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Abstract 

The Upper Cretaceous deposits of the Chalk Group have been a subject of 

investigation since the 1800s. They are of great importance to the region of 

South Limburg, the Netherlands. The Chalk Group aquifers are used for the 

extraction of groundwater in the region. Recently, the groundwater quality 

has deteriorated over the years from contamination related to urban activity. 

The current subsurface geological model doesn’t accurately represent the 

geology of South Limburg as it is not entirely well defined due to the lack 

of sedimentology studies which in return affects the groundwater safety 

measures needed to control the quality of the groundwater in the subsurface. 

In order to understand the depositional evolution and lithofacies changes 

within the Chalk Group formations in South Limburg, the Roer Valley 

Graben influence on the deposits of the Chalk Group has to be studied. I 

studied the data from Beek04 borehole located in the western part of South 

Limburg. The study encompasses lithofacies analysis, microfacies 

characterization, integration with wireline logs, and identification of 

aquifers’ properties using petrophysical data. The results from this study 

were correlated with the Eys01 borehole located in the eastern part of South 

Limburg to assess the influence of the Roer Valley graben inversion and 

lateral continuity of the Chalk Group formations in the area of interest. The 

main outcome of this research is that the Beek04 borehole recovered the 

Gulpen Formation contrary to the current interpretation found in DINOloket 

DGM model which assumes that the Gulpen Formation is entirely missing 

in Beek04 borehole. This finding marks the first step towards improving the 

current subsurface geological model in South Limburg which in return can 

be used to improve the (hydro)stratigraphic model of the region.  
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1. Introduction 
Upper Cretaceous deposits of the Chalk Group have been a subject of 

investigation since the 1800s (e.g., Fitton, 1834; Dumont, 1849). They have 

economic significance as they have been used for oil and gas exploration in 

the North Sea (Megson et al., 2005) or flint mining in the southern part of 

the Netherlands (Boyston et al., 2023). In the region of South Limburg, the 

Chalk Group aquifers have been used for the extraction of groundwater. 

However, the quality of the groundwater has deteriorated by nitrate and 

pesticides from nearby urban activity over the years (Van Maanen et al., 

2001). In order to implement groundwater safety measures, an updated 

geological model of the subsurface is needed as the current subsurface 

model does not accurately represent the architecture and distribution of the 

Chalk Group in the region.  

The region of South Limburg is situated between the Roer Valley Graben, to 

the north, and the Rhenish Massif, to the south (Fig. 1). In the Late 

Cretaceous, this region has been affected by tectonic events and sea level 

fluctuations that shaped and influenced the geology of the area (Bless et al., 

1986; Gras & Geluk, 1995). The Roer Valley Graben underwent inversion 

during the Subhercynian tectonic phase of Santonian to Campanian age 

(Van Wijhe, 1987a, b; Geluk et al.,1994; Nalpas et al., 1996; Gras & Geluk, 

1999). During that time, the Chalk Group was deposited as a consequence 

of a transgression along the northern edge of the Brabant Massif (Felder & 

Bosch, 2000; Herngreen, 2007). The Chalk Group was deposited in the 

more proximal part of the Chalk Sea, which flooded the northwest of 

Europe during the Late Cretaceous (Mortimore, 2018). The interplay 

between sedimentation and tectonics resulted in heterogeneities of the Chalk 

Group formations in the area of interest. 
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Fig. 1: Location map of South Limburg highlighted in the red box, showing the distribution of The Chalk Group 

deposits in NW Europe, structural elements, and location of boreholes as triangles (Beek04 in red – Eys01 in white) 

Fig. 2: Lithostratigraphic subdivision of the Chalk Group (Felder & Bosch, 2000; Kroth et al., 2024) 

The Chalk Group is traditionally subdivided into five formations: Aken 

(siliciclastic dominated), Vaals (siliciclastic dominated), Gulpen (mixed 

siliciclastic and carbonate), Maastricht (carbonate dominated), and Houthem 

formations (carbonate dominated), (Felder & Bosch, 2000). The Maastricht 

Formation was informally subdivided into two facies, Maastricht (in the 

west) and Kunrade facies (in the east). However, Kroth et al., (2024) 

suggested that the Kunrade facies should be afforded the status of formation 

as it is a mappable unit that displays significant differences when compared 

with the Maastricht facies. (Fig. 2).  

 

 

 

 

 

 

 

Fig. 2: Lithostratigraphic subdivision of the Chalk Group with the tectonic events. 

Maastricht Kunrade 
? 
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In order to understand the architecture and distribution of the Chalk Group 

in the region, the influence of the Roer Valley Graben on the sedimentation 

of the Chalk Group needs to be investigated. According to Bless et al., 

(1986), the inverted Roer Valley Graben is considered to have been a source 

of siliciclastic material to the region of South Limburg. Thus, creating 

heterogeneities in the deposits of the Chalk Group. Based on that, Felder 

(1975), Felder (1985) and Felder & Bosch (2000) proposed an informal 

east-west subdivision of the formations of the Chalk Group in South 

Limburg. 

A product of this inversion is the pre Valkenburg strata. Those deposits were 

introduced by Felder (1985) using the term “pre-Valkenburg strata” to 

describe the transitional facies characterized by marly, glauconitic sands and 

silts found in between the Vaals and Maastricht formations. The pre-

Valkenburg strata is equivalent to the Gulpen Formation. It was observed in 

South Limburg and is associated with areas that are affected by faults 

(Felder, 1985). According to Jagt et al., (1987), the pre-Valkenburg strata 

contains erosional products associated with the inverted Roer Valley 

Graben. Thus, more siliciclastic material is expected in the Gulpen 

Formation around the inverted Roer Valley Graben. In opposite to the 

southern part of South Limburg where the Gulpen Formation was studied 

(e.g., the ENCI and Hallembaye quarries) and is mainly composed of finer 

grained chalk deposits with minor siliciclastic material (Vellekoop et al., 

2022). 

To study the impact of the Roer Valley Graben inversion in South Limburg, 

I studied the Beek04 borehole located in the northwestern part and 

correlated it with the Eys01 borehole located in the northeastern part of 

South Limburg. The location of the boreholes enables the assessment of the 

east-west lateral continuity of the deposits. In addition, since both boreholes 

located in the north of South Limburg, in a proximal location to the inverted 

Roer Valley Graben, comparisons between the northern part of South 

Limburg with the southern part of South Limburg were made to gain a 

regional understanding of the heterogeneities of the Chalk Group 

formations.  

In this study, I carried out a lithofacies and microfacies analysis of the cores 

of the Beek04 borehole. In addition, petrophysical properties of the rocks 

(e.g., porosity and permeability) were measured from cores and thin 

sections. This is done to update the stratigraphy of the Beek04 borehole, to 

gain a regional understanding of the geology of the area and to identify 

aquifers’ properties of the Chalk Group in South Limburg. 

