcite. The cementation is interpreted to be of two generations, including
microspar and coarse cement. When comparing these cement types with the ones interpreted
by Ehrenberg et al. (1998b), the microspar is suggested to correspond with early calcite
cementation formed in the phreatic environment. The coarse calcite cement on the other hand,
is as late calcite cementation. Based on these observations, it suggested that early diagenesis
and cementation has lithified the boundstone and thereby made a stable framework where the
applied stress would be spread out (Scoffin, 1987, Railsback, 1993a, Hanken et al., 2010).
The fact that the early cement commonly occurs in the boundstones is suggested to reflect
both the facies composition and the depositional environment. Buxton and Sibley (1981)
assert that mud-free sediments are more susceptible of lithification, and even though the
boundstone facies here has been interpreted to include significant amounts of mud, this could
explain cementation within the fossil-rich intervals. Microspar cement is often seen associated
with the canals within the Palaeoaplysina. This could be explained by the small channels size
which could trap fine sediments that could produced cement, filling the canals (Marshall,
1983). The boundstones depositional environment is also favoring cementation, as deposition
in the shallow ramp area makes the sediments exposed to high water circulations and low
sedimentation, which would favor cementation (Fliigel, 2010). Furthermore, when chemical
compaction takes place in highly cemented rocks, Fligel (2010) claimed that pressure
solution would develop along wide surfaces forming seams or as Wanless (1979) asserted,
chemical compaction would take place in “limestone units having structural resistance to
stress”. The degree of early cementation is observed to vary in the present boundstones and
may be related to the number of seams. As mentioned in the theory (3.2.2), during pressure
solution, the CaCOs-saturated pore fluid is precipitated as cement in nearby areas, which in
this case could explain the coarse calcite spar. However, as this process requires free pores,
Hanken et al. (2010) asserted that the stylolites would evolve as long as pore space is

available, and when cemented, the stylolites growth will stop.

For comparison and in contrast to the frequent stylolite number in the boundstone, Buxton
and Sibley (1981) argues that mud act as an cement-inhibiting factor. Based on this the low
amount of cement seen in the mudstones in the core is explained. Also, the depositional
environment in the lagoon would favor low cementation due to calmer water, higher

sedimentation rates and deposition of fine-grained sediments (Fliigel, 2010). Despite this,
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stylolites in association with coarse calcite spar are present in the mudstone facies (section 8§,
Figure 6.4), though the amount is reflecting the limiting conditions including restricted early
cementation, available fossils and pore space. When considering the formation of dissolution
seams, their formation is indicated to be less dependent of early calcite cementation as these

also occurs in uncemented areas as well.

7.2.3 Seams and dolomite

The dolomitized facies in the core, generally includes microdolomite and fine rhombic
dolomite, indicating an early diagenetic origin (Ehrenberg et al., 1998b). Only within the
lowermost part of section 4, coarse dolomite suggests a late development according to
Ehrenberg et al. (1998b). However, as some of the seams crosscut the coarse crystals, the
dolomite is interpreted to predate the dissolution seam (Figure 6.12E). A close spatial relation
between dolomite and seams is seen in Figure 6.12 in partly dolomitized mudstones. This
may be explained by the dolomites lower solubility to chemical compaction than calcite, and
that the solution and precipitation around the seam would be rich in clay minerals which
furthermore could release some Mg-ion (Hanken et al., 2010). Generally dissolution seams
appear to be more common than stylolites in the dolomitized facies in section 4 (Figure 6.2).
It is suggested in the literature that when a stable framework of dolomite crystals is
established, a generally high resistance to chemical compaction occurs which is favorable for
dissolution seams (Choquette and James, 1987, Hanken et al., 2010), and mostly just allowing
dissolution seams to form, and only occasionally stylolites. Similar interpretations have been

made by Railsback (1993b) for Paleozoic carbonates from the mid-Eastern United States.

