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ZUSAMMENFASSUNG 

Diese Studie untersucht systematisch die geothermischen Reservoireigenschaften der 

etwa 500-600 m mächtigen Karbonate des Oberjura im Untergrund des Molassebeckens, 

wo nur bestimmte Intervalle zum geothermischen Aquifer beitragen. Daher integriert diese 

Studie alle relevanten Aspekte der geothermischen Reservoircharakterisierung nach 

einem 1-D (Bohrkern und Well-Logs), 2-D (Korrelationen), 3-D Ansatz (seismische 

Interpretation und Integration). Dieser hierarchische Workflow, der auf Erfahrungen der 

Kohlenwasserstoffindustrie im Bereich der Reservoircharakterisierung aufbaut, wurde an 

die Bedürfnisse der Geothermie angepasst, um die Eigenschaften und die Verteilung der 

Reservoirtypen zu verstehen. Der Workflow besteht aus folgenden Schritten: (1) 

Faziesanalyse an Bohrkernen, (2) Borehole Image- und Well-Log Interpretation, (3) 

Sequenz-stratigraphisches Rahmenwerk, (4) Interpretation des Ablagerungsmillieus, (5) 

Identifizierung potentieller Reservoirtypen und (6) Integration dynamischer Daten.  

Zweiundzwanzig Lithofaziestypen wurden bei der Faziesanalyse dokumentiert, sowie drei 

Ablagerungssequenzen für den Oberjura und eine für die Purbeck Formation. Große Teile 

der Kernstecke wurdem einem tiefen Ablagerungsmilieu (unterhalb der Sturmwellenbasis) 

zugeordnet. In obersten Teil der Abfolge ist jedoch ein Wechsel zu einem flacheren, 

höher-energetischen Ablagerungsmilieu zu beobachten, unter anderem mit deutlichen 

Auftauchanzeiger.  

Ein innovativer Multi-Proxy-Workflow für die Interpretation von Borehole Image Logs in 

Karbonaten bietet neue Möglichkeiten, die Beobachtungen der Bohrkernbeschreibung mit 

den Image Logs zu integrieren. Die vertikale Abfolge von neun verschiedenen Borehole 

Image Faziestypen sowie ein semi-quantitatives Charting der stratalen Oberflächen 

lieferten wichtige Einblicke in die sequenz-stratigraphische Entwicklung und die 

Charakterisierung von geothermischen Reservoirtypen. 

Das Resultat der 3D-Seismik Analyse ist ein ĂBest-Practiceñ Workflow zur Unterscheidung 

der drei dominierenden seismischen Faziestypen, basierend auf ihrer 

Reflektionsintensität. Dadurch kann zwischen potentieller Reservoirfazies und Nicht-

Reservoirfazies unterschieden werden. Die Ergebnisse der 1-D- und 2-D-Analyse wurden 
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schrittweise integriert, um die Interpretation auf verschiedenen Skalen zu validieren. Die 

dadurch gewonnenen Erkentnisse können bei der Exploration von neuen geothermischen 

Projekten im Molassebecken angewendet werden und liefern wichtige Erkentnisse um 

das Fündigkeitsrisiko einschätzen zu können. 

Die lokale, regionale und beckenweite sequenz-stratigraphische Korrelation zeigt unter 

anderem deutliche Mächtigkeitsvariationen der oberjurassischen Karbonate. Die 

Integration paläotektonischer Aspekte in die sequenz-stratigraphische Interpretation trägt 

zum Verständnis dieser Mächtigkeitsvariationen bei. Zusammen mit den 

Mächtigkeitsvariationen wurde auch eine Veränderung der Ablagerungsräume und der 

Faziestypen dokumentiert. All diese Faktoren beeinflussen die Entstehung, Eigenschaften 

und Verteilung potentieller geothermischer Reservoirtypen. 

Letztlich ermöglicht die Integration dynamischer Daten ein Ranking der geothermischen 

Reservoirtypen basierend auf dem dominierenden Permeabilitätstyp : (1) "High-K" und (2) 

"Matrix-dominated". Diese Studie zeigt, dass das untersuchte oberjurassische 

geothermische Feld eine Kombination aus strukturellen und stratigraphischen Fallen ist. 