The main outcome of this study is that the Beek04 borehole recovered the 

Gulpen Formation, which doesn't agree with the current interpretation found 

in Dinoloket DGM model (Fig. 3) where the Gulpen Formation is assumed 

to be entirely missing in the borehole. Such discrepancies in identifying 
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formations in the subsurface limit the accuracy of the (hydro)stratigraphic 

model in South Limburg which in return affects the groundwater safety 

measures needed to solve the problem. Thus, the generated petrophysical 

properties of the formations of the Chalk Group (table 1) can be used with 

the updated lithostratigraphic division of the Beek04 borehole to update the 

(hydro)stratigraphic model in South Limburg. 

 

  

Fig. 3: A) Subsurface model obtained from DINOloket DGM model for cross section (A-A’) with the location of Beek04 

borehole and the cored interval highlighted in the red box. The current geological model assumes that entire Gulpen Formation is 

missing in the Beek04 borehole with a considerably thicker Maastricht Formation succession than observed in the SW. B) 

Location map of cross section (A-A’). C) Compares the current subdivision of the Beek04 borehole versus the proposed 

subdivision from this study which suggests the deposition of the Gulpen Formation in Beek04 borehole. 
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2. Materials and Methods  
In this research, I studied the data obtained from cores of the Beek04 

borehole. The borehole was drilled in 1983 by Shell. It is located in South 

Limburg, in the Maastricht airport terrain with the following UTM 

coordinates 31U (694938, 5644750). The total depth of the borehole is 

263.85 m and the elevation is 110.5 m.  

2.1 Beek04 Cores 

The cored interval (147.2–264 m) corresponds to Vaals, Gulpen, Maastricht 

and Houthem formations. The cores were cut from a vertical borehole 

drilled normal to bedding. I studied the cored interval from (264-167 m), 

disregarding the upper part of the core from (167-147.2 m) due to the state 

of the cores, as I observed missing sections and poor recovery rate (16.7%). 

2.2 Core Description 

The core description was used to identify lithofacies and to understand the 

vertical succession of the Chalk Group in this locality. I described the cores 

focusing on grain size, composition, bioturbation and color. 

For the grain size description, I used Wentworth (1922) grain size 

classification scheme to describe changes in the grain size of the rocks. As 

for the composition of the rocks, I adapted a modified version of  

Macquaker & Adams (2003) classification scheme which uses the term 

“dominated” if the rock contains more than 90% of the same material, the 

term “rich” if the rock contains 50-90% of the same material, the term 

“bearing” if the rock contains 50-10% of the same material, the term 

“minor” if the rock contains 5-10% of the same material and finally, the 

term “rare” if the rock contains 0-5% of the same material. 

Bioturbation was characterized using the bioturbation intensity index of 

Droser & Bottjer (1986), which ranges from 1 (no bioturbation observed) to 

6 (bedding is homogenized). Lastly, I used Campbell, (1967) terminology to 

describe the lamina and bed thickness and texture. 

2.3 Sampling Strategy 

I collected a total of 49 samples across the cored interval. The samples were 

used for petrography analysis at a maximum distance of 3 m between 

samples with more dense sampling intervals throughout the core in key 

locations corresponding to facies change (see Fig. 4 for sample locations 

and density). 

2.4 Thin Sections 

The samples were prepared by Wagner Petrographic. The samples’ slide 

thickness is 30 µm thick with Alizarin red staining to detect and distinguish 

calcite from dolomite and impregnated with blue epoxy to identify porosity. 

I described the thin sections qualitatively focusing on grain type, grain size, 

texture using Dunham (1962) for carbonate rocks, roundness, sorting, as 
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well as the presence of cement, mud, fractures, bioturbation and porosity. 

Also, semi-quantitative description was performed by visually estimating 

the relative percentage of each component found in the samples. The thin 

sections were used to aid in identifying microfacies and investigate pore 

types and distribution as well as cement presence in the rocks. 

2.5 Porosity Estimation 

Porosity was described using Choquette and Pray's method (1970) and 

estimated quantitatively by image analysis. ImageJ software was used for 

this purpose. A 10×15 mm rectangle from the thin section was chosen, after 

which I used color thresholds that best matched the color of the blue-dyed 

epoxy in pore spaces. The porosity was calculated by dividing the sum of 

the entire area of selected pores by the total area of the rectangle. To quality 

check the results, I compared the shape (morphology) and size of the 

porosity polygons generated by the software with the original porosity of 

the micrograph. In addition, I measured porosity three times for each thin 

section with an average error of ±3%. 

2.6 Logs Data 

The data set obtained from the borehole includes gamma ray and resistivity 

wireline logs that were used to correlate the data from Beek04 to nearby 

boreholes (Eys01). In addition, a horizontal permeability log was measured 

from the core with a 30 cm spacing between measurements to gain a better 

understanding of the aquifer’s properties. The measurements were done 

using NER’s TinyPerm device which is a handheld air permeameter used to 

measure rocks’ matrix permeability.  

2.7 Correlation with Eys01 Borehole 

The Eys01 borehole was studied by Kooij, (2023). Observations made on 

the Eys01 cores will be compared with observations made on the cores of 

the Beek04 borehole. The Eys01 borehole is located in the east of South 

Limburg, in a proximal location relative to the Roer Valley Graben. Thus, 

both the influence of the Roer Valley Graben and the lateral heterogeneities 

of the Chalk Group formations were investigated to gain a regional 

understanding of the subsurface geology. 
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3. Results  

3.1 Description of the Beek04 borehole 

A total of 93.5 m of cores were described from the Beek04 borehole. The 

studied cored interval is from 264 m to 167 m with a 96.5% recovery rate. 

In general, the Beek04 borehole can be subdivided into three intervals, 

siliciclastic dominated interval in the bottom of the cores, mixed siliciclastic 

and carbonate interval in the middle of the cores and a pure carbonate 

interval in the upper part of the cores (Fig. 4).  

The bottom part of the cores from 264 to 246 m is a siliciclastic dominated 

interval that is made up of two coarsening upward cycles of sandy 

glauconite bearing siltstones grading into very fine to fine glauconite 

bearing sandstone which are overlain by a breccia towards the uppermost 

part of the interval. Skeletal fragments and bivalves were observed as well 

in the interval between 264-246 m. Three lithofacies (A1-A3) were 

identified in the succession (264-246) m. In addition, wireline logs are 

showing different logs signatures for this interval when compared to the rest 

of the cores. It shows a higher gamma ray signature than the carbonate 

intervals (Fig. 4). 

The contact between the siliciclastic dominated interval and the overlying 

mixed siliciclastic and carbonate interval is unconformable and 

characterized by an abrupt change in lithology (Fig. 5). The upper 6 cm of 

the siliciclastic dominated interval is composed of breccia (A3) that is 

followed by a cemented limestone (B1) (Fig. 5C) found at the base of the 

mixed siliciclastic and carbonate interval. In addition, microfacies unit M3 

in the upper part of the siliciclastic dominated interval contains medium to 

very coarse, rounded quartz grains mixed in a matrix composed of very fine 

to fine, angular to sub-angular quartz grains (Fig. 5B). 

The interval from 246 m to 192 m consists of mixed siliciclastic and 

carbonate rocks interbedded with siliciclastic rocks in the bottom part, 

cleaning upwards to a more carbonates dominated deposits towards the top 

of the interval. It is made up of very fine to fine, bioturbated calcarenites. 

