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/ƻƴŜ tŜƴŜǘǊŀǝƻƴ ¢Ŝǎǘ ŎƘŀǊŀŎǘŜǊƛȊŀǝƻƴ ƻŦ ƳƛŘŘƭŜ ŀƴŘ ǳǇǇŜǊ aƛƻŎŜƴŜ 
ƭƛǘƘƻǎǘǊŀǝƎǊŀǇƘƛŎ ǳƴƛǘǎ ƴŜŀǊ !ƴǘǿŜǊǇ LƴǘŜǊƴŀǝƻƴŀƭ !ƛǊǇƻǊǘ  

мΦ LƴǘǊƻŘǳŎǝƻƴ  

Recently published multidisciplinary studies on the Neogene 

deposits exposed at large temporary outcrops just south of 

Antwerp International Airport (AIA) in the municipalities of 

Borsbeek and Mortsel (northern Belgium, just southeast of the 

City of Antwerp; for location see Figs 1, 2) enabled furthering 

the understanding of the Neogene history of northern Belgium 

(Hoedemakers & Dufraing, 2015; De Nil et al., 2020; Goolaerts 

et al., 2020; Houthuys et al., 2020; Vandenberghe & Louwye, 

2020; Wesselingh et al., 2020; Alfsen et al., 2021, Lambert & 

Goolaerts, 2022; Van Boeckel & Everaert, 2022). While 

previously upper Miocene Diest Formation deposits of the 

Antwerp area were generally attributed to the Deurne Member 

by De Meuter & Laga (1976), Goolaerts et al. (2020) revealed 

that the Diest Formation in this area is twofold, with the newly 

proposed Borsbeek Member at the base and the redefined 

Deurne Member at the top. Next to AIA, Goolaerts et al. (2020) 
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wŜŎŜƴǘƭȅ ǇǳōƭƛǎƘŜŘ ƳǳƭǝŘƛǎŎƛǇƭƛƴŀǊȅ ǎǘǳŘƛŜǎ ŘƛǎŎǳǎǎŜŘ ǘƘŜ ƎƭŀǳŎƻƴƛŦŜǊƻǳǎ ǎŀƴŘ ǳƴƛǘǎ ƻŦ ǘƘŜ 
.ŜǊŎƘŜƳ ŀƴŘ 5ƛŜǎǘ ŦƻǊƳŀǝƻƴǎ ƛƴ ƭŀǊƎŜ ǘŜƳǇƻǊŀǊȅ ƻǳǘŎǊƻǇǎ ƴŜŀǊ ǘƘŜ !ƴǘǿŜǊǇ LƴǘŜǊƴŀǝƻƴŀƭ 
!ƛǊǇƻǊǘΣ Ŝŀǎǘ ƻŦ ǘƘŜ /ƛǘȅ ƻŦ !ƴǘǿŜǊǇΣ ƴƻǊǘƘŜǊƴ .ŜƭƎƛǳƳΦ !ǘ ǘƘƛǎ ƭƻŎŀǝƻƴΣ ǘƘŜ ǳǇǇŜǊ aƛƻŎŜƴŜ 
5ƛŜǎǘ CƻǊƳŀǝƻƴ ǿŀǎ ǎǳōŘƛǾƛŘŜŘ ƛƴǘƻ ŀƴ ǳǇǇŜǊ 5ŜǳǊƴŜ aŜƳōŜǊ ŀƴŘ ŀ ƭƻǿŜǊΣ ǊŜŎŜƴǘƭȅ 
ƛƴǘǊƻŘǳŎŜŘΣ .ƻǊǎōŜŜƪ aŜƳōŜǊΦ Lƴ ǘƘŜ ŎǳǊǊŜƴǘ ǎǘǳŘȅΣ /ƻƴŜ tŜƴŜǘǊŀǝƻƴ ¢Ŝǎǘǎ ǇŜǊŦƻǊƳŜŘ ƴŜŀǊ 
ǘƘŜ ƻǳǘŎǊƻǇǎ ǿŜǊŜ ǳǎŜŘ ǘƻ ƎŜƻǘŜŎƘƴƛŎŀƭƭȅ ŎƘŀǊŀŎǘŜǊƛȊŜ ǘƘŜ ŜȄǇƻǎŜŘ ǳƴƛǘǎ ŦƻǊ ǊŜƎƛƻƴŀƭ 