Deshalb ist das sequenz-stratigraphische Rahmenwerk, welches die Entstehung und 

Verteilung der Reservoirtypen und Zuflüsse im genetischen Kontext betrachtet, ein 

entscheidendes Element für eine erfolgreiche und nachhaltige geothermische 

Entwicklungsstrategie in Karbonaten des Süddeutschen Oberjura. 
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ABSTRACT 

This study systematically investigates the geothermal reservoir properties of the 

approximately 500-600 m thick Upper Jurassic carbonates in the subsurface of the 

Molasse basin, where only specific intervals contribute to the geothermal aquifer. 

Therefore, this study integrates all relevant aspects of geothermal reservoir 

characterization in carbonates following an 1-D (core and well data) to 2-D (correlations) 

to 3-D (seismic interpretation and integration) approach. This hierarchical workflow, which 

is based on  reservoir characterization workflows established by the hydrocarbon industry 

is then modified  to understand the characteristics and distribution of geothermal reservoir 

types involving the following steps: (1) core-based facies analysis, (2) borehole image and 

well log analysis, (3) sequence-stratigraphic framework, (4) interpretation of depositional 

environments, (5) identification of potential reservoir types and (6) integration of dynamic 

data.  

The core-based facies analysis reveals twentytwo lithofacies types, three depositional 

sequences for the Upper Jurassic and one for the Upper Jurassic/Lower Cretaceous 

Purbeck Formation. Large parts of the interpreted depositional environment correspond 

to a relatively deep (below storm-wave base) deposetting. Towards the top of the 

succession, a change to a shallower, higher water energy environment is observed, with 

clear indications of exposure.  

A newly established multi-proxy workflow for borehole image interpretation in carbonates 

reveals novel opportunities to link the core-based observations with the borehole images 

and shows how to maximize the value of information of such logs. The vertical stacking of 

nine distinct borehole image facies types, as well as a semi-quantitative charting of stratal 

surfaces, provided new  insights into the sequence-stratigraphic development and the 

characterization of geothermal reservoir types. 

The evaluation of the 3D seismic survey yielded a best practice approach to differentiate 

three dominating seismic facies types based on their reflectivity and to differentiate 

between potential reservoir facies and non-reservoir facies. The results of the 1-D and 2-

D analysis were used to validate the interpretation on various scales and draw 
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conclusions, that can be applied directly to the early exploration stage of emerging 

geothermal projects in the Molasse basin. 

The local, regional and basin-wide sequence-stratigraphic correlation show thickness 

variations of the Upper Jurassic carbonates. The integration of paleotectonic aspects into 

the sequence-stratigraphic interpretation adds to the understanding of these thickness 

variations. Along with the thickness variations, a change of depositional environment and 

facies types were documented. All these factors affect the characteristics and the 

distribution of potential geothermal reservoir types. 

Ultimately, the integration of dynamic data allows a ranking of the geothermal reservoir 

types and a subdivision into ñhigh-k dominatedò and ñmatrix-dominatedò geothermal 

reservoir types. It shows that the investigated Upper Jurassic geothermal field of the study 

area is a combination of structural and stratigraphic traps. The sequence stratigraphic 

context explains the distribution of the preferential fluid pathways and is a crucial element 

for a successful and sustainable geothermal development strategy in Upper Jurassic 

carbonates.
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1. INTRODUCTION 

Carbonates of the Upper Jurassic are the most important target for deep geothermal 

exploration in the Molasse Basin/Germany (Böhm et al., 2010; Böhm et al., 2011; 

Böhm, 2012a; Homuth et al., 2015; Wolfgramm et al., 2011). They are buried 2500-

4000m in the Munich metropolitan area. High flow rates (>100 l/sec) and high 

temperatures (>100°C) are the requirements for electric power generation and 

domestic heating. The Upper Jurassic Malm aquifer offers both; hence geothermal 

exploration in the Molasse basin is thriving to accomplish Munichôs ambitious vision to 

cover domestic heating demand exclusively through renewable energy by 2040 

(www.swm.de).  