The calcarenites can be subdivided in two facies units based on 

cementation. One unit is soft, partly cemented with minor quartz and 

glauconite content. The other unit is indurated, cemented with rare quartz 

and glauconite content. Bivalves, bryozoans, skeletal fragments were 

observed in the calcarenites. In addition, laminated, glauconite bearing, very 

fine to fine sandstones are interbedded with the calcarenites. This interval 

contains flint nodules that are mostly found in the highly cemented 

intervals. Flint nodules are dark grey, 2-5 cm thick and have an irregular 

shape in the bottom part of the interval. Flint nodules in the upper part are 

weakly developed, more abundant and less extensive with light grey color. I 

identified 4 facies (B1-B4) in this part of the core. Moreover, looking at the 
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wireline logs signature of this interval. It shows lower gamma ray and 

permeability values when compared to the siliciclastic dominated part of the 

core (Fig. 4). 

The contact between the overlying pure carbonate interval and the mixed 

siliciclastic and carbonate interval in Beek04 appears to be gradual and 

occurs over an approximately 10 meters interval. The deposits towards the 

upper part of the mixed siliciclastic and carbonate interval show a decrease 

in the bioturbation index as well as a decrease of glauconite and siliciclastic 

content to almost equals zero (Fig. 6). 

This interval in the upper part of the core from 192 to 167m is composed of 

pure carbonate deposits with rare siliciclastic input that makes up less than 

1% of the rocks. It is composed of partially cemented, fine to medium 

calcarenites with fossil layers. In addition, a 30 cm muddy calcarenite was 

observed at depth of 174 m. Lastly, the uppermost part of the cores is made 

up of 2 meters thick, very soft (friable) calcarenite. Flint nodules are light 

grey and only appear in the bottom half of the interval. Four lithofacies (C1-

C4) were identified in this part of the cores. In addition, this interval shows 

the cleanest gamma ray log signature and the highest permeability and 

porosity values. Also, we notice that the resistivity logs show separation in 

the values when comparing the three resistivity logs and this can be related 

to the high porosity and permeability values (Fig. 4). 
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Fig. 4: Master log of Beek04 borehole showing core description, thin section locations, lithofacies subdivision, porosity measured from 

thin sections, permeability log measured from the core, GR log and resistivity logs (shallow, medium and deep). The cored interval can be 

subdivided into three main intervals: 1- siliciclastic dominated interval in bottom of the core. 2- mixed carbonate and siliciclastic interval 

in the middle of the core 3- pure carbonate interval in the upper part of the core. The subdivision can also be observed in all the plotted 

logs. Note: legend for the Fig. is in (Appendix A) 
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Fig. 5: A) Core photos showing the contact between Vaals (siliciclastic dominated) and Gulpen (mixed 

carbonate and siliciclastic) formations marked by the red line at 246 m on top of box 105. Red circles highlight 

the position of the thin section shown in B&C. B) Microfacies M3 in the upper part of the Vaals Formation 

contains medium to very coarse, rounded quartz grains mixed in a matrix composed of very fine to fine, 

angular to sub-angular quartz grains. C) Microfacies M4 showing cemented carbonate rocks with rare quartz 

grains. Note the abrupt change in lithology between the two formations.  

Fig. 6: Showing the contact between the Gulpen (mixed carbonate and siliciclastic) and Maastricht (pure carbonate) formations in the 

Beek04 borehole. A) Core description log showing the location of the thin section shown in Fig.s (B to G) and the contact between 

the two formations represented by the color change in the lithology column marked at 191.5 m. G to B) Note the decrease in 

bioturbation index from BI:5 to BI:0 and the decrease in glauconite and siliciclastic content from 10% to almost zero as we move 

from Fig. G (deepest) to Fig. B (shallowest). In addition, these changes are accompanied by an increase in porosity and permeability. 

B) marking the appearance of the Maastricht Formation in the Beek04 borehole characterized by the presence of pure carbonate 

deposits. The contact appears to be gradual and occurs over approximately 10 m interval. 
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3.1.1 Lithofacies 

In total, 11 lithofacies were described in the Beek04 cores. Facies A 

represents the siliciclastic dominated interval in the bottom part of the core. 

Facies B represents the mixed siliciclastic and carbonate interval in the 

middle of the core. Finally, Facies C represents the pure carbonate deposits 

in the upper part of the core. 

A1 – Bioturbated glauconite bearing siltstone. 

Facies A1 is characterized by a light to dark grey, bioturbated (BI:2) 

glauconite bearing siltstone. Bivalve shells both broken and whole with 

random orientation were observed in the rocks. Also, skeletal fragments and 

belemnites are present. The thickness of this facies is around 2 meters, and 

it makes the bottom part of two coarsening upward sequences observed in 

the siliciclastic dominated interval (Fig. 7A). 

A2 – Bioturbated glauconite bearing very fine sandstone. 

This facies is described as a brownish light grey to grey, very fine to fine 

bioturbated (BI:2) glauconite bearing sandstone. The rocks show an 

alternation between indurated (less muddy) and soft (muddier) intervals. I 

observed the same fossils as in facies unit A1 but in less amounts. Facies A2 

maximum thickness is around 8.5 m, it overlies facies A1 and makes the 

upper part of the coarsening upward sequences that were observed in the 

siliciclastic dominated interval (Fig. 7C). 

A3 – Glauconite bearing breccia. 

Facies A3 is characterized by a grey, medium to coarse poorly sorted, 

glauconite bearing breccia. The matrix of the rock is made up of glauconite 

bearing sandstone with rare skeletal fragments. The breccia is overlain by a 

2 cm laminated very fine sandstone where medium to coarse lithoclasts of 

the laminated rock were eroded and redeposited in different orientations 

(Fig. 7E). The thickness of facies A3 is approximately 0.3 m, and it makes 

the upper most part of the siliciclastic dominated interval (Fig. 7E). 

B1 – Indurated very fine calcarenites. 

Facies B1 can be described as off white to light grey cemented very fine to 

fine calcarenites, indurated, bioturbated in part (BI:2) with intervals of dark 

to light grey flint concentrations. Skeletal fragments, (e.g., bryozoans and 

echinoderm spines) were observed in this facies with rare quartz and 

glauconite content. This facies is observed across the whole mixed interval 

with maximum thickness of 0.5 m (Fig. 8A). 

B2 – Soft very fine calcarenites. 

Facies B2 is made up of tan to light grey, partially cemented, very fine to 

fine calcarenites, soft, bioturbated with intervals of weakly developed flint 

concentrations. Skeletal fragments, (e.g., echinoderm spines) are observed 

in this facies unit with minor quartz and glauconite content. Facies B2 has a 

maximum thickness of approximately 1 m and is observed across the mixed 

interval alternating with facies unit B1 (Fig. 8C). 
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B3 - Laminated fine sandstone with glauconitic muddy matrix 

Facies B3 is comprised of grey, to dark grey, very fine to fine glauconite 

bearing sandstone with glauconitic muddy matrix, moderately sorted, soft, 

with rare skeletal fragments. B3 is horizontally laminated and the average 

thickness of facies B3 is approximately 5 cm with a thickness ranging from 

2-10 cm. Facies B3 is found in the bottom part of the mixed interval (Fig. 

