
Dear Elias, 

 

Please find our responses to reviewers’ comments and the revised paper and figures of our manuscript “Upper 

Jurassic carbonate buildups in the Miechów Trough, Southern Poland – insights from seismic data interpretation”. 

I would like to first address our reply to the reviewers’ comments. 

Our reply to Prof. Jacek Matyszkiewicz: 

 

We would like to thank Jacek Matyszkiewicz for his valuable and constructive comments, they surely 

helped to finally shape our paper. Please find below response to all the issues raised in your review. 

 

Comment from referee (RC1): 

RC1: “Terminology - The authors use the term "sponge megafacies" (lines 105, 153-158, 383) according 

to Matyja & Wierzbowski (2006). The widespread appearance of calcified siliceous sponges in all Upper 

Jurassic successions of the northern Tethyan shelf commonly leads to the opinion that these organisms 

were the principal rock-forming components. Consequently, all these diversified facies are categorized 

into the far simplified term “sponge megafacies” (Matyja, 1976 fide Trammer, 1982; Matyja & Pisera, 

1991). As the principal rock-forming components of these rocks are microbial structures (what Gwinner, 

1971 has already pointed out) the term “microbial-sponge facies” or even “microbial facies” seems to 

be more adequate.” 

Authors response: 

We used term “sponge megafacies” in the description of the general geological background for our 

results that are based on interpretation of seismic data. This term was derived from the literature as 

our data are of course of absolutely different resolution and do not allow for discriminating, directly 

or indirectly, any rock-forming components. Our intention was to treat term “sponge megafacies” as 

a general term, coined in the literature, with certain stratigraphic connotations. However, we do 

understand and do agree that it is being used as general, partly informal descriptive term for the Upper 

Jurassic carbonate rocks. Our understanding is that this term does not automatically imply that 

sponges were the principal rock-forming component, with microbial structures playing also very 

important role; therefore, we rephrased our text (1line 105) in order to clearly emphasize that 

carbonate buildups deposits are built of sponges and microbialites. Detailed discussion regarding 

intricacies of local versus regional stratigraphy, primary and secondary rock constituents etc. of the 

Upper Jurassic succession should be had between specialists working with appropriate data, and 

                                                           
1 we are referring to line numbers of the original manuscript 



having appropriate know-how and experience. Seismic data could provide very interesting, sometime 

novel insight regarding various aspects of structure and evolution of this carbonate succession but such 

problems are clearly beyond its reach. 

 

Comment from referee (RC1): 

RC1: “Literature - In 2019, the PhD of A. Urbaniec was defended. It is an admittedly unpublished work, 

but the second author (PK) was reviewer. The dissertation concerns identical issues of seismic data 

interpretation in the Carpathian Foredeep. This work must be quoted and discussed.” 

Authors response: 

In the submitted version of the paper, we followed widely accepted and adhered to by many journals 

rule that unpublished studies, including PhD theses, should not be cited. In our paper we made just 

one exception – we cited unpublished well reports for wells used to calibrate seismic data from our 

study area, as they contain crucial information absolutely necessary to properly illustrate various 

aspects of seismic data interpretation. Archive industry reports in most cases remain indefinitely 

unpublished hence our decision. On the other hand, we do not have any problems with citing this 

particular PhD thesis as it certainly is relevant to our results. We have consulted this with Solid Earth 

editors, and, following their approval, remarks on this unpublished work was added to our paper (lines 

53 and 367). It should be also stressed that this study is based on 3D seismic data (we used a bit more 

regional 2D seismic coverage) from different part of the basin with partly different geological history, 

and does not provide any crucial information that would in any way alter our own results.  

 

Comment from referee (RC1): 

RC1: “There is no basic work here of Olszewska et al. (2012) containing a critical analysis of previous 

work. This is a necessary item for quotation and brief discussion.” 

Authors response: 

Upper Jurassic succession in S Poland, similarly to rest of the Europe, has been intensively studied for 

more than 200 years. This certainly resulted in publication of huge number of various papers dealing 

with very different aspects of Jurassic stratigraphy etc. Over last couple of decades various opinions 

have been formulated in this context, and, as a result, we faced very complex task of selecting key 

papers that would best illustrate such diversity of opinions. In the process we surely we might have 

missed some papers that in other’s eyes are very important. Therefore, without any hesitation, we 

followed advice of Jacek Matyszkiewicz and added Olszewska et al., 2012 to the references (lines 137 

and 156). We would like to stress that discussion of very detailed Upper Jurassic stratigraphy was 

outside scope of our work, simply due to lack of adequately detailed well data from our study area. 

We had access to old wells with stratigraphy available in archive well reports based on divisions from 



many decades ago, and to two more recently drilled wells in which however no detailed stratigraphic 

studies have been performed. Therefore, we were forced to use rather simplified stratigraphic 

subdivisions, heavily relying on vertical lithological variations derived from well logs and rock cuttings. 