From the previous discussion, the formation of stylolites is favored in areas including
heterogeneities, while dissolution seams occur in more homogeneous areas. Texturally the
dolomite-dominated areas in the core have varying compositions e.g. different crystal size,
porosity, and possible remnants of original composition and that some are more homogeneous
than others. Fine-grained dolomite crystals Figure 6.11 generated a uniform morphology and
resistance, favoring the development of dissolution seams. In contrast, the more
heterogeneous intervals (upper part of the seam in Figure 6.12E) of alternating dolomite

crystal sizes and porosity are showing minor or the lack of dissolution seams. Certainly,
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heterogeneous compositions would favor stylolites, though in a dolomite rock, the presence of

dolomite would generally dominate over the heterogeneities and thereby unfavor these seams.

7.2.4 Style of dissolution seams

In this chapter and the following chapter the results of the morphology classifications of
dissolution seams and stylolites would be discussed. To avoid confusion in these two
chapters, it must be stated that when the amplitude is mentioned as low or high, it is referred

to the characterization of the amplitude (Figure 4.2A) if not stated otherwise.

Based on the wide distribution of dissolution seams in the core, it is indicated that the
presence of clay is common in most facies, although the amount is varying and most frequent
in the mudstone. From the results of the characterization of these seams it is indicated that the
seams style relies on the content of clay, and if fossils are present, these would also affect.
When a high mud content in combination with fossils occur, the nodule-bounding dissolution
seams would form, as seen in section 2, 4 and 7 (Figure 6.3). In contrast, if only a high clay
content occurs, as in the mudstone facies, different sets including anastomosing and swarms
(Figure 6.15) are usually present, whereas where the clay content is lower single seams are

developed, characterized by either low or high amplitude (Figure 6.2A).

When considering the widespread distribution of low amplitude dissolution seams in the core,
it is suggested that the development of these seams could form under most circumstances also
in presence of dolomite. This indicates that these low amplitude seams forms most easily. In
contrast the high amplitudes are limited to the Palaeoaplysina/phylloid algae boundstone,
indicating to rely on more heterogeneous composition for developing. When dissolution
seams has managed to form in dolomite host rocks, the texture is considered as important for
the amplitudes characterization of low or high. Texture including microdolomite and/or fine
rhombic crystals with limited pores, is indicated to favor low amplitudes due to the limited
vertical deviation. In contrast, high amplitude is suggested to form when the texture is more
scattered packed or have larger dolomite crystals. Here the seams have had a wider freedom
of movement, and in order to form, they had to develop around the large crystals resulting in
high amplitudes. As the coarse texture is limited in the core, it could explain the few

dissolution seams with high amplitude. Scoffin (1987) asserted, that greater thickness of
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insoluble material constituting the seam is associated with smaller amplitude height. Based on
this and the widespread distribution of the dissolution seams with low amplitude, the core is
considered to have a high clay content. The combination of the dolomite limitations and high
clay content is suggested to explain the enclosed dolomite crystals (Figure 6.14), where seams
had to enclose the crystals instead of develop around. Likewise with the nodule-bounding

seams, only here the mud content was smaller.

7.2.5 Style of stylolite

Dolomites relation to stylolites style and mean amplitude value

From the results it is indicated that the limitations of dolomite and clay content that control
the dissolution seams behavior and style are also controlling the stylolites. When the texture
includes microdolomite and/or fine rhombic crystals with limited pores, stylolites do not
develop. However, when the stylolites manage to form in a dolomite host rock, it is within a
dolomite texture that is scattered packed or has larger dolomite crystals. Here, the result
would be small amplitude values, where the amplitude is characterized as low and often

columnar (boundstones in section 4, Figure 6.2 and 6.4) and nodule-bounding seams.