8E). 

B4 – Very fine greensand  

Facies B4 is characterized by a greenish grey, to dark grey, very fine to fine 

greensand. It is well sorted, soft and glauconite bearing. The maximum 

thickness of this facies is 1.3 m between 235.5 m and 234.1 m and is found 

in the lower part of the mixed interval (Fig. 8H). 

C1 – Indurated, very fine calcarenites. 

Facies C1 can be described as off white to tan, very fine calcarenite, 

indurated, with intervals of light grey flint concentrations. Skeletal 

fragments are observed in this facies as well as fossil layers. Quartz and 

glauconite content decreased to almost zero. Facies C1 makes up most of 

the pure carbonate interval, its thickness is up to 25 m. The rocks display 

high porosity values up to 20-30% (Fig. 9A).  

C2 – Soft, fine to medium calcarenites 

Facies C2 can be described as light brown, soft, fine to medium calcarenite, 

with intervals of light grey flint concentrations. Skeletal fragments are 

observed in this facies unit as well as fossil layers. Quartz and glauconite 

content decreased to almost zero. The depth interval (176.8 -176.5 m) is 

cross bedded (Fig. 15A) and will be given the code C2A. Visible porosity 

ranging from (5-10%). Facies unit C2 alternates with facies C1. (Fig. 9C) 

C3 – Bioturbated, laminated, muddy very fine calcarenite. 

This facies is made up of greyish brown, laminated, bioturbated (BI:4) 

muddy, poorly sorted, very fine calcarenite with rare skeletal fragments up 

to cm size and rare intraclasts. Facies C3 is 0.3 m thick and can be found in 

the depth range between 174.3-174 m. (Fig. 9E) 

C4 – Friable very fine calcarenite 

Facies C4 is characterized by white to off-white, very fine to silt 

calcarenites with rare skeletal fragments such as bivalves up to 2 cm in size 

and rare intraclasts. This facies occurs only in the upper most part of the 

core. Its thickness is approximately 2 meters. (Fig. 9H) 

4.1.2 Microfacies 

In total, 11 microfacies were described in the Beek04 cores. Microfacies 

(M1-M3) represent the siliciclastic dominated interval in the bottom part of 

the core. Microfacies (M4-M7) represent the mixed siliciclastic and 

carbonate interval in the middle of the core. Finally, microfacies (M8-M11) 

represent the pure carbonate deposits in the upper part of the core. 
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M1 – Bioturbated glauconite bearing siltstone. 

Glauconite bearing siltstone, moderately sorted, angular to sub-angular with 

minor very fine quartz content. Bioturbated (BI:2) with muddy matrix. The 

rock contains minor silt sized bioclasts, mainly skeletal fragments, bivalves 

and foraminifera. Glauconite pellets are dispersed in the rock. Porosity is 

primary (intercrystallite) and secondary (moldic). Also, open fractures are 

observed in this facies (Fig. 7B).  

M2 - Bioturbated glauconite bearing very fine sandstone. 

glauconite bearing sandstone, angular to sub-angular with minor medium 

quartz content. Bioturbated (BI:2-3) with burrows filled mainly with mud 

and bioclasts. The rock can be bioclast bearing with mainly, skeletal 

fragments, echinoderm, bivalves and foraminifera. Porosity is secondary 

(moldic). Glauconite pellets are dispersed in the rock. This microfacies can 

be subdivided into two subunits based on the sorting of the rock. 

Microfacies M2-A is well sorted very fine to fine sandstone, while facies 

M2-B is poorly sorted very fine to fine sandstone with minor medium quartz 

content (Fig. 7D). 

M3 - Bioturbated glauconite bearing poorly sorted fine sandstone. 

glauconite bearing, angular to sub-angular fine sandstone, poorly sorted 

with coarse to very coarse, sub-rounded quartz and rare intraclasts. 

Bioturbated (BI:2) with burrows filled mainly with mud and bioclasts. The 

matrix is muddy and bioclastic mainly skeletal fragments, echinoderm, 

bivalves and foraminifera with very fine angular to sub-angular glauconite. 

Porosity is secondary (moldic) and enlarged by dissolution. Glauconite 

pellets are dispersed in the rock. In addition, calcite cement is present in 

parts of the thin section (Fig. 7E). 

M4 – Cemented bioturbated bioclastic packstone to grainstone. 

Cemented bioclastic packstone with rare coarse silt to very fine quartz and 

glauconite content (0-10%). Bioturbated (BI:1-4), with burrows filled with 

mud or the original rock texture. The rock contains skeletal fragments, 

foraminifera, bryozoans and echinoderm spines. Open fractures and 

partially cemented fractures are observed in thin sections. Blocky calcite 

replaced the original texture of the rock (Fig. 8B). 

M5 – Muddy bioturbated bioclastic packstone. 

Muddy bioclastic packstone with minor moderately sorted coarse silt to very 

fine quartz and glauconite content. Bioturbated (BI:2-5), with burrows filled 

with quartz and glauconitic mud. The rock contains skeletal fragments, 

foraminifera, bryozoa, red algae sponge spicules and echinoderm spines. 
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Open fractures are observed in thin sections. Porosity is primary 

(intercrystallite) and secondary (moldic) (Fig. 8D). 

M6 – Laminated glauconite bearing very fine sandstone. 

Laminated (Fig. 8F), glauconite bearing very fine to fine sandstone, 

moderately sorted, angular to sub-angular with minor silt sized bioclasts. 

The rock contains a dark grey glauconitic muddy matrix. Porosity is 

secondary (moldic) and in open fractures. Glauconite pellets are dispersed 

in the rock. (Fig. 8G). 

M7 – Glauconite bearing very fine greensand. 

Glauconite bearing very fine to fine greensand, well sorted, sub-angular 

with rare silt sized bioclasts. Porosity is primary (intercrystallite) and 

secondary (moldic). Also, open fractures are observed in this facies. 

Glauconite pellets are dispersed in the rock. The main difference between 

microfacies M7 and microfacies M2 is that the glauconite content in M7 is 

almost equal to the quartz content in the rock (Fig. 8I). 

M8 – Very fine bioclastic packstone to grainstone. 

Very fine to fine packstone to grainstone. The rock contains skeletal 

fragments, foraminifera, and echinoderm spines. Microfacies M8 is 

moderately sorted. Minor amount of mud can be present in the matrix. 

Blocky calcite growing around the bioclasts. Porosity is primary 

(intercrystallite) and secondary (moldic). Also, open fractures are observed 

in thin sections (Fig. 9B).  

M9 – Fine to medium bioclastic packstone to grainstone. 

Very fine to medium packstone to grainstone. The rock contains skeletal 

fragments, foraminifera, red algae, and echinoderm spines. Microfacies M9 

is poorly sorted and contains coarse to very coarse bioclasts with minor 

amount of mud. Blocky calcite growing around the bioclasts. Porosity is 

primary (intercrystallite) and secondary (moldic). Also, open fractures are 

observed in thin sections (Fig. 9D).  

