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Cementation of chalk and fractures in a naturally fractured reservoir: Petrographic and isotopic 

implication (The Kraka Field). 

 

Aslaug Clemmensen Glad acglad@dtu.dk and Frédéric Amour amour@dtu.dk, DHRTC  

 

Session: Naturally fractured reservoirs  

 

The present study aims at characterizing the types of fracture and the timing of phases of 

cementation taking place during chalk diagenesis within the Kraka Field. Three types of 

fractures are identified in cores: Partially cemented, brecciated and sheared fractures. Whereas 

the brecciated fractures are cemented by blocky calcite cement, partially-cemented fractures 

can be divided into two groups. A first group shows an early, polyphase quartz cementation 

followed by calcite cementation. The second group contains one single phase of calcite 

cementation. 

 

Isotopic analysis of δ13C and δ18O were carried out using bulk rock samples and calcite cement 

that precipitated in intraparticle porosity and fractures. The δ13C and δ18O values range from 

+0.53‰ to +1.31‰ and -9.86‰ to -3.88‰, respectively. The isotopic values of calcite cement 

are more depleted in oxygen than bulk rock samples. In addition, calcite cement in intraparticle 

porosity is slightly more depleted in carbon and oxygen than in fractures, suggesting that it 

precipitated slightly later during burial. The resemblance in isotopic compositions in all 

fracture-filling cements sampled indicates similar diagenetic conditions during fracture 

cementation, despite a significant difference in the style of deformation recorded by the types 

of fractures described. Measured isotopic compositions are compared to similar studies in the 

North Sea and generally have high resemblance in both cement and bulk rock values. 
 

 

Introduction 

 

Natural and induced fractures primary control the effective permeability of chalk, and, at a larger scale, 

influence reservoir flow properties (Bisdom et al., 2016; Hardebol et al., 2015). Prior to hydrocarbon 

charging, compaction of chalk during burial implies the development of an extensive network of 

fractures at a sub-seismic scale that can be sealed by phases of dissolution-precipitation (Moreau et al., 

2016). These fractures are part of the main conduits for fluid flow during production and healed 

fractures, that represent mechanically weaker planes compared to the host rock, can be re-activated 

during production-related reservoir deformation (Astratti et al., 2015). The present study aims at 

characterizing the types of fracture and the timing of multiple phases of cementation taking place during 

chalk diagenesis within the Kraka Field (Danish North Sea). Petrographic and isotopic analyses carried 

out on samples of the bulk rock and calcite cement, help at constraining the diagenetic conditions during 

which calcite precipitated and the relative timing between phases of fracturing, fracture cementation, 

and pore-filling cementation. 

 

The Kraka Field (Figure 1) in the southeastern part of the Danish Central Graben is an anticlinal 

structure induced through several phases of halokinesis spanning from the early Late Cretaceous to 
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Paleocene. The Kraka reservoir consists of the Ekofisk Formation of Danian age, a naturally fractured 

and overpressured chalk interval, subdivided into the upper Danian Porous and the lower Danian Tight 

units. Average matrix permeability of pure chalk is 0.88 mD and the fracture network is the main driving 

factor of fluid flow within the reservoir (Jørgensen and Andersen, 1991). We use a combination of core 

studies, optical microscopy and isotope analysis of 13C and 18O to study and characterize fracture types 

and fracture-filling cements in the Kraka Field. 

 

Figure 1 A. Map of the Central North Sea with distributions of oil and gas fields in chalk. The Kraka 

Field is located in the southern part of the North Sea (after Abramowitz et al., 2010). B. Composite log 

of the Ekofisk Fm. illustrating the total water saturation (SWT), clay content, density porosity (green 

curve) and core plug porosity (square), texture, and distribution of compaction features (stylolite and 

clay seam,) and chert. (Amour, pers. commun.). m = marl, M = mudstone, W = wackestone, F = 

floatstone. 

 

Methodology 

Visual inspections of cores from wells A2, A3, A-4P and A-5P constitute the base for characterizing the 

fracture types. Petrographic studies of cemented fractures are done using an Axio Scope.A1 Polarized 

Light Microscope and photographically documented using AxioVision Rel. 4.8.2. SP3. Eleven core 

samples from three wells (A2, A-4P and A-5P) are analysed for isotopic compositions of 13C and 18O. 

Four samples are bulk rock consisting of >80% pure calcite carbonate. In addition, fracture-filling and 

intraparticle calcite cement are analysed on seven samples located along fractures and within a 

brachiopod shell. Isotopic samples are crushed and calcite crystals are collected under a Leica EZ4D 

microscope using tweezers. The samples are analyzed by Iso-Analytical Limited Company (United 

Kingdom). 