Calcite cementations relation to stylolites style and mean amplitude value

In contrast to the limitations caused by dolomite, both stylolite frequency and amplitude
values are higher, in addition as the characterized high amplitudes are more widespread in
calcite-dominated intervals. When comparing the stylolites mean amplitude values in calcite
dominated boundstones with the ones in the calcite dominated mud-supported rocks
(mudstone and wackestone), a minor difference occur, and both includes stylolites with
amplitudes characterized as high. This suggests that the mean amplitude size and
characterization of low or high, relies on the presence of features that acts as obstacles rather
than the amount, this includes fossils constituting the primary composition of the rock. The
sizes and resistance of the obstacles would reflect the necessary offsets the stylolites needed
to take in order to form, and thereby controlling the mean amplitude value. In the core,
stylolites are seen crosscutting and dissolving mainly corals (Figure 6.13B) and foraminifera
(Figure 6.13A) implying that these fossils have low resistance and do not influence on the
stylolites amplitude. In contrast crinoid stalks and dolomite rhombohedra crystals suggest the

opposite, as stylolites are forced to develop around these features during their formation and
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thereby promoting higher amplitudes both in values. The high resistance among crinoids
could be explained by epitaxial cementation that normally develops among these fossils,
whereas the dolomite high resistance to chemical compaction have already been discussed
(James and Choquette, 1984, Hanken et al., 2010). These and other actual obstacles could
include numerous variations e.g. in composition, porosity, early cementation, dolomite etc.,
and resulting in variable mean amplitude sizes, as seen in the upper boundstone of section 2.
When considering the mean amplitude values of the stylolites in the core, they seem to be
limited to approximately 9 mm, independently of depth, suggesting a threshold of maximum

size in the core.

As mentioned earlier Scoffin (1987) asserted that the complexity of the stylolites morphology
relies on the amount of clay. Based on this the stylolites of smooth style would represents
high mud content and the irregular style lower mud content. As the irregular and hummocky
style correlates with the same depth as the swarms that are interpreted to represent high clay

content, support the styles relation to mud content.

7.3 The seams effect on the host rock

From the petrography results, the influence of chemical compaction on the host rock and
thereby porosity is shown to be significant. Correlations between cementation and seams
(Figure 6.12 and 6.13), suggests that the dissolved ions have migrated away from the seam
into areas of less pressure where cement was deposited (Choquette and James, 1987, Scoffin,
1987, Moore and Wade, 2013). A somehow larger distance of the cementation occurs near the
sets of seams (Figure 6.15B,C, D). However, as seen in the results (Figure 6.12B and 6.15D),
cementation is often limited to the two outer seams or just outside. This indicates that these

two seams act as permeability barriers.

In several occasions the alteration of the host rock or dissolution of fossils often are located to
one side of the seam (Figure 6.12A, B, C, D and Figure 6.13A,B), this is suggested to reflect
extensive calcite cementation (Figure 6.12C, D), early dolomitization near the seam (Figure
6.12E), or presence of fossils (Figure 6.13A,B), acting as barriers for ion migrations. Also,
often the seam is suggested to act as a seal, limiting any ion transportation across it (Figure

6.12A, C, D and Figure 6.13B), this is seen among both single and sets of seams. It is
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suggested that presence of higher contents of insoluble material has increased the strength and

formed a tighter structure at the seam and thereby favoring sealing.

7.4 Porosity distribution

It is clear that all of the carbonate sediments in the core have been exposed to different degree
of diagenesis. The porosity results (chapter 5.3) show that intercrystalline and tight porosity
are the most common porosity types in the core, whereas interparticle porosity has
intermediate distribution while the moldic and microporosity do occur, but are considered as
insignificant as they only are registered with three and two values which makes it difficult to
evaluate their occurrence. Therefore it has been chosen to exclude the moldic and
microporosity from the discussion. It is suggested that the diagenetic factors of early calcite
cementation, dolomitization, and chemical compaction controls the pressure solution seams
distribution, but also are essential for the porosity distribution. In addition, the primary
composition of the rock has major impact by determining how susceptible the rock is to

diagenesis and thereby influence how the final porosity would develop.