Hopefully, future stratigraphic studies will more fully clarify Jurassic stratigraphy and this knowledge 

could be used in future seismostratigraphic studies. Our conclusions of generic character would remain 

largely unchanged, only stratigraphic context might be partly different. 

Comment from referee (RC1): 

RC1: “The paper has not included issues related to differential compaction, although the authors devote 

a lot of space to it (lines 318-325; 380-381). This applies to publications Kochman & Matyszkiewicz 

(2013) – mechanical compaction and Matyszkiewicz & Kochman (2016) - chemical compaction. 

However, other works are cited (Matyszkiewicz et al., 2006, 2016 - line 381), in which only short 

paragraphs are devoted to the compaction.” 

Authors response: 

This is a problem partly similar to the problem with selection of papers devoted to Jurassic stratigraphy 

- we tried to select the best and most-to-the-point papers dealing with compaction of Jurassic 

carbonates but certainly we might have missed some of them. Following this suggestion, our reference 

list was supplemented. 

 

Comment from referee (RC1): 

RC1: “Figures - Figs. 8-15. In the lower parts the figures contain interpretations. This is not an 

interpretation from geological point of view because the vertical scale is given in seconds and not in 

meters. The interpreted seismic profiles should contain the vertical scale in meters. At least an 

additional explanation of the authors is required here.” 

Authors response: 

It really depends on what one defines as “geological interpretation of seismic data”. There are 

hundreds if not thousands of papers that contain interpreted seismic data in time domain, with vertical 

scale given in seconds of two-way travel time. Nowadays time seismic data still prevail although of 

course more and more frequently also depth data is available due to wider application of processing 

techniques such as PSDM etc. In this case however only time data was available so the only option was 

to present uninterpreted profiles and their interpreted equivalents in vertical time scale. This is 

standard approach that could be illustrated by a very large number of papers based on seismic data, 

and for us this is geological interpretation of seismic data, indeed. It should be also stressed that our 

interpreted data is not entirely depth-independent. Detailed time-depth relationships are clearly given 

on Figures 6 and 7 (cf. also Figures 11 and 12), and this information should be sufficient to properly 



asses an overall geometry of the studied carbonate buildups etc. and put our time interpretation in 

depth context. 

 

Comment from referee (RC1): 

RC1: “Fig. 16. In my opinion comparing of the wall of "Młynka” quarry (about 20 meters wide) with 

seismic profile with a length of about 5 km is inappropriate. Such a procedure can prove everything 

and negate everything.” 

Authors response: 

Indeed, maybe this was a bit too long shot. All we wanted to achieve here was to show that some 

geometrical relationship between bedded and massive facies, although in different scales, could be 

observed both in outcrops and on seismic data. However, we agree that these might be different 

features, so detailed comparative study of outcrops and seismic profiles might require additional field 

work, possibly combined with seismic stratigraphic modelling studies, similar to the work of W. 

Schlager et al. in the Dolomites. Taking this into account, and also the fact that similar concerns have 

been raised by another Reviewer, we decided to remove this comparison from this paper. Accordingly, 

we removed relevant parts from the manuscript, i.e. lines 68–71 (Introduction), and lines 396–410 

(Discussion). This change did not however substantially influence any element of our interpretation 

and they all still hold valid. 

 

Comment from referee (RC1): 

RC1: “List of additional references (…).” 

Authors response: 

All suggested references were added to the reference list (for detailed information please see the 

supplementary file). 

 

Authors changes in manuscript: 

Please find attached the supplement file with listed specific changes in the manuscript. 

 

We would like to thank again for all the comments and suggestions, they significantly helped us to 

refine our paper. 

 

Łukasz Słonka 

(on behalf of the authors) 

 



Authors response to Reviewer 1 (RC1): 

Supplement (detailed list of corrections) 

 

Text: 

 

Line 53, additional sentence was added: Recently, several new buildups have been identified and 

interpreted using seismic data (Urbaniec, 2019). However those results represent more southern part 

of the basin, located beneath the Miocene of the Carpathian Foredeep Basin (about 50 km to the south 

from the study area). 

Line 53, the next sentence was move to the new paragraph. 

 

Lines 104-107, we have changed this part of the text according to the suggested corrections. Additional 

references were added (Gwinner, 1971). Reference to Fig.4a was additionally moved from line 107 to 

line 105. Modified part of the text is given below: 

The Oxfordian and lower Kimmeridgian succession within the Polish part of the northern Tethyan 

shelf margin is commonly interpreted as a carbonate ramp or an open shelf deposits (e.g. Matyja et 

al., 1989; Kutek, 1994; Gutowski et al., 2005; Matyja, 2009; Krajewski et al., 2011; Fig. 4a). These 

deposits, sometimes termed the sponge megafacies, are bulit of sponges and microbialites, and are 

present within the entire European part of the northern Tethyan shelf margin (Gwinner, 1971; Matyja, 

1977; Matyja and Pisera, 1991; Matyja and Wierzbowski, 1995, 1996, 2006; cf. Matyszkiewicz, 1997a; 

Gutowski et al., 2005, 2006).  