Upper Jurassic carbonates of South Germany are traditionally subdivided into two 

simplified magna-facies types: (1) well-bedded marly carbonates and (2) massive 

carbonates (Geyer and Gwinner, 1984; Gwinner, 1976). The massive carbonates often 

associated with karstification, dolomitization, and fractures, and are therefore 

considered as the best potential geothermal reservoir facies. The well-bedded marly 

carbonates are non-reservoir facies and act as aquitards (Böhm, 2012a)). The massive 

carbonates are predominantly formed by sponge/microbial biohermal buildups 

associated with a deeper shelf environment of deposition (below storm wave base) 

(Leinfelder et al., 1996; Leinfelder, Krautter et al., 1994; Pawellek and Aigner, 2003a, 

2003b; Ruf et al., 2005b). Towards the top of the Upper Jurassic carbonate succession, 

the sponges are successively replaced by corals and other shallow water components 

like ooids and peloids, which are now the primary buildup-building components (Meyer, 

1994a). This change from an M-factory to a T-factory (Schlager, 2005) is most likely 

related to sea-level fall at the end of the Upper Jurassic (Haq et al., 1987). The 

sequence stratigraphic analysis of the fully-cored reference well Moosburg SC4 

reveals 3 large scale depositional sequences (S1-S3), that can also be identified on a 

seismic scale. Internal heterogeneities of the massive lime- and dolostones 

(bioherms), as well as the sequence stratigraphic architecture, have a significant 

impact on reservoir types, distribution, and properties. Highest flow rates are often 

linked with (1) karstification, (2) dolomitization, and/or (3) faults and fractures and are 

therefore of significant interest.  



Introduction 

6 

1.1 !ƛƳǎ ƻŦ ǘƘŜ {ǘǳŘȅ 

The improvement of the geothermal exploration strategy for Upper Jurassic carbonates 

in the greater Munich area and the Molasse Basin is the main objective of this study. 

Several non-economic dry-holes located south of Munich (e.g., Gelting-Geretsried, 

Mauerstetten, and Iking), highlight the need to better understand the subsurface and 

the geothermal carbonate reservoir (Dussel et al., 2018). 

This study deals with the following fundamental questions to improve the geothermal 

exploration and development of Upper Jurassic carbonates in the South German 

Molasse Basin: 

1. What are the geothermal reservoir types?  

2. Where are these reservoir types located (in a sequence stratigraphic context)? 

3. What is controlling the formation of the geothermal sweet-spots? 

4. Is the presence of geothermal sweet-spots predictable? 

5. Why are the geothermal wells south of Munich dry? 

6. Where is the southern border of the productive aquifers? 

Therefore, a systematic approach from 1-D sedimentological observations to 2-D 

correlations, 3-D seismic interpretation, and integration with dynamic data was applied. 

The workflow is based on the work from Kearns and Tinker (1997) and was adapted 

to focus on the geothermal requirements. The key elements are: 

¶ Documentation of the Upper Jurassic facies types and depositional sequences. 

¶ Borehole image facies interpretation and the link with core-based facies types. 

¶ Establishment of a sequence-stratigraphic framework. 

¶ Seismo-stratigraphic analysis and borehole image facies integration. 

¶ Identification of potential geothermal reservoir types. 

¶ Geothermal property mapping. 
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1.2 {ǘǳŘȅ !ǊŜŀ 

Most of the geothermal exploration activity takes place directly in the Munich 

metropolitan area, in the surrounding communities, and further to the south towards 

the Alps (Figure 1). The Upper Jurassic carbonates are buried to a depth of 2500 - 

3500m in the Munich area and up to 5000m further to the South. 30km NW of Munich, 

close to the city Landshut an der Isar, the research well Moosburg SC4 is located. It is 

the only well that recovered a continuous section of core from the Upper Jurassic and 

the Purbeck Formation (Meyer, 1994b), and yields invaluable information to better 

understand the subsurface of the Molasse Basin. The Upper Jurassic carbonates crop 

out to the North at the Swabian and Franconian Alb which are excellent areas for 

outcrop analog studies. Facies types, fossils, depositional environments, sequence 

stratigraphic architecture, geobody dimensions, and orientations can be studied in 

great detail and provide invaluable information to better understand the subsurface of 

the Molasse basin (Aigner and Schauer, 1998; Bartenbach, 2008; Bold, 2010; Fügel, 

2009; Geyer and Gwinner, 1984; Gwinner, 1976; Koch et al., 1994; Koch and 

Heuschkel, 2016; Olivier et al., 2004; Pawellek, 2001; Pawellek and Aigner, 2003a, 

2003b; Pawellek and Aigner, 2004; Pross et al., 2006b; Ruf et al., 2005a; Ruf et al., 

2005b) 
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Figure 1: Study area showing the North alpine Foreland basin (Molasse Basin). Most of 

the geothermal developments are in and around the greater Munich area.  