M10 – Muddy, laminated, bioturbated, bioclastic grainstone. 

Bioclastic, very fine, muddy grainstone. The rock contains skeletal 

fragments, foraminifera and echinoderm spines. Porosity is primary 

(intercrystallite) and secondary (moldic). This microfacies unit can be 

laminated (Fig. 9F) and bioturbated (BI:5) (Fig. 9G). 
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M11 – Very fine calcarenite 

Very fine to fine calcarenite with rare coarse skeletal fragments such as 

bivalves up to 2 cm in size and rare intraclasts. The laminated parts of the 

thin section are more compacted when compared to the non-laminated parts 

(Fig. 9J). The rock is bioturbated BI=2. Open fractures are observed in this 

unit. (Fig. 9I)

Fig. 7: Facies of the siliciclastic dominated interval (Vaals Fm.) showing bioturbated, bioclastic, glauconitic siliciclastic 

rocks. The core photos represent lithofacies. Thin sections photos represent microfacies. A) A1 (262.7-262.5 m). B) M1 

associated with lithofacies A1 TS# B236 – 262.7 m BI=3. C) A2 (258.7-258.2 m). D) M2 associated with lithofacies A2 

TS# B226 – 258.4 m BI=3. E) A3 (246.3-246.1 m) only the broken part of the core. F) M3 not associated with lithofacies 

A3, the sample is taken directly below the broken section TS# B195 – 246.4 m. 

 

A3 
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Fig. 8: Facies of the mixed siliciclastic and carbonate interval (Gulpen Fm.) showing bioturbated, bioclastic, glauconitic 

carbonate rocks (A&C). The siliciclastic dominated beds in the mixed part of the core (E&H). The core photos represent 

lithofacies. Thin sections photos represent microfacies. A) B1 (245.7-245.5 m). B) M4 associated with lithofacies B1 TS# B192 

– 245.6 m BI=1-4. C) B2 (232.7-232.5 m). D) M5 associated with lithofacies B2 TS# B160 – 232.6 m BI=2-5. E) B3 (243.9-

243.7 m) Facies B3 is above the red line. F) Zoomed out photo for microfacies M6 showing the laminated quartz layers. M6 is 

associated with lithofacies B3 TS# B187 – 243.7 m. The red box shows the location of the zoomed in photo in Fig. G. G) 

Zoomed in photo M6. H) B4 (235.2-232.3 m). I) M7 associated with lithofacies B4 TS# B166 – 234.9 m. 
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Fig. 9: Facies of the pure carbonate interval (Maastricht Fm.) showing bioturbated, bioclastic, porous carbonate 

rocks. The core photos represent lithofacies. Thin sections photos represent microfacies units. A) C1 (188.6-188.4 

m). B) M8 associated with lithofacies C1 TS# B54 – 188.5 m. C) C2 (175.4-175.1 m). D) M9 associated with 

lithofacies C2 TS# B22 – 175.3 m. E) C3 (174.2-174 m) F) Zoomed out photo of microfacies M10 showing the 

laminated muddy layer in the uppermost part of the thin section (BI=5). M10 is associated with lithofacies C3 TS# 

B19 – 174 m. The red box shows the location of the zoomed in photo in Fig. G. G) Zoomed in photo M10. The 

muddy matrix observed in thin section corresponds with the gamma ray spike in the Maastricht Formation H) C4 

(169.9-169.7 m) note the presence of drilling induced deformation during the coring job. I) Zoomed out photo of 

microfacies M11 showing the laminations that are induced by the drilling. J) Zoomed in photo of M11 associated 

with lithofacies C4 TS# B10 – 169.9 m. note that in the zoomed in photo no dissolution is observed in the 

boundary between the “laminated beds” which rules out the idea that beds were compacted and then was subjected 

to differential dissolution.  
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3.2 Description of the Eys01 borehole 

 

The core description of the Eys01 borehole from Kooij (2023) is 

summarized in this section and correlated with the deposits encountered in 

the Beek04 borehole (Fig. 10). Moreover, observations made on the cores of 

the Eys01 borehole by Kooij (2023) were used in the discussion section. 

According to Kooij, (2023) the cored interval (16-111 m) in Eys01 borehole 

recovered the Vaals Formation, Gulpen Formation and Kunrade facies (in 

this paper it will be referred to as “Kunrade Formation”) (Fig. 10). The 

Vaals Formation in Eys01 borehole is made up primarily of siliciclastic 

material and is approximately 10 meters thick. The cores did not recover the 

Vaals-Gulpen formations contact, as roughly 35 cm of material was missing 

from the cores. However, there is a sharp transition observed on the cores 

from the siliciclastic dominated deposits of the Vaals Formation to the 

calcareous deposits of the Gulpen Formation. In Eys01 borehole, the Gulpen 

Formation is mostly composed of light colored, bioturbated, bioclastic 

siltstones with a larger amount of siliciclastic material observed in the lower 

and upper parts when compared to the middle part of the formation with 

common occurrence of flint. The transition between the Gulpen and 

Kunrade formations is a gradual transition as observed from the data. The 

overlying Kunrade Formation is made up of bioturbated, silt sized, 

bioclastic limestones that show alternations of indurated and soft layers. The 

Eys01 borehole recovered the Kunrade Formation whereas the Beek04 

borehole recovered the Maastricht Formation.  

 

 

 

 

 

 

 

 

 

Table 1: Summary of the porosity and permeability measurements of Beek04 and Eys01 

boreholes. Eys01 borehole data are from Kooij (2023).  

 

 

Max. Min. Avg. Max. Min. Avg.

Vaals 5% 1% 2% 2800 0.13 176

Gulpen 19% 0% 3% 9100 0.14 194

Maastricht 40% 8% 31% 90700 1.70 18617

Vaals 19% 1% 1% 598 5.60 35

Gulpen 6% 0% 1% 623 0.29 26

Maastricht 5% 0% 2% 315 0.80 18

Porosity (%) Horizontal Permeability (mD)Formation

Beek04

Eys01
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Fig. 10: Correlation panel showing Beek04 in the west of south Limburg with Eys01 in the east. The Eys01 core 

description and related data were obtained from Kooij (2023). Note the similarities between the Vaals and Gulpen 

formations in both boreholes in terms of lithology and GR signature. The upper part of the cores shows different 

characteristics in both boreholes which is related to the recovery of different formations. In the east, Eys01 borehole 

recovered the Kunrade Formation whereas the Beek04 recovered the Maastricht Formation. Note: GR signatures can 

be used as a first pass correlation scheme in the region of South Limburg where the boundaries between the 

formations can be observed. 
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4. Discussion  
 

4.1 Stratigraphy of Beek04 borehole and South Limburg 

 

In this part of the research, the deposits of the Chalk Group in Beek04 will 

be assigned to different formations following the lithostratigraphic 

definitions of Felder (1975) and Felder & Bosch (2000). In addition, the 

deposits from the Beek04 borehole will be correlated with the deposits from 

the Eys01 borehole (Kooij, 2023) to investigate the lateral continuity of the 

Chalk Group formations in South Limburg. Lastly, observations made on 

both boreholes will be compared with observations made on the rocks of the 

Chalk Group in South Limburg from previous publications. 