Line 107, also, we added here additional reference (cf. Matyszkiewicz, 1997a) 
 
Line 137, new reference was added (Olszewska et al. 2012) 
 
Line 156, a new sentence related to the above reference (Olszewska et al., 2012) was added: 

Further micropaleonotlogical investigations allowed for stratigraphical reassessment of the Upper 

Jurassic strata beneath the central part of the Carpathian Foredeep basin, as well as for the regional 

correlations towards the south-western Ukraine (Olszewska et al. 2012). 

Line 367, we comment on the work by A. Urbaniec in the new sentence added to the text, which is 

given below: 

Recently, Urbaniec (2019) provided seismic examples of Upper Jurassic carbonate buildups of 

similar size that are located about 50 km south-east from the study area. Those buildups are 

characterised by complex geometries and probably consist of several levels of the massive limestones.  

Line 381, additional references devoted to various aspects of differential compaction were added to 

the text: (Kochman & Matyszkiewicz, 2013; Matyszkiewicz and Kochman, 2016) 

 
 
 



 
 
 
References: 

 
All suggested references were added to the reference list: 
 
Gwinner, M. P.: Carbonate rocks of the Upper Jurassic in SW-Germany, in: Sedimentology of parts of 

Central Europe, edited by: Müller, G., Frankfurt a. M., 193-207 pp., 1971.  

Kochman, A. and Matyszkiewicz, J.: Experimental method for estimation of compaction in the 

Oxfordian bedded limestones of the southern Kraków-Częstochowa Upland, Southern Poland, 

Acta Geol. Pol., 63, 681–696, https://doi.org/10.2478/agp-2013-0029, 2013. 

Matyszkiewicz, J. and Kochman, A.: Pressure dissolution features in Oxfordian microbial-sponge 

buildups with pseudonodular texture, Kraków Upland, Poland, Ann. Soc. Geol. Po., 86, 355–377, 

https://doi.org/10.14241/asgp.2016.008, 2016. 

Olszewska, B., Matyszkiewicz, J., Król, K., and Krajewski, M.: Correlation of the Upper Jurassic-

Cretaceous epicontinental sediments in southern Poland and south western Ukraine based on 

thin sections, Biuletyn Państwowego Instytutu Geologicznego, 453, 29–80, 2012.  

Urbaniec, A.: Lithofacial development of the Upper Jurassic and Lower Cretaceous deposits in the 

Dąbrowa Tarnowska-Dębica area based on the 3D seismic interpretations, Unpublished PhD 

Thesis (in Polish only), Faculty of Geology, Geophysics and Environmental Protection of AGH, 

Kraków, 2019. 

 

Figures: 

 

Figure 16, the entire figure was removed together with related part of the text in the Discussion 

(lines 396–410); also the appropriate sentence in the Introduction was skipped (lines 68–71). 

 

Łukasz Słonka 

(on behalf of the authors) 

 

 

 

 

 



Our reply to Prof. Tadeusz Peryt: 

 

We would like to thank Tadeusz Peryt for his valuable corrections of our manuscript. We will address 

below to your key comments/suggestions: 

 

For lines 75 and 85 change from “Late Cretaceous” to “late Cretaceous” was suggested for the age of 

the inversion and related formation of the Szczecin-Łódź-Miechów Synclinorium. In our paper, we 

adopted terminology from the International Chronostratigraphic Chart 

(http://www.stratigraphy.org/index.php/ics-chart-timescale) and general rules provided by the 

International Commission on Stratigraphy, so, accordingly, series and epoch were written by 

uppercase. It has been well established in the literature that inversion of the Southern part of the 

Polish Basin embraced Turonian - Maastrichtian, so “Late” rather than “late” was used in our text and 

we still think that this was correct approach.  

Figure 3 – we agree that the citation of maps should be chronological. In the Figure 3, only the position 

of the Northern boundary of the Miocene deposits of the Carpathian foredeep basin was used from 

the map of Żytko et al., (1988). The rest of this map is based on Dadlez et al., (2000) and is not based 

on the map by Żytko et al., (1988). Therefore, we decided to modify this map and to move reference 

to Żytko et al., 1998 from the figure caption to the map legend. 

Figure 4 – yes, we have missed “HST” here, it was added in the corrected version of this figure.  

Finally, we followed and agreed with all other comments and suggested corrections., and we provided 

a specific list of all the changes made in manuscript in the additional file, as a supplement to our 

response. 