 

1.3 DŜƻƭƻƎƛŎŀƭ {ŜǘǘƛƴƎ 

1.3.1 Dƭƻōŀƭ tŀƭŜƻƎŜƻƎǊŀǇƘȅ 

During the Jurassic, the  Tethys ocean separated the northern continents (Laurasia) 

from Gondwana. It was an episode of increased igneous activity and rifting (Scotese, 

2001). In the Late Jurassic, the Central Atlantic Ocean was a narrow ocean that 

separated Africa and North America (Figure 2, A), and Gondwana started to break 

apart (Blakey, 2008; Scotese, 2001). Large parts of the continental edges were 

flooded, forming epicontinental shelf seas (Figure 2, light blue rims of continents).  
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Figure 2: Paleogeography of Europe (Blakey, 2008) 

(A)Overview of the Upper Jurassic showing the northern edge of the Tethys ocean, the 

opening of the Central Atlantic Ocean and the surrounding landmasses. (B) The study area 

of south Germany marked with the red square.  

 

According to many authors (Leinfelder, 1994; Meyer & Schmidt-Kaler, 1990; Pawellek 

and Aigner, 2003b; Ziegler, 2001) the Upper Jurassic of South Germany was part of 
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such an epicontinental shelf area (Figure 2, B). To the North, the shelf was separated 

from the boreal sea by an island archipelago (formed by the London Braband Massif, 

Rhenish Massif, and the Bohemian Massif) and connected to the Tethys Ocean in the 

South (Meyer, 1994a; Meyer, R. K. F. and Schmidt-Kaler, H., 1990). The epicontinental 

shelf seas, along with a tropical to a subtropical and relatively hot and dry climate, 

favored the deposition of carbonates (Leinfelder, Krautter et al., 1994; Leinfelder, R., 

1993; Leinfelder, R. R., Nose, M. et al., 1993). 

1.3.2 wŜƎƛƻƴŀƭ tŀƭŜƻƎŜƻƎǊŀǇƘȅ ό{ƻǳǘƘ DŜǊƳŀƴȅύ 

The Upper Jurassic of Southern Germany can be subdivided into three large 

paleogeographic areas: the Swabian, the Franconian, and the Helvetic facies. In 

general, the Helvetic facies represents a basin environment, the Swabian facies a 

sponge-dominated deeper part of the carbonate platform/ramp, and the Franconian 

facies comprises more shallow-water facies (e.g., corals). The paleogeographic 

context for the Upper Jurassic of South Germany is shown in Figure 3 and discussed 

in great detail in (Meyer and Schmidt-Kaler, 1989, 1990).  

Three overall depositional environments are present:  

(1) continental environment  

(2) transitional environment 

(3) marine environment 

The continental environment is represented by the Rhenish Land to the North-West 

and the Bohemian massif to the East. The continental environment turns into a 

transitional zone, which is characterized by tidal mudflats. The marine environment is 

dominated by carbonates and represents the Upper Jurassic of South Germany. The 

three arrows in Figure 3 indicate the main direction of terrigenous input (Meyer and 

Schmidt-Kaler, 1989, 1990).  
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Figure 3: Paleogeographic map of the Upper Jurassic (Malm Zeta 1 +2; modified after 

Meyer-and Schmidt-Kaler,1989)  

The red star shows the greater Munich metropolitan area. According to Meyer and Schmidt-

Kaler (1989), this area was part of a shallow-water, sponge, and coral-dominated platform 

with ooids and stromatolites during the Uppermost Jurassic (Zeta 1 + 2). 

 

 

The Upper Jurassic consists of two major lithofacies types that are (1) well-bedded 

carbonates and (2) massive carbonates (Geyer and Gwinner, 1984; Gwinner, 1976; 

Ziegler, 1977). The massive carbonates are mainly comprised of sponges, 
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thrombolites and microbial crusts, formed in a relatively deep shelf environment (below 

fair-weather wave base) as bioherms or mounds (Gwinner, 1976; Leinfelder et al., 

1996; Leinfelder, Krautter et al., 1994; Leinfelder, R., 1993; Meyer and Schmidt-Kaler, 

1989; Pawellek and Aigner, 2003b; Ziegler, 1977). During the further evolution of the 

Upper Jurassic, the sponges as main-bioherm building organisms are commonly 

replaced by corals. Furthermore, the presence of ooids, peloids, and reef debris 

wedges in the uppermost part can be observed, indicating a shallower depositional 

environment (Meyer, 1994a; Meyer and Schmidt-Kaler, 1989, 1990). Clastic input 

(e.g., clay, silt) was derived from the Rhenish Massif in the North (Gygi, 1986; Meyer 

and Schmidt-Kaler, 1989) and partly from the Swiss Platform in the West (Olivier et al., 

2004, Pittet et al., 2000; Pittet and Strasser, 1998). 