ŎƻǊǊŜƭŀǝƻƴǎΦ CƻǊ ǘƘŜ YƛŜƭ ŀƴŘ !ƴǘǿŜǊǇŜƴ ƳŜƳōŜǊǎ ƻŦ ǘƘŜ ƳƛŘŘƭŜ aƛƻŎŜƴŜ .ŜǊŎƘŜƳ 
CƻǊƳŀǝƻƴΣ ǘƘŜ ƎŜƻǘŜŎƘƴƛŎŀƭ ŜȄǇǊŜǎǎƛƻƴǎ ŀǊŜ ƴŜŀǊƭȅ ƛŘŜƴǝŎŀƭ ǘƻ ǘƘƻǎŜ ǊŜŎŜƴǘƭȅ ŘŜǎŎǊƛōŜŘ 
ŦǳǊǘƘŜǊ ǿŜǎǘ ƛƴ ǘƘŜ /ƛǘȅ ƻŦ !ƴǘǿŜǊǇ ŀǊŜŀΦ /ƻƴǘǊŀǊȅ ǘƻ ǘƘŜ ƭŀǧŜǊ ŀǊŜŀΣ ƘƻǿŜǾŜǊΣ ǘƘŜ ǳǇǇŜǊ ǇŀǊǘ 
ƻŦ ǘƘŜ !ƴǘǿŜǊǇŜƴ aŜƳōŜǊ ƛǎ ƳƛǎǎƛƴƎΣ ŘǳŜ ǘƻ ŜǊƻǎƛƻƴ ōŜƭƻǿ ǘƘŜ .ƻǊǎōŜŜƪ aŜƳōŜǊΦ ¢Ƙƛǎ 
ŜǊƻǎƛƻƴ ǊŜŀŎƘŜŘ ǳǇ ǘƻ ǘƘŜ ƭŜǾŜƭ ƻŦ ŀ ǊŜƎƛƻƴŀƭƭȅ ƻŎŎǳǊǊƛƴƎΣ ŎƻƳǇŀŎǘ ǎƘŜƭƭ ōŜŘ ƛƴ ǘƘŜ ƳƛŘŘƭŜ ƻŦ 
ǘƘŜ !ƴǘǿŜǊǇŜƴ aŜƳōŜǊΣ ǿƘƛŎƘ Ƴŀȅ ƘŀǾŜ ǇǊƻǘŜŎǘŜŘ ǘƘŜ ǳƴŘŜǊƭȅƛƴƎ ǎŀƴŘ ŦǊƻƳ ŦǳǊǘƘŜǊ 
ŜǊƻǎƛƻƴΦ ¢ƘǊƻǳƎƘƻǳǘ ǘƘŜ ǎǘǳŘȅ ŀǊŜŀΣ ǘƘŜ .ƻǊǎōŜŜƪ ŀƴŘ 5ŜǳǊƴŜ ƳŜƳōŜǊǎ ŜŀŎƘ ǎƘƻǿ ŀ 
ŎƻƴǎƛǎǘŜƴǘ ƎŜƻǘŜŎƘƴƛŎŀƭ ŦŀŎƛŜǎΣ ŀƭƭƻǿƛƴƎ ŦƻǊ ǘƘŜƳ ǘƻ ōŜ ŘƛǎǝƴƎǳƛǎƘŜŘ ƻƴ ŜƭŜŎǘǊƛŎ /t¢ǎ ŀƴŘ ǘƘǳǎ 
ŦƻǊ ƳƻǊŜ ǊŜƭƛŀōƭŜ ǇǊŜŘƛŎǝƻƴǎ ƻŦ ǘƘŜƛǊ ŀǊŜŀǎ ƻŦ ƻŎŎǳǊǊŜƴŎŜΦ 
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also recognized the new Borsbeek Member at the 

MIDDELARES section of Bosselaers et al. (2004; Fig. 1) and 

discussed the possibility of its occurrence at several temporary 

outcrops described in the 19th and 20th centuries. Two 

additional temporary outcrops, named MONICA (August 2020; 

located just next to MIDDELARES; Lambert & Goolaerts, 2022 

& S.G. pers. obs.; Fig. 1) and AQUABOE (April 2021; located 

at the Aquafin water treatment station of Boechout, nearly 1 km 

SE of AIA; S.G. pers. obs.; Fig. 1) enabled to test the validity of 

the proposed twofold division and allowed for additional 

observations on the lithology, sedimentology, and paleontology 

of both the Borsbeek and Deurne members. Regardless, the 

understanding of the regional distribution of both members in 

the Antwerp area remains limited, as well as their possible 

continuation and correlation with the Diest Formation 

elsewhere.  