 

Once again, thank you for all your suggestions and corrections. They greatly improved our paper and 

increased its quality. 

Łukasz Słonka 

(on behalf of the authors) 

  



Authors response to Reviewer 2 (RC2): 

Supplement (detailed list of corrections) 

 

Text: 

 

Line 114, corrected (semicolon was used instead of comma) 

Line 149, corrected („Lower” was be changed to „Early”) 

Line 164, corrected („rather” was removed) 

Lines 168–169, well names (Michałów-3, Węchadłów-1, Lipówka-1, Chopin-1, Belvedere-1) were 

skipped 

Line 219, corrected (italic style changed to normal) 

Line 222, corrected (italic style changed to normal) 

Line 263, corrected (British spelling was used) 

Lines 275–276, corrected (italic style changed to normal) 

Line 319, corrected („rather” was changed to „more”) 

Line 330, corrected (British spelling was used) 

Line 360, corrected (British spelling was used)  

Line 368, corrected („implication” was changed to „application”) 

Line 370, corrected: change in text (“different” was changed to „various”) 

Line 381, corrected (comma)  

Line 450, corrected (British spelling was used) 

 

References: 

 

Line 513, citation style was corrected (comma instead dot) 

Line 550, corrected (“Państwowego” was removed) 

Line 638, corrected (comma was used instead of dot) 

Line 826, corrected (“in Polish with English summary” will be added) 

  



 

Figures and figure captions: 

 

Figure 3, descriptions in the legend (see left side) were corrected as follows: Keuper – corrected, 

Devonian (unseparated) – corrected 

Figure caption: reference to Żytko et al.,1988 was moved from the figure caption to map legend.  

Figure 4, HST” was added in this figure 

 

Łukasz Słonka 

(on behalf of the authors) 

 

  



 

Our reply to Dr. Gabor Tari: 

 

 

We would like to thank Gabor Tari for his thorough review of our paper, it certainly helped to increase 

its clarity and, we hope, an overall quality. Please find below our response to your comments. 

 

Comment from referee (RC3): 

RC3: “1) On figure 2, the analogue areas mentioned should be annotated and a few more relevant 

examples should be added, “closer to home”, i.e. in Austria, Czech Republic and Poland.  

Adámek, J., 2005. The Jurassic floor of the Bohemian Massif in Moravia–geology and paleogeography. 

Bulletin of Geosciences 80(4), pp.291-305.  

Zimmer W., Wessely G. (1996): Exploration results in thrust and subthrust complexes in the Alps and 

below the Vienna Basin in Austria. In: Wessely G., Liebl W. (eds) Oil and gas in Alpidic Thrustbelts 

and Basins of Central and Eastern Europe. EAGE Special Publication 5, Geological Society, London, 

81–107.  

Wessely G. (2006): Geologie von Niederösterreich. Geologische Bundesanstalt, Wien.  

Mysliwiec, Michal, Zenon Borys, Beata Bosak, Bogusław Liszka, Kazimierz Madej, Andrzej Maksym, 

Krystyna Oleszkiewicz, Małgorzata Pietrusiak, Bożena Plezia,Grzegorz Staryszak, Grażyna 

Świętnicka, Czesława Zielińska, Krystyna Zychowicz, Piotr Gliniak, Radosław Florek, Jarosław 

Zacharski, Andrzej Urbaniec, Adam Gorka, Piotr Karnkowski, and Paweł H. Karnkowski, 2006, 

Hydrocarbon resources of the Polish Carpathian Foredeep: Reservoirs, traps, and selected 

hydrocarbon fields, in J. Golonka and F. J. Picha, eds., The Carpathians and their foreland: Geology 

and hydrocarbon resources: AAPG Memoir 84, p. 351 – 393.” 

Authors response: 

In the submitted version of the paper we cited selected papers dealing with various aspects of seismic 

interpretation of the Upper Jurassic carbonate buildups in central-western Europe, but we might have 

missed some papers that should have been mentioned; we have supplemented our reference list and 

added suggested references (line 50). Amended list of other relevant seismic studies has been also 

reflected on map from the Figure 2. 

 

 

 



Comment from referee (RC3): 

RC3: “2) I would certainly include the reference to this paper and also paint the position of the Polish 

Upper Jurassic reefs in a global context, such as reef types and reef builders:  

Wolfgang Kiessling, Erik Flügel and Jan Golonka (1999) Paleoreef Maps: Evaluation of a Comprehensive 

Database on Phanerozoic Reefs. AAPG Bulletin, 83, 1552–1587.” 

Authors response: 

We agree that description of global context for the Upper Jurassic carbonate buildups would be useful, 

especially for international readers from outside of Europe. Accordingly, we modify chapter 2.2. (new 

text was added from line 112), and also, the above-mentioned reference (Kiessling et al., 1999) was 

cited in the revised version of the manuscript.  