Figure 4 shows a simplified schematic cross-section through the Molasse Basin 

(approximately NE-SW orientation). The depositional environment is deeper to the SW 

(dominated by sponges, mostly below fair-weather wave base) and shallower to the 

NW (presence of corals and shallow water facies). The Upper Jurassic of South 

Germany is a highly heterogeneous system comprised of biohermal buildups, which 

 

Figure 4: Paleogeographic cross-section (modified after Meyer and Schmidt-Kaler, 1990) 

showing the depositional character and dominating lithological units. 
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are separated by inter-biohermal basins, but also by intra-biohermal basins (Chiracal, 

2019; Leinfelder, R. R., Nose, M. et al., 1993; Meyer and Schmidt-Kaler, 1989). The 

complexity of this depositional environment is observed on several scales and further 

discussed in chapter 5 (seismic interpretation) as it concerns the development of 

geothermal reservoir types and their distribution. 

1.3.3 {ǘǊŀǘƛƎǊŀǇƘƛŎ CǊŀƳŜǿƻǊƪ 

The Upper Jurassic of South Germany (also known as ñMalmò or ñWhite Jurassicò) 

conformably overlays the Middle Jurassic Dogger and is between 450 m to 600 m thick. 

It is partly overlain by the Purbeck Formation (in the subsurface of the Molasse basin) 

but also by an unconformity followed by Cretaceous deposits. The Upper Jurassic 

Malm is of Oxfordian to Tithonian age, which corresponds to approximately 15-18,5 

Ma years (Figure 3). The variation in the absolute age is mainly caused by a re-

evaluation of the German stratigraphic commission (Deutsche Stratigraphische 

Kommission, 2016) and the uncertainty of age of the Purbeck Formation (currently 

classified as Upper Jurassic/Cretaceous). (Lesíc, 2019) deals with the Purbeck 

Formation of South Germany in detail and, e.g. (Niebuhr and Pürner, 2014) with the 

actual classification of the German stratigraphic commission and the subdivision of the 

Upper Jurassic into Formations.  
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Figure 5: Stratigraphic table of South Germany. Modified after Villinger and Fleck (1995), 

Quenstedt (1858) and ISC (v2018/08) 

 

Figure 5 shows the lithostratigraphic classification after (Quenstedt, 1858) and 

(Villinger and Fleck, 1995).  

The Quenstedt classification is based on outcrop observations and ammonite zones. 

However, it is still the most suitable to characterize the subsurface because it 

represents alternating intervals that are dominated by marls or by carbonates, 

respectively. 

Viewed by an explorationist, these changes of composition can be detected by: (1) 

wireline well logs (e.g., gamma-ray), (2) seismic reflectors and (3) constrained by 

borehole image logs to identify stratigraphic surfaces and marker beds.  

Hence, for the reason of applicability in subsurface reservoir characterization, the 

original Quenstedt classification is used in this study. 
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1.4 .ŀǎƛƴ 5ŜǾŜƭƻǇƳŜƴǘ ϧ ¢ŜŎǘƻƴƛŎǎ 

The Molasse basin formed during the late stages of the Alpine orogeny. It represents 

a typical asymmetric foreland basin that dips to the south and continues at least 50km 

underneath the nappes of the Alps (Allen and Homewood, 1986; Bachmann et al., 

1987; Bachmann and Müller, 1992). The northernmost limit of the basin was situated 

approximately 20-30 km to the north of the Swabian and Franconian Alb. Crystalline 

basement blocks of the Bohemian massif (e.g., the Landshut Neuötting High) 

represent the eastern limit of the Molasse basin (Sissingh, 1997). The basement is of 

Variscan age and consists of gneisses and granites (Bachmann et al., 1991). They 

were uplifted and eroded during the Late Carboniferous resulting in an SW-NE oriented 

graben and troughs system (Ziegler, 1990; Ziegler and Dèzes, 2006). During the 

Jurassic, these preexisting basement structures were reactivated (extensional phase), 

resulting in differential subsidence and rotation of fault-bounded blocks (Wetzel et al., 

2003). Especially in carbonate environments, which are highly sensitive to changes in 

accommodation space (Schlager, 1993), the reactivation of preexisting basement 

faults can be related to facies changes (e.g., (Warnecke and Aigner, 2019; Wetzel et 

al., 2003). 