7.4.1 Intercrystalline porosity

The most dominating porosity class in the core is the intercrystalline, which occurs in the
intervals where partial or total dolomitization has taken place. This porosity type occurs in all
of the carbonate facies and carbonate dominated intervals in the core when excluding the
anhydrite facies (Figure 5.17). A higher frequency of this porosity class occurs in section 4, 7
and 8. All of these sections are interpreted to been deposited in shallow subtidal or intertidal
environments (chapter 7.1). This suggests a relation between porosity type and depositional
environment. As discussed above, a small degree of dolomitization occur in relation to the
seams in mudstones. Since this dolomitization mostly occurs in relation to fine-grained
mudstones that often show lack of porosity in depth, the formation of intercrystalline porosity

in a limited zone could have a significant effect on reservoir quality.
When considering the available porosity values after Ehrenberg et al. (2000), the mudstone

facies has a wide distribution ranging from 7-31%, where the highest values are located in

sections 7 and 8 e.g. the mudstone in subtidal areas. The boundstone facies has a maximum of
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17%, though usually between 6-15%. Both of these two facies includes a patchy pore
distribution, which according to Lenegy (2006) would have a high permeability. Therefore
based on the pore distribution and porosity values it is indicated that both of these facies have
optimal reservoir porosity (Moore and Wade, 2013). The porosity values in the dolomitized
boundstone and mudstone are distinctly higher than in the undolomitized intervals of the same
facies. However, presence of the seams could contribute to lowering of the porosity in a

dolomitized host rock as the areas near seams have a lower porosity due do cementation.

7.4.2 Tight porosity

The tight porosity class is common in the Palaeoaplysina/phylloid algae boundstone,
mudstone and anhydrite. In the boundstone and the mudstone it is dominating when calcite
cemented and partly dolomitized, and in addition it occurs where the mudstone is
dolomitized. From the previous discussion (chapter 7.2.2) it is shown that boundstones are
commonly exposed to early calcite cementation, resulting in a tight rock as seen in the lower
boundstone in section 7 (Figure 5.17). This is seen in tight undolomitized mudstone as well.
However, early calcite cementation also favors stylolites. The formation of stylolites is
porosity destructive as the produced ions may oversaturate the pore fluid and precipitate
cement in nearby pores (Hanken et al., 2010). This suggests a negative correlation between
porosity and the number of stylolites. This correlates also well with the porosity profiles and
stylolite frequency presented in Ehrenberg et al. (1998b), where a high number of stylolites
are correlated with low porosity and where the main cause is interpreted to be coarse calcite
spar. It is difficult to predict the same trend among the mudstone facies, as these could be
tight due to other factors such as mechanical compaction or early cementation. Both mudstone
and boundstone are appearing tight when only partly dolomitized, due to extensive calcite
cementation. In a few occasions dolomitic mudstone appears tight due to closely packed
dolomite crystals. Another significant process that could explain the tight composition in the
undolomitized mudstone is mechanical compaction. Compaction is known to be very porosity
destructive during the first meters of burial (Choquette and James, 1987, Fliigel, 2010). When
considering the anhydrite, it is suggested that this is tight due to the original compositions low

porosity and its exposure to mechanical compaction.
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7.4.3 Interparticle porosity

Interparticle porosity classification is dominantly occurring among the undolomitized or
partly dolomitized mud-dominated facies (mudstone and wackestone) (Figure 5.17). Due to
early cementation mechanical compaction is prevented (Scoffin, 1987). At the same time, the
limited extension of cement is suggested and therefore interparticle porosity was favored.
Also, due to the lack of seams the intervals interparticle porosity has favored a preservation of
the remaining porosity after early cementation. The interparticle porosity is most common in
section 7 and 8 when representing intertidal environment (Figure 7.1). Presence of
interparticle porosity in partly dolomitized mudstone resulted in a significant higher porosity
than in undolomitized boundstone and mudstone with the same porosity classes. This suggests
that presence of dolomite has enhanced the porosity. However, it is difficult to estimate an
overall trend as the data is limited, and much would rely on the degree of cementation and

dolomitization.
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Conclusion

This study concludes that Core 7030/03-U-01 comprises 10 facies where 7 of these include

carbonate sediments and are located in the @rn Formation. Based on the vertical arrangement

of the interpreted facies, 8 facies sections have been defined and interpreted to represent

different facies zones of a distal to proximal cross section of a shallow carbonate ramp

environment.