 

Comment from referee (RC3): 

RC3: “3) Frankly, on some of these seismic sections, the detection limit for the interpretation is a 

challenge. It would be good to provide some close-ups on some of the features, e.g. on Figure 9, the 

singular carbonate build-up. . . “ 

Authors response: 

This is a very helpful comment. In order to better visualize carbonate buildups we supplemented 

Figures 8, 9, and 10 with additional zooms of the carbonate buildups so their external geometries and 

relationship to the surrounding deposits could be better appreciated, also because these zooms are 

less vertically exaggerated. 

 
Comment from referee (RC3): 

RC3: “I wonder whether some other seismic attribute displays, such as inst. frequency or interval 

velocity, may be more helpful to show the presence and outline of these build-ups in a more convincing 

manner?”  

Authors response: 

We agree that seismic attribute displays would be helpful for a more detailed investigation of the 

outline of the buildups, this is however fairly important issue requiring (and deserving) lengthy 

treatment and we decided, even before submitting our paper to Solid Earth, to devote a separate 

paper to this problem. Having this topic included in this paper would require either rather condensed 

treatment of this problem or would significantly expand the length of the text, and we found both 

options unviable.  

 

Comment from referee (RC3): 



RC3: “Any sensitivity work on the potential use of velocity pull-up, i.e. could one expect to see one at 

all, or all these carbonates have pretty much the same velocity, i.e. variations less than, say, 5-10%?” 

Authors response: 

The seismic velocity considerably differs between the massive and bedded facies. Interval velocity of 

the massive carbonates is about 5000–5500 m/s as suggested by modern Chopin-1 and Belvedere-1 

wells, while bedded facies are characterized by lower values, in order of 3800 – 5000 m/s as proved by 

older wells. This may suggest that lateral seismic velocity variations between massive and bedded 

facies sometimes might exceed 10%, and such differences might be responsible for producing velocity 

pull-up effect that might be observed beneath the carbonate buildups. We’d like to stress however 

that reliable, good quality velocity data is available only for the massive facies as there are no modern 

wells drilled within the basinal bedded facies, so information on lateral velocity variations is rather 

sparse and qualitative. Nevertheless, we agree that some additional comments regarding lateral 

velocity variations, velocity pull-up effects etc. would be a welcome addition so we added paragraph 

on that to the corrected version of out manuscript. The new text starts from line 326. 

 

Comment from referee (RC3): 

RC3: “Any analogue studies in this regard? How about those stunning Miocene examples from the Far 

East, Natuna, etc.? I am sure that some of those reefs could provide some analogues.” 

Authors response: 

Yes, we agree, and a sentence concerning analogous studies was added (it is included in the new 

paragraph that starts from line 326). We refer to the large Miocene carbonate buildups from the Far 

East (Luconia) where similar velocity pull-up effects were observed.   

 

Comment from referee (RC3): 

RC3: “4) Figure 16 is an interesting attempt to compare “apples and oranges”, but I would not do it. 

Regardless of the order of magnitude difference in scales, the outcrop photos are just not that 

convincing to see the difference between the massive and bedded facies. I suggest to drop this figure.” 

Authors response: 

With little hesitation we agree with this suggestion, perhaps comparison of outcrop and seismic profile 

presented in Figure 16 was a little bit to far reaching. By presenting this comparison we wanted to 

stress that some geometrical relationship between the massive and bedded carbonate facies, although 

in different scales, could be observed both in outcrops and on seismic data. However, we agree that 

our attempts to compare the geometrical relationship between main facies observed in outcrops and 

on seismic data might be not be fully convincing due to the too large differences in scales. Taking this 

into account, and also due to the fact that similar concerns have been raised by another Reviewer, we 



decided to remove this comparison from our paper. Similarly, we removed also all corresponding parts 

in the text including lines 68–71 (Introduction) and lines 396–410 (Discussion). These changes did not, 

however, influence any of the key elements of our interpretation and they all still hold fully valid. 

 

Authors changes in manuscript: 

List of specific changes in our manuscript has been attached as the supplement file.  

 

Again, many thanks for the comments and suggestions, they all significantly helped us to improve our 

paper. 

 

Łukasz Słonka 

(on behalf of the authors) 

 

 

Authors response to Reviewer 3 (RC3): 

Supplement (detailed list of corrections) 

 

Text:  

 

Lines 50, 53, following your suggestions we have added additional references: Zimmer and Wessely, 

1996; Adámek, 2005; Wessely, 2006; Myśliwiec et al., 2006 

Line 112, we have supplemented this part of the text, according to your corrections: 

The Upper Jurassic carbonate buildups in southern Poland display a large diversity of reef types, 

from siliceous sponge mounds to microbial-sponge buildups and coral reefs, as all of these types were 

commonly found in Europe where reefs were most widespread in the Late Jurassic (Kiessling et al., 

1999; cf. Leinfelder et al., 1996; Gliniak et al., 2005; Matyszkiewicz et al., 2012; Krajewski et al., 2018). 