The following sources of data may lead to a further 

understanding of the geographic extent of both members of the 

https://doi.org/10.20341/gb.2022.002
mailto:jef.deckers@vito.be
mailto:stijn.goolaerts@naturalsciences.be
https://orcid.org/0000-0002-5373-8733
https://orcid.org/0000-0002-7082-9012
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Diest Formation and their relationship with underlying 

sediments, being 1) new temporary outcrops, 2) boreholes and 

3) Cone Penetration Tests (CPTs). While obviously the first 

category holds the highest potential for qualitative data, these 

also have the lowest probability to occur in the immediate 

future, especially in an already densely constructed area. Within 

the second category, for the Antwerp area, due to the many 

lithological similarities of the glauconite-bearing stratigraphic 

units on top of the clays of the Oligocene Boom Formation, 

destructive boreholes provide often too limited detail for their 

distinctions and qualitative data may only come from the (re)

study of well-preserved non-distorted cores. Unfortunately, the 

latter are absent in the area of interest. The third category holds 

the most potential as a dense network of CPTs exists, and their 

data can be easily harvested from the public DOV-database 

(óDatabank Ondergrond Vlaanderenô; https://

www.dov.vlaanderen.be). In addition, the implementation of 

CPT data in scientific research on the Belgian Neogene reveals 

promising results (Deckers & Louwye, 2020; Deckers et al., 

2020; Schiltz, 2020; Verhaegen et al., 2020; Deckers et al., 

2021; Deckers & Everaert, 2022).  

However, to be able to harvest lithostratigraphic data from 

CPTs, a translation key is to be found. In this study, the detailed 

descriptionsðalso including laboratory analyses on grain size 

and glauconite content of the AIA outcrops (Fig. 3) by 

Goolaerts et al. (2020)ðare integrated with CPT data. This 

allows for a detailed CPT characterization of the middle and 

upper Miocene sediments near AIA. This is then also compared 

and correlated with the results of a recently published CPT 

characterization of the Kiel and Antwerpen members of the 

lower to middle Miocene Berchem Formation in the City of 

Antwerp area by Deckers & Everaert (2022), further aiding to 

improve our understanding of all these deposits.  

 

 

 

Figure 1. Geography of the study area (map from www.geopunt.be) with the indication of the temporary outcrops and correlation panels discussed in 

the text. Correlation panel 1 (Fig. 4) integrates data from CPTs with data from temporary outcrops and one borehole near Antwerp International 

Airport (AIA; see Fig. 2 for detailed map). Correlation panel 2 (Fig. 5) does the same along a trajectory following the E313 Highway and outcrops 

described by De Meuter et al. (1976). The trace of the correlation panel of Deckers & Everaert (2022) in the east of the City of Antwerp area is also 

added, next to the location of the MIDDELARES, MONICA and AQUABOE temporary outcrops at which the presence of the twofold division of the 

Diest Formation into Borsbeek and Deurne members was identified.  

https://www.dov.vlaanderen.be
https://www.dov.vlaanderen.be
http://www.geopunt.be
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Figure 2. Detailed map (from 

www.geopunt.be) revealing the 

location of the six CPTs, the 

GEO-03/145-B17 borehole and 

the five outcrop sections that are 

used to construct correlation 

panel 1 (Fig. 4A-B).  

нΦ 5ŀǘŀǎŜǘ ŀƴŘ ƳŜǘƘƻŘƻƭƻƎȅ 

All data points (outcrops, boreholes, and CPTs) used by this 

study, with their codes in the DOV database and GSB 

(Geological Survey of Belgium) archive, are gathered in Table 1. 