 

Core and petrographic analysis 

 

Three types of fractures are identified along the cores (Figure 2); partially cemented fractures, 

brecciated fractures and sheared fractures. The partially cemented fractures are the first type of fractures 

to develop. The fractures are discontinuous, locally folded and show signs of brittle deformation along 

the vertical axis. The occurrence of clay-rich laminae influences fracture propagation. In addition, the 

partially cemented fractures are categorized into two groups according to the type of fracture-filling 

cement observed under microscope (Figure 3). The first fracture group is cemented by phases of silica 

along the edges and with calcite in the central part. Two phases of silica cementation is observed and 

associated with clusters of pyrite. The silica cement has a homogeneous texture and show locally micro-

fractures filled by calcite cement (Figure 3A). In the central part of the fracture, blocky calcite cement 



is observed. The other set of fractures displays one single phase of calcite cementation (Figure 3B). The 

brecciated fractures developed after the partially cemented fractures, but prior to the sheared fractures, 

which are observed cutting the brecciated interval. The brecciated fracture is fully cemented by blocky 

calcite cement and consists of angular, up to 1 cm-long, chalk intraclasts. The sheared fractures are the 

youngest fracture type to develop. Not enough calcite cement was observed along the fracture planes to 

carry out isotopic analysis. Calcite cement in the sheared fracture displays striations.  

Figure 2 Brecciated fracture filled by angular intraclasts of chalk and calcite cement. The X marks the 

location for sampling of material for isotopic analysis.    

Figure 3 Petrographic characteristics of the two types of partially-cemented fractures. A.  Fracture 

filled by silica cements along the edges, cut by calcite-filled micro-fractures (arrow), and with calcite 

cement in the central part. B. Fracture filled with calcite cement.  

Isotopic analysis 

The δ13C values are relatively stable between samples of the bulk rock and the calcite cement that 

precipitated within fractures and intraparticle porosity. The values fall within a narrow field ranging 

from +0.53‰ to +1.31‰. Contrarily, the δ18O isotopic signal displays a wide range of values, averaging 

-4.21‰, -8.58‰, -9.85‰ for the bulk rock, and the calcite cement in fractures and in intraparticle 

porosity, respectively (Table 1; Figure 4). Interestingly, the δ13C and δ18O isotope values of calcite 

cement are alike between the partially cemented fractures and the brecciated fractures. The results 

suggest that these fractures were healed at a similar period during burial. Chalk in the Kraka reservoir 

has experienced various types of deformation, i) localised with no to minor displacement along the 

fracture planes as shown by the discontinuous, partially cemented fractures and ii) more pronounced 

deformation recorded by the brecciated fractures. These two types of deformation were sealed at 

similar diagenetic conditions. In addition, the δ13C and δ18O isotope values of calcite cement are more 

depleted in oxygen than bulk rock samples, and calcite cement in intraparticle porosity is slightly more 

depleted in carbon and oxygen than in fractures. The geochemical data from the bulk rock analysis are 

in the lower range of the values reported by Egeberg and Saigal (1991) on samples from the Ekofisk 

Fm. in the Norwegian sector. The calcite cement within fractures and intraparticle porosity also 

displays δ13C and δ18O isotope values similar to previous studies (Hu et al. 2012; Egeberg and Saigal, 

1991). 

A 
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Table 1 Overview of δ13C and δ18O isotope compositions in bulk rock, fracture-filling calcite cement 

and calcite cement of a brachiopod from the Kraka Field.  

 
 

Figure 4 Cross-plot of δ13C and δ18O values in bulk rock, fracture-filling cement and intraparticle 

cement samples from the Kraka Field.   

Conclusion 

 

Three types of fractures are identified in cores from the Kraka Field: Partially cemented, brecciated and 

sheared fractures. Chalk in the Kraka reservoir has experienced various types of deformation, i) 

localised with no to minor displacement along the fracture planes as shown by the discontinuous, 

partially cemented fractures and ii) more pronounced deformation recorded by the brecciated fractures. 

The fractures are fully or partially filled with cement, which constitutes an obstacle for hydrocarbon 

migration. Whereas the brecciated fractures are cemented by blocky calcite cement, partially-cemented 

fractures can be divided into two groups. A first group shows an early, polyphase quartz cementation 

followed by calcite cementation. The second group of fracture-filling cements contains one single phase 

of calcite cementation. Isotopic analysis of δ13C and δ18O were carried out using bulk rock samples and 

calcite cement that precipitated in intraparticle porosity (brachiopod shell) and fractures. The δ13C and 

δ18O isotopic values of calcite cement and bulk rock ranges from +0.53‰ to +1.31‰ and -9.86‰ to -



3.88‰, respectively. The calcite cement are more depleted in oxygen than bulk rock samples, and 

calcite cement in intraparticle porosity is slightly more depleted in carbon and oxygen than in fractures. 

This result suggest that intraparticle cement precipitated slightly later during burial compared to 

fracture-filling cement. In addition, the δ13C and δ18O isotopic values of the partially cemented and 

brecciated fractures are similar, ranging from +1.08‰ to +1.31‰ and from -8.01‰ to -8.99‰, 

respectively. The results suggest that fractures were healed at a similar diagenetic condition, despite a 

significant difference in the style of deformation recorded by the types of fractures described. Generally 

the results are in accordance with similar studies on chalk, intraparticle cement and fracture-filling 

cements in the North Sea.   
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