Outside of Europe reefs occurred less commonly in Late Jurassic, and they represented mainly coral-

dominated reefs and biostromes (Kiessling et al., 1999). Common carbonate buildup types that can be 

recognized from the seismic data in Poland are bioherms (e.g. Gliniak and Urbaniec, 2001, 2005; Gliniak 

et al., 2005). Worldwide, these organic structures can be found in all latitudes between 45°S and 52°N 

(Kiessling et al., 1999); in southern Poland they often developed as large microbial-sponge biohermal 

complexes (e.g. Matyja and Wierzbowski, 2006). 

Line 326, we have added here new paragraph, devoted to velocity pull-up effect observed on the 

analyzed seismic data. Additionally, we made here a brief comment on the studies from Luconia, 



Malaysia and NW shelf of Australia where the problem of velocity pull-ups was also raised 

(appropriated citations were added), as suggested. The entire new text is shown below: 

The velocity pull-up effect observed beneath the carbonate buildups (cf. Fig. 13) results from lateral 

seismic velocity contracts between the massive and stratified (bedded) carbonates. The interval 

velocity of the massive limestones, drilled by modern Chopin-1 and Belvedere-1 wells, is about 5000–

5000 m/s and is significantly higher in comparison to seismic velocity obtained from the Michałów-3 

or Lipówka-1 legacy wells for the corresponding stratified deposits that are in order of ca. 3800-5000 

m/s. However, it should be taken into account that velocity information from these old wells should 

be treated only tentatively, due to their uncertainty resulting from the lower quality of older well-

logging data. Expected lateral seismic velocity variations between the massive and bedded carbonates 

often exceed 10% and might be responsible for producing some velocity pull-ups beneath the 

seismically faster carbonate buildups. Then, it is probable that at least for some of the morphological 

heights situated beneath the carbonate buildups in the analysed time seismic data, velocity pull-ups 

might have distorted their true geometries. The similar role of high-velocity reefal intervals in 

production of velocity pull-up effects beneath the carbonate buildups was described for time seismic 

data characterising the large Miocene buildups in Luconia, Malaysia (e.g. Zampetti et al., 2004; Rankey 

et al. 2019) or numerous isolated buildups from the north-west shelf of Australia (Saquab and Bourget, 

2016).   

 

 

References: 

 

Following your suggestions, following citations were added to the reference list: 

Adámek, J.: The Jurassic floor of the Bohemian Massif in Moravia–geology and paleogeography, Bull. 

Geosci., 80, 91–305, https://doi.org/10.3140/bull.geosci.2005.04.291, 2005. 

Kiessling, W., Flügel, E., and Golonka, J.: Paleoreef Maps: Evaluation of a Comprehensive Database on 

Phanerozoic Reefs, AAPG Bull., 83, 1552–1587, https://doi.org/10.1306/E4FD4215-1732-11D7-

8645000102C1865D, 1999. 

Myśliwiec, M., Borys, Z., Bosak, B., Liszka, B., Madej, K., Maksym, A., Oleszkiewicz, K., Pietrusiak, M., 

Plezia, B., Staryszak, G., Świętnicka, G., Zielińska, C., Zychowicz, K., Gliniak, P., Florek, R., Zacharski, 

J., Urbaniec, A., Górka, A., Karnkowski P., and Karnkowski, P.H.: Hydrocarbon resources of the Polish 

Carpathian Foredeep: Reservoirs, traps, and selected hydrocarbon fields, in: The Carpathians and 

their foreland: Geology and hydrocarbon resources, edited by: Golonka, J., and Picha, F.J., AAPG 

Memoir, 84, 351–393, https://doi.org/10.1306/ 985613M843073, 2006. 

Wessely, G.: Geologie von Niederösterreich (in German only), Geologische Bundesanstalt, Wien, 416 

pp., 2006. 

Zimmer, W., and Wessely G.,: Exploration results in thrust- and subthrust complexes in the Alps and 

below the Vienna Basin in Austria, in: Oil and gas in Alpidic Thrustbelts and Basins of Central and 

Eastern Europe, edited by: Wessely, G.,and Liebl, W., EAGE Special Pub., 5, Geol. Soc., London, 81–

107, https://doi.org/10.3997/2214-4609.201410141, 1996. 

 



 

Figures and figure captions: 

 

Figure 2, according to the suggested correction, we have annotated (by subsequent numbers 1, 2, 3 

etc.) the location of previous seismic interpretation studies/papers on the Upper Jurassic carbonate 

buildups and we added the particular references in the figure caption, including suggested citations 

from Austria and Czech Republic. 