4.1.1 Vaals Formation 

In Beek04 borehole, the siliciclastic dominated interval in the bottom part of 

the cores (264 - 246 m) is interpreted to be part of the Vaals Formation (Fig. 

4). The observed glauconite bearing siltstones and sandstones in Beek04 

borehole are of marine origin as they contain marine fossil fragments such 

as foraminifera and bivalves (Fig. 7). In South Limburg, the Campanian 

Vaals Formation is made up of, calcareous, fine grained marine sandstones 

and coarse siltstones with varying amount of clay and authigenic glauconite 

present in the rocks (Schmid, 1959; Felder, 1975; Jagt et al., 1987; Bless et 

al., 1987) which is similar to the deposits found in the Beek04 borehole and 

the deposits of the Eys01 borehole (Kooij, 2023). 

The sediments of the Vaals Formation are bioturbated and contain a varying 

amount of authigenic glauconite and clay (Fig. 11A&B). Based on that, 

Albers et al., (1979) suggested that the Vaals Formation was deposited 

below the fair-weather base. In addition, Zijlstra (1995) suggested that the 

Vaals Formation was deposited in a shallow marine environment in which 

glauconite precipitated and then reworked by bioturbation. 

 The CaCO3 content of the Vaals Formation in the Campine basin ranges 

from 2 to 30%, with the greatest values found in the west and northwest. 

(Felder et al., 2000). In Beek04 borehole, the CaCO3 content ranges from 

10-20% which is higher than the CaCO3 content observed by Kooij (2023) 

in the Eys01 borehole (2-10%) which can be indicative of a slight deepening 

of the depositional environment to the west of South Limburg.  

According to Felder (1975) and Zijlstra (1995), at the base of members or 

cycles in the Vaals Formation cross bedding is commonly observed. 

However, In the Beek04 borehole that wasn’t the case as no sedimentary 
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structures were observed within the Vaals Formation (Fig. 11C). A Few, thin 

less than 10 cm of laminated sands were observed in the Eys01 borehole 

(Kooij, 2023) and are the only sedimentary structure observed within the 

Vaals Formation in both boreholes. The absence of sedimentary structures in 

the Vaals Formation in the boreholes can be related to the intense 

bioturbation of the rocks during deposition. According to Zijlstra (1995), 

intense bioturbation during deposition of the rocks can destroy any 

depositional sedimentary structures. During the waning stage of storms, 

deposition rate is slower than burrowers could rework the sediments, hence 

sedimentary structures were not preserved (Zijlstra, 1995). 

The gamma ray log can be used to differentiate between the Vaals and 

Gulpen formations in South Limburg. The abrupt change from the 

siliciclastic dominated Vaals with higher gamma ray signature to a mixed 

carbonate and siliciclastic Gulpen Formation with a lower gamma ray 

signature can be clearly observed in both boreholes (Fig. 10). 

 

  

Fig. 11: A) The red arrow points to authigenic glauconite growing inside the foraminifera observed in 

microfacies M2 TS# B218 – 255.1 m. B) Microfacies M2 TS# B215 – 253.8 m showing the intense 

bioturbation of the Vaals Formation (BI:4-5). C) Lithofacies A2 258.7-258.2 m showing the absence of 

sedimentary structures in the Vaals Formation which can be related to the bioturbation and the amount of 

clay observed in the thin sections. 
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4.1.2 Gulpen Formation 

The current DINOloket DGM model assumes that the Gulpen Formation is 

entirely missing in the Beek04 borehole (Fig. 3), and the mixed siliciclastic 

and carbonate interval (246-192 m) encountered in the Beek04 borehole is 

assumed to be part of the Maastricht Formation. However, the deposits of 

that interval show better resemblance to the description of the Gulpen 

Formation in South Limburg of Felder (1975) and Felder & Bosch (2000) 

(Fig. 4). The Gulpen Formation is composed of soft limestones with chert 

nodules (Felder & Bosch, 2000; Felder, 1975). According to Felder & 

Bosch (2000), flint nodules are commonly found at the top of the formation, 

accounting for around 20% of the volume. In addition, the formation's 

bottom has a lower carbonate content (50-90%) than the top (85-90%) and 

contains more glauconite (Felder and Bosch, 2000). Therefore, the mixed 

siliciclastic and carbonate interval (246-192 m) in the Beek04 borehole is 

interpreted to be part of the Gulpen Formation not the Maastricht 

Formation. This marks the first step toward improving the 

(hydro)stratigraphic model of South Limburg.  

The glauconite bearing mixed siliciclastic and carbonate rocks were 

encountered in the Eys01 borehole and interpreted to be part of the Gulpen 

Formation as well (Kooij, 2023). Even though those deposits best resemble 

the Gulpen Formation, they do not match the descriptions of any of the 

members of the Gulpen Formation as formally defined by Felder & Bosch 

(2000) (Fig. 12). Kooij (2023), interpreted that the Eys01 borehole 

recovered the Vijlen member of the Gulpen Formation based on the 

expression of glauconite in the rocks which is similar to the description of 

Keutgen et al., (2010) for the Vijlen member of the Gulpen Formation in 

South Limburg. Even though the glauconite expression is also similar in the 

Beek04 borehole (Fig. 13), the lithology of the Vijlen member is different 

than the lithology of the deposits found in both boreholes. According to 

Albers (1979) and Felder (1997), the Vijlen member is laterally 

heterogeneous and relatively purer in terms of carbonate content in the west 

of the Campine basin (95%) when compared to the eastern part (50-80%). 

However, the recovered Gulpen Formation shows siliciclastic beds and 

laminated intervals in both boreholes. Such laminations were not mentioned 

or observed in the literature of the region of South Limburg. The Eys01 and 

Beek04 boreholes recovered two distinct siliciclastic beds in the Gulpen 

Formation: poorly sorted greensands and quartz, and glauconite-rich 

sandstones. Despite having a similar composition, these beds differ in 

texture. The literature does not distinguish between these types of 

siliciclastic beds, and the latter bed has not been described previously.  

Based on that, both Beek04 and Eys01 boreholes recovered the “pre-

Valkenburg strata” of the Gulpen Formation which best matches the 

description of the deposits encountered in the cores. According to Felder 
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(1985), the “pre-Valkenburg strata” are transitional facies found in between 

the Vaals and Maastricht formations forming the lateral equivalent to the 

Gulpen Formation in South Limburg. In addition, it was observed near areas 

that are affected by faults, which is the case in both boreholes (Fig. 1). 

According to Jagt et al., (1987), it is made up of quartz rich, glauconite 

bearing limestones and contains erosional products associated with the Roer 

Valley Graben inversion. This can explain the higher siliciclastic content 

observed in both boreholes when compared to the siliciclastic content of the 

Gulpen Formation in the region 

According to Zijlstra (1995) glauconite replaced carbonate clasts and was 

precipitated in the pore spaces, indicating that glauconite is an authigenic 

mineral. Similar to the observations made on the cores of the Beek04 

borehole, glauconite at the base of the Gulpen Formation is high in 

concentration when compared to the top. A decrease in the amount of 

glauconite as we move up the stratigraphy indicates that the glauconite was 

eroded and then redeposited (Zijlstra, 1995).  