нΦмΦ /ƻǊǊŜƭŀǝƻƴ ǇŀƴŜƭ мΥ !L! όCƛƎΦ пύ 

The AIA temporary outcrops were dug in 2014 for the 

construction of a tunnel on the R11 road between Mortsel and 

Borsbeek just south of Antwerp International Airport (Figs 1, 

2). They consisted out of two large pits named AIA LP1 

(southern pit) and AIA LP2 (northern pit). Both pits were 

separated by a middle part that was inaccessible for 

observations and sampling (due to safety reasons) and that 

constituted the middle transect of the tunnel. Five 

lithostratigraphically interpreted outcrop descriptions of 

Goolaerts et al. (2020) identifying the exposed middle to upper 

Miocene deposits were selected for this study, namely LP1-A, 

LP1-B, LP1-D, LP2-A and LP2-B (DOV TO-20140101C; TO-

20140101D; TO-20140101F; TO-20140101G; TO-

20140101H). The outcrop locations and interpretations were 

inventoried by De Nil et al. (2020) and added to the DOV-

database, from which these data were extracted.  

These five sections were then supplemented with borehole 

GEO-03/145-B17 (Fig. 2), located at the northern edge of AIA 

LP1. The lithostratigraphy of this borehole is reinterpreted as 

follows:  

¶ 0ï2 m: Quaternary 

¶ 2ï7 m: Diest Formation (no differentiation into members 

possible) 

¶ 7ï10 m: Berchem Formation: Antwerpen Member  

¶ 10ï20 m: Berchem Formation: Kiel Member and possibly 

top of the Edegem Member. 

Next, from the DOV-database, a total of six CPTs were 

selected that are located near the five selected outcrop 

descriptions (<40 m distance) and the selected borehole (3.5 m 

distance; Fig. 2) for which the data on the qc (cone resistance), 

http://www.geopunt.be
https://www.dov.vlaanderen.be/data/boring/2003-011236
https://www.dov.vlaanderen.be/data/boring/2014-176166
https://www.dov.vlaanderen.be/data/boring/2014-176167
https://www.dov.vlaanderen.be/data/boring/2014-176167
https://www.dov.vlaanderen.be/data/boring/2014-176169
https://www.dov.vlaanderen.be/data/boring/2014-176170
https://www.dov.vlaanderen.be/data/boring/2014-176171
https://www.dov.vlaanderen.be/data/boring/2014-176171
https://www.dov.vlaanderen.be/data/boring/2003-011236
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fs (sleeve friction) and Rf (friction ratio) were plotted onto 

vertical logs.  

In a further step, the five outcrops, the borehole, and the qc, 

fs and Rf values of the CPTs were compiled onto a more-or-less 

N-S oriented correlation panel 1, allowing to correlate the 

lithological observations and lithostratigraphic interpretations 

from outcrops and the borehole with the CPT expressions 

(Fig. 4). 

All data plotted onto this correlation panel 1 were 

repositioned in reference to the 0 m TAW level (TAW: Belgian 

Ordnance Datum). This allowed for the comparison of depths in 

the outcrops and on the CPTs and borehole. It also showed a 

possible error towards TAW level translated data of the outcrop 

sections of Goolaerts et al. (2020) of the northern pit in the 

DOV-database. Due to outcrop conditions, lateral changes, and 

the erosive nature of several of the contacts between the units 

and layers, it was not possible to reference to TAW level the 

boundaries of all the lithostratigraphic units exactly at their 

point of observation. Even more, the single TAW referenced 

level of all outcrop descriptions supplied by Goolaerts et al. 

(2020), the boundary between the Berchem and Diest 

formations, was measured close to section LP1-A, at +4.9 m 

TAW. While the latter corroborates well with the CPT data for 

the southern pit (LP1), it does not for the northern pit. For the 

latter, due to Neogene strata dipping in the northern direction in 

the region, the same boundary must locate at greater depth. 

Based on correlations with the CPTs, this boundary must situate 

at about +2.5 m TAW, meaning a downwards shift by 2.4 m. 

Thus, on correlation panel 1, sections LP2-A and LP2-B (9 and 

11 on Fig. 4B) are positioned based on these new insights.  

 

 

Figure 3. Composite litholog section with summary of the laboratory analyses on glauconite content and grain size and formal lithostratigraphic 

interpretation of the AIA temporary outcrops (modified from fig. 15 of Goolaerts et al., 2020) plotted next to a CPT. The integration reveals that 

several successive intervals characterized by differing values and trends in qc, fs and Rf can be recognized, and that these intervals correspond closely 

to the lithostratigraphic interpretation of the succession by Goolaerts et al. (2020), providing evidence that CPTs can be used to predict the presence of 

these lithostratigraphic units, in particular of the Borsbeek and Deurne members of the Diest Formation. The integration also reveals a close 

correlation between the CPT expression and the lithology of the deposits and the trends therein.  
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