 

 

According to (Moeck, 2014) the Upper Jurassic Malm carbonates of South Germany 

can be classified as an ñorogenic belt geothermal play typeò, which is buried deep 

enough to reach high temperatures in the greater Munich area (Agemar et al., 2012; 

Böhm et al., 2013; StMWIVT, 2010).  

Figure 6 shows an N-S oriented cross-section and the strata overlying the crystalline 

basement (Lemcke, 1988). 
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Figure 6: N-S cross-section of the Molasse basin (Lemcke, 1988). 

The Malm carbonates (blue) are cropping out at the Swabian and Franconian Alb and are 

buried towards the south due to the Alpine orogenesis.  
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2. DATABASE AND METHODOLOGY 

The research well Moosburg SC4 is the only fully cored well through the entire Upper 

Jurassic of South Germany (TD 1585, 20m) and is used as reference well for this study 

as no core data is available from any of the geothermal wells in the greater Munich area. 

Additionally, cored intervals from four hydrocarbon wells were investigated. In total 785 m 

of core from the Upper Jurassic were systematically logged with a resolution of 1:20. 

Textural composition (Dunham texture), lithology, grain size, components, sedimentary 

structures, and rock color were recorded, interpreted and digitized with WellCAD 5.1. A 

core-to-log calibration was performed, comparing the gamma-ray signal with the 

sedimentological changes, sequence stratigraphic trends and marker beds. Forty-six rock 

samples were collected and used for thin section analysis (microfacies). 

Borehole image logs were analyzed and interpreted from 12 geothermal wells following a 

standard workflow (Pöppelreiter, García-Carballido, Kraaijveld, 2010b), but with a focus 

on borehole image facies. To verify the interpretation and linked the borehole image facies 

with core-based facies, borehole cuttings from three geothermal wells were integrated into 

the interpretation.  

The 3D seismic volume from the Freiham geothermal field, covering an area of 4.2 km x 

5.5 km) was interpreted in terms of seismic reflector termination mapping, seismic facies, 

sequence stratigraphy, and seismic attributes. The wells Freiham Th1 and Th2 were tied 

into the seismic to verify and compare the results of the interpretation.  

Dynamic data from flowmeter tests is linked with the borehole image interpretation and 

the seismic to identify geothermal reservoir types. Geothermal reservoir types are ranked 

according to the dominating permeability type. 

Three Master Theses, one Bachelor Thesis, and one scientific research project are part 

of this overall study, covering the following special aspects: 

¶ MSc.-Thesis Eigler (2018): Brenztal-Trümmerkalk, Facies Analysis, Sequence 

Stratigraphy and 3D-Modelling. Upper Jurassic carbonate debris as new potential 

geothermal play type in the Molasse Basin 
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¶ BSc.-Thesis Chiracal (2018): Sedimentological core description and wall panel 

interpretation of Upper Jurassic carbonates. Focus on geobody dimensions and 

porosity trends of bioherm debris wedges. 

¶ MSc.-Thesis Lesíc (2019): The Purbeck Formation of the Molasse Basin. 

Subsurface Facies, Log and Sequence Analysis 

¶ Scientific research project Chiracal (2019): Using aerial photography to investigate 

the size and dimensions of biohermal build-ups of Upper Jurassic carbonates of 

the Swabian Alb exposed by weathering. Comparison of outcrop dimensions with 

seismic attribute interpretation 

¶ MSc.-Thesis Arlat (2020): Regional Geologic Trends and Geothermal Reservoir 

Potential of Upper Jurassic Carbonates in the Molasse Basin. 
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3. 1D ANALYSIS  

3.1 .ŀŎƪƎǊƻǳƴŘ  

The greater Munich area is under intense geothermal development to reach the goals of 

Vision 2040 (www.swm.de); however, there is no core data available from any of the 

geothermal wells to calibrate the well-log or seismic interpretations.  