From the grouping and classification of the dissolution seams and stylolites in the Orn

Formation it is concluded:

The dissolution seams require a significant amount of clay in order to develop, though
they form under several conditions and consequently are the most common type of
seam in the core. The formation of stylolites require lesser amount of clay than the
dissolution seams and in addition they rely on the presence of early calcite
cementation in order to form. Therefore, the depositional environment and facies
composition is controlling the type of seams that would form. The dissolution seams
are favored by mud-rich facies (mudstone and wackestone) uniform morphology and
deposition in calm environments in the lagoon. The stylolites are favored by the
heterogeneous composition of the Palaeoaplysina/phylloid algae boundstone. The
higher water energy level occurring during deposition of the Palaeoaplysina/phylloid
algae boundstone at the shallow ramp prevents a high accumulation of clay; though
favor early cementation that is necessary for stylolites to develop.

Stylolites and dissolution seams are inhibited in host rocks comprising dolomite.
However dissolution seams appear in homogenous fine-grained dolomite texture.
Dolomite cement also appears in small amounts adjacent to the seams.

With higher clay content, dissolution seams would form swarms, anastomosing sets
and low style amplitudes; and if fossils are present also nodule-bounding seams would
form. If the clay content is lower a high amplitude style would formed. The dolomite
texture of the host rock is also important for the dissolution seam amplitude style, so
when densely packed and fine-grained crystals of dolomite occur, it favors formation
of a low amplitude style. With a coarser dolomite texture and/or more pores high

amplitudes would form.
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* Dolomite texture is also important for the style of the stylolite. Fine-grained densely
packed crystals would inhibit formation of stylolites, while with coarse-grained
dolomite crystals a style of low and columnar amplitude would form, and smaller
mean amplitude values, as well as nodule-bounding stylolites. In calcite-dominated
intervals the mean amplitude value relies on the size of the obstacle or fossils. Crinoid
stalks and dolomite crystals favor higher amplitude values due to high resistance to
chemical compaction whereas foraminifera and corals appear to not affect the value.
High clay content favors complex stylolite styles.

* The petrography of the pressure solution seams shows that early cementation, early
dolomitization or fossils and the seam itself act as barriers for the ion-migration
associated with chemical compaction. Also, the seam itself could act as a barrier.
During chemical compaction the ions usually migrate away from the seam and deposit

as cement.

The main porosity classes in the core are intercrystalline, tight and interparticle porosity.
These have shown to mainly be controlled by dolomitization, early carbonate
cementation, chemical and mechanical compaction. The intercrystalline porosity is most
common and has developed in relation to dolomitization of Palaeoaplysina/phylloid algae
boundstone and mudstone and is indicated to have occurred already in the depositional
environment in the shallow subtidal and intertidal environment. These lithologies have
porosity values making good candidates for reservoirs, where the mudstone has the

highest porosity values.



Further work

Further work should be done by correlating the results from this study with
comparable data from several locations, in order to investigate if the results in this
study are a general trend.

The heterogeneities in this study is limited to Dunham classification and visual
comparison, therefore heterogeneities should be investigated at a smaller scale to
obtain a better understanding of what the controlling factors are.

The dolomite should be investigated on a more detailed scale to find out when it
becomes a limitation for the development and occurrence of dissolution seams and
stylolites.

To obtain a better understanding how the clay are controlling the stylolites and
dissolutions seams behavior, the quantitative clay content and the clay mineralogy
should be investigated.

Investigate the controlling factors of where the ions formed by chemical compaction
would migrate and precipitate as cement.

A further study of the dolomitization related to the pressure solution seams would give
an better understanding of the amount and effect the developed intercrystalline

porosity would have on the reservoirs conditions.
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