Flint concentrations are commonly found in the Gulpen and Maastricht 

formations. According to Bischoff and Sayles (1972) and Zijlstra (1995), 

precipitation zones can be found near burrows and their orientation is 

parallel to the seabed. The growth of flint nodules is inversely proportional 

to the sedimentation rate. In order to form nodular flint layers, 

sedimentation rate needs to be low and almost zero (Zijlstra, 1995).  

Flint concretions observed in the lower part of the Gulpen Formation in 

Beek04 and Eys01 (Kooij, 2023) boreholes start as black, tabular and 

extensive layers with burrows (Fig. 14A). As we move up the stratigraphy, 

two modes of flint occurrence were observed. The first one is light grey and 

weakly developed flint nodules, which is the most common occurrence (Fig. 

14C). The second one is dark grey, weakly developed concretions, slightly 

extensive and patchy (Fig. 14B). Flint formation in the Beek04 and Eys01 

borehole can be indicative of sedimentation rate. The most well-developed 

flint concretions are located at the bottom of the Gulpen Formation which 

indicates lower sedimentation rates at the start of the Gulpen deposition 

when compared to the middle part which contains the weakest developed 

concretions which are indicative of a higher sedimentation rate. Towards the 

top of the Gulpen formation, flint nodules increase in size and 

concentration. Thus, an alternation between higher and lower energy 

conditions as well as sedimentation rates can be inferred from the flint 

mode. 
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Fig. 12: Subdivision of the Gulpen Formation after Felder & Bosch (2000). Note that the horizons occur 

at the base of the corresponding member.  

Fig. 13: In the Beek04 borehole, glauconite is present in the Gulpen Formation in three different modes. 

The first mode is within the rock fabric, the second mode is associated with bioturbation as a burrow infill 

and the third mode can be associated with quartz grains and deposited in different layers  

Fig. 14: Flint nodules observed in the Gulpen Formation in Beek04 borehole. A) 

Black, tabular and extensive layers 245.5 m. B) Grey, irregular, slightly 

extensive and weakly developed concretions 203.2 m. C) light grey, weakly 

developed flint nodules 245.6 m. 
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4.1.3 Maastricht Formation 

In the Beek04 borehole, the interval between (192-167 m) (Fig. 4) is 

interpreted to be part of the Maastricht Formation. In South Limburg, the 

Maastricht Formation is generally composed of soft, fine to coarse–grained 

limestones (Felder & Bosch, 2000). According to Felder & Bosch (2000) 

and Felder (1975) the formation can be subdivided into lower and upper 

parts. The lower part is made up of fine-grained limestones with 5-12% flint 

content, while the upper part is fine to very coarse-grained limestones with 

almost no flint content <1% and contains very coarse grained 20-50 cm 

thick fossil layers every 1-5 m interval.  

Four coarser fossil layers were observed in the cores of the Beek04 borehole 

(Fig. 4) but not in Eys01 borehole (Kooij, 2023). The thickness of the fossil 

layers is 1-20 cm (Fig. 15B). Two of which were serpulid layers (Fig. 15C). 

Serpulids indicate a shallow and warm environment with a solid substrate 

(Felder, 2001). In addition, an increase in the grain size from very fine to 

fine was observed at approximately 190 m represented by lithofacies unit 

C2. The presence of coarse fossil layers accompanied by an increase in 

grain size can be indicative of an increase in hydrodynamic conditions. 

According to Zijlstra (1995), fossil clasts with larger grain sizes imply 

higher energy conditions, which can be related to shallower depositional 

environments or increased storm intensity (Zijlstra, 1995).  

In Beek04 borehole, I observed the presence of cross bedding within the 

Maastricht Formation (Fig. 15A). However, that was not the case in Eys01 

borehole as no cross bedding was observed in the Kunrade Formation 

(Kooij, 2023). According to descriptions from Zijlstra (1995), cross bedding 

was observed in the Maastricht Formation as well.  

In addition to the differences mentioned above between the Maastricht 

Formation in the Beek04 borehole and the Kunrade Formation in the Eys01 

borehole (Fig. 16 A&B). In the Beek04 borehole, I observed very fine-

grained limestones with low chert content at the bottom of the Formation 

and medium to coarse grained limestone with no chert content and coarse 

fossil layers in the upper part. In contrast, the Kunrade Formation in the 

Eys01 borehole is made up of highly bioturbated, yellowish bioclastic silt 

sized carbonate rocks with alternation of cemented and non-cemented layers 

mixed with siliciclastic material (Kooij, 2023). Also, enriched glauconite 

pellet layers of approximately 1 m thickness are observed at the base of the 

Kunrade Formation in the Eys01 (Kooij, 2023) but not in the Beek04.  

The differences discussed above in the recovered Maastricht and Kunrade 

formations when comparing both boreholes can testify to the heterogeneity 

of the Chalk Group formations in South Limburg. In addition, it supports 

the findings of Kroth et al., (2024) which suggests that the Kunrade facies 

should be given the status of formation as it is mappable in the eastern part 
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of South Limburg, and it show significant differences than the Maastricht 

facies. Thus, Felder & Bosch (2000) subdivision of the Maastricht 

Formation into two informal units, Maastricht facies in the west and 

Kunrade facies in the east of South Limburg is less feasible. Moreover, the 

differences observed are also related to aquifer properties which are 

important to the region of South Limburg. The Maastricht Formation 

encountered in the Beek04 borehole shows extremely high porosity and 

permeability values when compared to the Kunrade Formation encountered 

in the Eys01 borehole which is related to cementation (Fig.16 A&B) (Table 

1). This is important when investigating the lateral continuity of the Chalk 

Group formations in South Limburg and can be used as an input to improve 

the current (hydro)stratigraphic model of South Limburg.  

 
Fig. 15: A) Cross bedding observed in the Maastricht Formation lithofacies C2 176.8 -

176.5 m. B) Fossil layer encountered in the Maastricht Formation lithofacies C2 (180.5-

180.3 m). C) Serpulide layer in the Maastricht Formation lithofacies C2 at 176.3 m. 
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Fig. 16: Comparing thin sections from Beek04 and Eys01 boreholes taken from Vaals, Gulpen, Maastricht 

and Kunrade formations. A&B) The Maastricht and Kunrade formations show different characteristics in 

both boreholes. The main difference between the two is in the Beek04 we notice the syntaxial calcite cement 

growing around the bioclasts while in the Eys01 we notice blocky calcite cementation replacing the matrix, 

bioclasts and plugging both porosity and permeability. C&D) Shows the similarities between the Gulpen 

Formation in both boreholes represented by mixed carbonate and siliciclastic deposits that are calcite 

cemented with rare quartz and glauconite content. E&F) highlighting the similarities in Vaals Formation. In 

both boreholes the Vaals Formation is composed of bioturbated, bioclastic, glauconitic sandstones.  