The Upper Jurassic of South Germany is very well studied in outcrops of the Swabian and 

Franconian Alb both by stratigraphers and by sedimentologists (Aigner and Schauer, 

1998; Bartenbach, 2008; Bold, 2010; Fügel, 2009; Geyer and Gwinner, 1984; Gwinner, 

1976; Koch et al., 1994; Koch and Heuschkel, 2016; Pawellek, 2001; Pawellek and Aigner, 

2003a, 2003b; Pawellek and Aigner, 2004; Pross et al., 2006b; Ruf et al., 2005a; Ruf et 

al., 2005b), but consistent lithofacies descriptions of the subsurface in the Molasse basin 

are still missing. This lack of information can lead to severe misinterpretations, as shown 

in Figure 7. The exact position of the Purbeck Formation, and therefore the Top Upper 

Jurassic (Malm), is often inconsistently picked, even within the same geothermal field. 

The wells A and B are only 2,5 km apart and yet show fundamental differences in lithology 

for the Purbeck Formation and the Upper Jurassic. The same problem is observed for 

Well C, which is approx. 20 km to the NE. The misinterpretation of Purbeck/Top Malm has 

a direct influence on stratigraphic interpretation and, therefore, on reservoir thickness and 

properties. 

 

Figure 7: Interpreted Purbeck lithology and variations. 
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3.2 CŀŎƛŜǎ !ƴŀƭȅǎƛǎ 

The research well Moosburg SC4 is the only fully-cored well through the Bavarian 

Molasse, that recovered a complete succession of Upper Jurassic carbonates, including 

the contact to the Middle Jurassic at the base and the Purbeck Formation at the top. 

Additionally, a continuous gamma-ray log was acquired. The well has been described and 

interpreted stratigraphically by (Meyer, 1994a) and (Böhm et al., 2011). However, a 

sedimentological study, including facies and sequence stratigraphy, was still missing. 

Therefore, the core was logged in a 1:20 scale with a focus on sedimentological 

structures, components, lithology, facies, pore types, cyclicity, depositional environment, 

and sequence stratigraphy. The aim of the core description is to derive a lithofacies and 

cycle hierarchy, that can be transferred into the subsurface of the Munich area, and to 

calibrate it with wireline logs to assist with the 2-D log correlation (Kearns and Tinker, 

1997). Especially the link between the core-based facies, the borehole image facies, and 

the gamma-ray are of major interest to improve the understanding of the geothermal 

reservoirs.  

3.2.1 [ƛǘƘƻŦŀŎƛŜǎ ¢ȅǇŜǎ ό[C¢ύ 

Twentytwo lithofacies types were identified for the Upper Jurassic Malm and the Upper 

Jurassic/Cretaceous Purbeck Formation of research well Moosburg SC4. They are 

summarized in Table 1 below and shown in detail in Figure 8 to Figure 31. The 

characterization of lithofacies types follows the classification from (Pawellek, 2001; 

Pawellek and Aigner, 2004) and includes the Dunham texture, fossil content, components, 

sedimentary structures, visible porosity but also bed thickness, contacts, and other 

important observations. The aim is to recognize the core-based lithofacies types from the 

core via distinct diagnostic features that can be captured by micro-resistivity borehole 

image logs from the geothermal wells of the greater Munich area.  
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Table 1: Summary of lithofacies types (LFT). 

Litho 
Facies 
Types 

Facies (F) Stratigraphic interval 
Bed 

thickness  
Basal contact 

Sedimentary structures/ 
Observations 

Biological 
Structures 

 LFT 23 Sandstone Gault (Cretaceous) cm gradual not observed not observed 

 LFT 22 Algal Boundstones Purbeck dm sharp Wavy-bedding algal lamination 

LFT 21 
Flat pebble conglomerate 
and reworked surface Purbeck cm - dm erosive rip-up clasts or chaotic brecciation not observed 

LFT 20 Coral Floatstone Zeta 4-5 dm sharp massive with branched corals 
coral in living 
position 

LFT 19 
Peloidal-oolitic 
grainstones Zeta 4-5, Purbeck dm sharp or erosional cross-bedding not observed 

LFT 18 
Bioclastic-peloidal-oolitic 
Packstones Zeta 4-5, Purbeck dm sharp or erosional cross bedding bioturbation 

LFT 17 
Wackestones with 
packstone filled burrows Zeta 4-5, Purbeck dm sharp 

1-2 cm thick burrows, filled wich 
coarse grained bioclast-rich 
packstones (often dolomitised) 

bioturbation, 
Thalassinoides type 
burrows 

LFT 16 
Bioclastic wackestones 
and packstone Zeta 4-5, Purbeck cm -dm sharp 

massive with fine shell and bioclast 
debris   

LFT 15 

Very dark, intensively 
bioturbated, black pebble 
dominated wackestones  Zeta 4-5, Purbeck dm - m gradual 

destratified, very dark, greenish, 
black pebbles 

intensively 
bioturbated 

LFT 14 Bioturbated Mudstones 
Gamma, Zeta 2, Zeta 4-5, 
Purbeck dm -m gradual wavy bedding bioturbation 