 

 

Figure 2. Simplified paleogeographic sketch map of central and western Europe for the middle–late Oxfordian (after 

Wierzbowski et al., 2016); red points show location of the previously published seismic interpretation studies/papers dealing 

with the Upper Jurassic carbonate buildups from the northern Tethyan shelf margin and adjacent areas (1. Ellis et al., 1990; 2. 

Bunes et al., 2010; 3. Hartmann et al., 2012; 4. Lüschen et al., 2014; 5. Zimmer and Wessely, 1996; 6. Adámek, 2005; 7. 

Gliniak and Urbaniec, 2001; 8. Gliniak et al., 2005; see text for more details). 

 

Figures 8–10, for each figure we added zoom of identified carbonate buildups; also, the figure captions 

have been modified accordingly. 



 

Figure 8. (a) Uninterpreted and interpreted seismic profile (12-5-92K) from the Miechów Trough, see Figure 5 for location. 

Major NW-SE oriented Opatkowice and Kostki Małe fault zones are rooted in the Paleozoic basement and associated with 

inversion anticlines developed within the Mesozoic cover; (b) Two carbonate buildups were identified in this profile; one of 

them was partly drilled by the SLE Chopin-1 well. 



 

Figure 9. (a) Uninterpreted and interpreted seismic profile (11-5-92K) from the Miechów Trough, see Figure 5 for location. 

Major NW-SE oriented Opatkowice and Kostki Małe fault zones are rooted in the Paleozoic basement and associated with 

inversion anticlines developed within the Mesozoic cover; (b) One isolated carbonate buildup was identified in this profile. 



 

Figure 10. (a) Uninterpreted and interpreted seismic profile (10-5-92K) from the Miechów Trough, see Figure 5 for location. 

Major NW-SE oriented Opatkowice and Kostki Małe fault zones are rooted in the Paleozoic basement and associated with 

inversion anticlines developed within the Mesozoic cover; (b) Two carbonate buildups were identified in this profile. 

 

 

 

 

 

 



Figure 16, we dropped this figure entirely together with the related part of the text in the Discussion 

(lines 396–410). Also, we removed the appropriate sentence in the Introduction which concerned 

this part of our analysis (lines 68–71), as these considerations will be no longer element of this paper. 

Due to fact that the outcrop examples from Figure 16 were removed from the text, we also removed 

location of the Młynka Quarry from Figure 3.  
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Supplement file for the Editor 

List of additional changes/corrections in the manuscript, done by authors, with explanations: 

 

Text: 

Line 52, in order to provide full panorama of previous seismic studies of Upper Jurassic carbonate 

succession in S Poland we decided to expand and amend reference list include also those publications 

that have been published in local journals, only in Polish. The following citations were added to the 

reference list: Gliniak et al., 2000, 2001; Gliniak and Urbaniec, 2001; Misiarz et al., 2004; Jędrzejowska-

Tyczkowska et al., 2005. 

Line 52, we have replaced also the word “all” by “usually”. 

Line 83, in 1997, A. Feldman-Olszewska published two works, the corrected citations is as follows: 

Feldman-Olszewska, A.: Depositional systems and cyclicity in the intracratonic Early Jurassic basin in 

Poland, Geol. Q., 41(4), 475–489, 1997a. 

Feldman-Olszewska, A.: Depositional architecture of the Polish epicontinental Middle Jurassic basin, 

Geol. Q., 41(4), 491–508, 1997b. 

In the corrected version (line 83), we changed “Feldman-Olszewska, 1997” to “Feldman-Olszewska, 

1997a, 1997b”. 

Line 102, citation “Gutowski et al., 2005” was moved in order to keep chronological order of citations. 

Line 104, „deposit” was changed to „deposits” 

Lines 105 and 107, we moved the reference to Figure 4a in text from line 107 to line 105. This correction 

partly results from the modification of this entire paragraph that was done following suggestions from 

one of the Reviewers. 

References: 

Line 503, comma added 

Line 528, two papers by A. Feldman-Olszewska have been added: 

Feldman-Olszewska, A.: Depositional systems and cyclicity in the intracratonic Early Jurassic basin in 

Poland, Geol. Q., 41(4), 475–489, 1997a. 

Feldman-Olszewska, A.: Depositional architecture of the Polish epicontinental Middle Jurassic basin, 

Geol. Q., 41(4), 491–508, 1997b. 

Line 530, correction in the reference: Fontaine, J. M., Cussey, R., Lacaze J., Lanaud, R,. and 

Yapaudjian, L.: Seismic interpretation of carbonate depositional environments, AAPG Bull., 71, 

281–297, https://doi.org/10.1306/94886E7F-1704-11D7-8645000102C1865D, 1987. 