Kunrade 
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4.2 Roer Valley Graben Inversion Influence on South Limburg 

 

The data from Beek04 borehole can be used to shed light on the influence of 

the Roer Valley Graben inversion to the region of South Limburg in order to 

understand the heterogeneities of the formations of the Chalk Group. In the 

literature, scientists argue that the inversion began during Campanian 

asoociated with the Vaals Formation deposition (Kuyl, 1983; Bless et al., 

1987), while others suggest that it began earlier in the Cenomanian (Gras, 

1995). The Beek04 borehole did not recover the Cenomanian succession 

but, it recovered the upper part of the Vaals Formation which is of 

Campanian to Late Campanian age. Therefore, the Beek04 borehole data is 

limited to study the inversion’s influence on the geology of the region. 

According to Gras & Geluk, (1999), the inversion led to the deposition of 

the Vaals Formation in South Limburg. The deposition of the Vaals 

Formation is considered homogenous and is characterized by glauconite 

bearing sandstones and siltstones (Felder, 1985).  

The upper part of the Vaals Formation and the contact with the overlying 

Gulpen Formation in the Beek04 borehole are shown in (Fig. 5). The 

difference in size and roundness of the quartz grains of microfacies M3 

(Fig. 5B) can be indicative of mixed sediment sourcing, or the coarser 

grains can be related to the inversion, uplifting and redepositing older 

deposits with Upper Cretaceous rocks. In addition, microfacies M3 is 

overlain by lithofacies A3 (Fig. 5A) that is characterized as a breccia, where 

laminated fragments of the same rock were eroded and redeposited in 

different orientations (Fig. 7E). Both facies can be related to inversion 

tectonics that affected the region in the Late Campanian.  

The contact between the Vaals Formation and the overlying Gulpen 

Formation is interpreted to be an unconformity surface where parts of the 

Gulpen Formation are missing, and the Vaals Formation is overlain by the 

“pre-Valkenburg strata” of the Gulpen Formation. According to Felder 

(1985), the presence of sedimentary gaps between the Vaals and the Gulpen 

formations must be accepted in the region of South Limburg. In addition, in 

Northwest Europe, Huigen (2014), Saes (2013), and Anderskouv and Surlyk 

(2011) identified a widespread erosional unconformity of Late Campanian 

age in the Netherlands, Germany, the United Kingdom, Norway and 

Denmark that is related to the sub-hercynian inversion phase. 

The Gulpen Formation in the Beek04 and Eys01 boreholes is characterized 

by a higher siliciclastic content with siliciclastic dominated facies when 

compared to the formal definition of the Formation by Felder & Bosch 

(2000). Most of the studies on the Gulpen Formation were done in the 

southern part of South Limburg where the formation is exposed (e.g., the 

ENCI and Hallembaye quarries). The Gulpen Formation in the Southern 

part is mainly composed of finer grained chalk deposits with minor 
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siliciclastic material (Vellekoop et al., 2022). The higher siliciclastic content 

of the Gulpen Formation in the north part of South Limburg can be 

interpreted as an effect of the Roer Valley Graben inversion, where areas 

proximal to the inverted graben received more erosional products. 

According to Bless (1988), the Roer Valley Graben may have been an 

island or shoal when siliciclastic debris was transported into deeper settings 

during high energy spring tides and storms. 

The general decrease in the siliciclastic content of the Gulpen Formation as 

we move up the stratigraphy in the Beek04 borehole is consistent with the 

findings of Bless at al., (1987) where they suggest that the Roer Valley 

Graben was flooded due to continuous sea level rise. Thus, less siliciclastic 

material was transported into the basin. In addition, the Maastricht 

Formation in the Beek04 borehole is composed of pure carbonates and the 

contact between the two formations is gradual. This is consistent with the 

interpretations of Gras and Geluk (1999), which suggest that the Roer 

Valley Graben was flooded completely during the Late Maastrichtian due to 

subsidence. Thus, almost no siliciclastic material was observed in the 

Maastricht Formation in the Beek04 borehole. In contrast, the Kunrade 

Formation in the Eys01 borehole contains siliciclastic material. However, 

the presence of siliciclastic material in the Kunrade Formation can be 

explained by the findings of Kroth et al., (2024), suggesting that the eastern 

part of South Limburg is more proximal in terms of depositional setting 

when compared to the western part.  

Finally, the inversion effects were observed at the contact between the Vaals 

and Gulpen formations in the Beek04 borehole. After that, the influence of 

the inversion is decreasing over time as less siliciclastic material was 

supplied to the basin from the inverted Roer Valley Graben. Therefore, 

based on the data from the Beek04 borehole, the inversion influence was 

highest at the contact between the Vaals and Gulpen formations. Similar to 

interpretations made by Gras (1995) and Gras & Geluk (1999) proposing 

that the Gulpen and Maastricht formations were deposited after the 

inversion. However, some writers suggested that the inversion of the Roer 

Valley Graben ended at the boundary between the Gulpen and Maastricht 

formations (Kuyl, 1983; Bless, 1988, 1989). This is unlikely as the contact 

between the two formations is gradual in both the Beek04 and Eys01 

boreholes.   
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5. Conclusions  
• The deposition of the Chalk Group in South Limburg can be 

subdivided into three stages, siliciclastic dominated deposits, 

followed by mixed siliciclastic and carbonate deposits, and finally, 

pure carbonate deposits. 

• The findings of this study suggest that the cored interval in Beek04 

borehole (246-191.5 m) is part of the Gulpen Formation not the 

Maastricht Formation as currently stated in the DGM model of 

DINOloket. 

• The contact between the Vaals and the Gulpen formations in Beek04 

and Eys01 boreholes is unconformable where the Vaals Formation is 

overlain by the pre Valkenburg strata of the Gulpen Formation.  

• Beek04 borehole recovered the pre Valkenburg strata of the Gulpen 

Formation that is characterized by a high siliciclastic content.  

• The siliciclastic material in the Gulpen Formation were most likely 

sourced from the erosional products of the inverted Roer Valley 

Graben and transported during high energy events. 

• The contact between the Gulpen and Maastricht formations in 

Beek04 borehole is characterized by a general decrease in the 

siliciclastic and glauconite content of the carbonate rocks gradually 

over approximately 14 m (206-192).  

• The findings from this study support the subdivision of the 

Maastricht Formation in South Limburg into two formations. 

Kunrade Formation located in the eastern part (Eys01) and 

Maastricht Formation located in the western part (Beek04) of South 

Limburg. 

• The Maastricht Formation in the Beek04 borehole is characterized 

by extremely high porosity and permeability and corresponds to the 

best aquifer of the Chalk Group in South Limburg.  

• Gamma ray log can be used to aid in the correlation of the Chalk 

Group in South Limburg. The Vaals Formation can be distinguished 

from both Gulpen and Maastricht formations due to its higher 

gamma ray signature. Gulpen Formation displays a more spikey and 

slightly higher gamma ray signature due to the higher siliciclastic 

content of the rocks when compared to the Maastricht Formation. 
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