LFT 13 Well bedded Mudstones  Zeta 1, Zeta 2, Zeta 3 m sharp 
bedding with horse tail structures 
(dissolution seams) not observed 

LFT 12 

Chaotic bedded, 
reworked (slump-slide) 
Mudstones  Zeta 1, Alpha dm - m erosional 

brecciated, reworked chaotic 
mudstones, syn-sedimentary 
deformation, deformed bedding not observed 
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LFT 11 
Massive dolomitic Mud- 
and Wackestones  

Gamma,Delta,Epsilon,Zeta 
1, Zeta 4-5, Purbeck dm sharp massive not observed 

LFT 10 

Dm-thick to massive 
sponge-thrombolite Float-
to-Rudstone  Delta,Epsilon dm - m gradual massive not observed 

LFT 9 

Cm-to dm bedded, 
sponge-thrombolite Float-
to-Rudstone  Delta,Epsilon cm - dm gradual massive not observed 

LFT 8 

Cm-thin bedded, marl rich 
sponge-thrombolite Float-
to-Rudstone  Delta,Epsilon cm gradual thin-bedded, laminated not observed 

LFT 7 
Tuberoid and bioclast 
debris wackestones Gamma, Zeta 1 cm - dm gradual massive sparse bioturbation 

LFT 6 

Well bedded to massive  
bioclast debris rich 
wackestones 

Beta,Gamma,Zeta 4-5, 
Purbeck dm - m sharp parallel bedding not observed 

LFT 5 

White 
mudstones/wackestones 
with fossil-rich clay 
alternations Beta,Gamma dm  sharp 

parallel bedding, cm thin laminated 
clay intervals not observed 

LFT 4 
White, thick-bedded and 
massive mudstone Beta, Purbeck dm - m sharp parallel bedding not observed 

LFT 3 Grey, bedded mudstones 
Alpha, Beta, Zeta 4-5, 
Purbeck cm - dm sharp parallel bedding, lamination 

very sparse 
bioturbation 

LFT 2 
Dark, clay-rich, laminated 
mudstones Alpha cm - dm sharp lamination 

some bioturbation, 
chondites type 
burrows 

LFT 1 Clay, fissile shale all intervals mm - cm sharp lamination not observed 
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Figure 8: LFT 1: Claystone 

 

Figure 9: LFT 2: Dark, laminated marlstone 
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Figure 10: LFT 3: Lime, bedded mudstones 

 

Figure 11: LFT 4: White, thickly bedded and massive lime mudstone 
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Figure 12: LFT 5: White mudstone/ wackestone with fossil-rich clay alternations 

 

Figure 13: LFT 6: Well bedded to massive mud-to wackestone 
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Figure 14: LFT 7: Tuberoid wacke- to packstone. 

 

Figure 15: LFT 8: Cm bedded, marly sponge thrombolite float- to rudstone 
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Figure 16: LFT 9: Cm- to dm bedded, sponge-thrombolite float- to rudstone 

 

Figure 17: LFT 9: Cm to dm bedded, sponge thrombolite float- to rudstone 
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Figure 18: LFT 10: Dm to m bedded sponge-thrombolite float-to-rudstone 

 

Figure 19: Sponge-thrombolite float-to-rudstone : detail view 
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Figure 20: LFT 11: Massive dolomitic Mud- and Wackestone 

 

Figure 21: LFT 12: Chaotic/ brecciated mudstone 
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Figure 22: LFT 13: Well bedded lime-marlstone alternations 

 

Figure 23: LFT 14: Bioturbated dolo mudstone 
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Figure 24: LFT 15: Dark, intensively bioturbated, mudstone 

 

Figure 25: LFT 16: Bioclastic wackestone and packstone 
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Figure 26: LFT 17: Wackestone with dolo packstone filled burrows 

 

Figure 27: LFT 18: Bioclastic-peloidal-oolitic Packstones 
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Figure 28: LFT 19: Peloidal-oolitic grainstones 

 

Figure 29: LFT 20: Coral floatstone 
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Figure 30: LFT 21: Flat pebble conglomerate and reworked surface 

 

Figure 31: LFT 22: Algal boundstone 

 


















































































































































































