 



 
*we are referring to line numbers of the original manuscript version 
 
 

Line 736, volume and pages numbers have been updated for the reference: Philips, T., Jackson, C. A. 

L., Bell, R., and Valencia, A.: Rivers, reefs, and deltas; Geomorphological evolution of the Jurassic of 

the Farsund Basin, offshore southern Norway, Petroleum Geoscience, 26, 81–100, 

https://doi.org/10.1144/petgeo2018-056, 2019. 

 

Below are listed the additional references that have been cited in the revised version of our manuscript 

(Introduction): 

Gliniak, P., Urbaniec, A.: Oxford biohermal structures in the area Bochnia-Sędziszów in seismic 3D 

recording (in Polish, with English summary), Nafta-Gaz, 10, 545–556, 2001. 

Gliniak, P., Laskowicz, R., Urbaniec, A.: Upper Jurassic organic constructions in Bochnia – Dębica 

area – possibility of recognition on seismic section and exploration prospections of hydrocarbon 

reservoirs (in Polish, with English summary), Institute of Oil and Gas – Kraków Special Paper, 

110, 161–165, 2000. 

Gliniak, P., Laskowicz, A., Urbaniec, A., Such, P., Leśniak, G.: Reservoir rocks and facies 

development of the Upper Jurassic carbonate in Zawada – Lękawica area (in Polish, with English 

summary), Nafta-Gaz, 11, 597–606, 2001. 

Jędrzejowska-Tyczkowska, H., Misiarz, P., Golonka, J., Przejczowska, A.: Outrop information and 

seismic analogs in analysis of Jurassic buildups (Poland), in: Proceedings of the 67th EAGE 

Conference & Exhibition, Madrid, https://doi.org/10.3997/2214-4609-pdb.1.P295, 2005. 

Misiarz P., Jędrzejowska-Tyczkowska, H., Oszczypko, N., Golonka, J., Olszewska, B., 

Matyszkiewicz, J.: Oxfordian bioherms from the central part of the Carpathian foreland (Poland) - 

seismic modeling results, in: Proceedings of the AAPG Regional Conference with GSA, Prague, 

Czech Republic, pp. 94, 2004. 

 

Lines 477, 548, 561, 583, 612, 660, 664, 674, 707, 723, for references in the revised manuscript we have 

removed additional numbers for the volumes. This was done by us in order to correct and unify the 

reference style, because these additional number of volumes were unnecessarily placed by us in the 

original manuscript.  

 

Figures and figure captions: 

 

Figure 4,  

- term „sponge megafacies” was skipped in legend (right side of the figure).  

- text corrections in figure caption (British spelling will be used; “after” was deleted) 

 

Łukasz Słonka 

(on behalf of the authors) 
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Abstract. The geometry and internal architecture of the Upper Jurassic carbonate depositional system in the epicontinental 

basin of western and central Europe, and within the northern margin of the Tethyan shelf are hitherto only partly recognised, 

especially in areas with thick Cretaceous and younger cover such as the Miechów Trough. In such areas, seismic data are 

indispensable for analysis of a carbonate depositional system, in particular for identification of the carbonate buildups and the 

enveloping strata. The study area is located in the central part of the Miechów Trough that in the Late Jurassic was situated 10 

within the transition zone between the Polish part of western and central European epicontinental basin and the Tethys Ocean. 

This paper presents the results of interpretation of 2D seismic data calibrated by deep wells that document the presence of 

large Upper Jurassic carbonate buildups. The lateral extent of particular structures is in the range of 400–1000 m, and their 

heights are in range of 150–250 m. Interpretation of seismic data revealed that the depositional architecture of the subsurface 

Upper Jurassic succession in the Miechów Trough is characterised by the presence of large carbonate buildups surrounded by 15 

basinal (bedded) limestone-marly deposits. These observations are compatible with depositional characteristics of well-

recognised Upper Jurassic carbonate sediments that crop out in the adjacent Kraków-Częstochowa Upland. The presented 

study provides new information about carbonate open shelf sedimentation within the transition zone in the Late Jurassic, which 

proves the existence of much more extensive system of organic buildups which flourished in this part of the basin. Obtained 

results, due to high quality of available seismic data, provide also an excellent generic reference point for seismic studies of 20 

carbonate buildups from other basins and of different ages. 

1 Introduction  

Carbonate buildups display considerable vertical accretion to adapt to a gradual relative sea level rise (e.g. Kendall and 

Schlager, 1981; Read, 1985; Sarg, 1988; Handford and Loucks, 1993; Schlager, 2005). The term “carbonate buildup”, often 

used in seismic stratigraphic studies, refers to all “carbonate deposits that form positive bathymetric features” (Bubb and 25 

Hatlelid, 1977). Seismic data proved to be very useful for the identification of carbonate buildups, because they can clearly 

show the differences in depositional characteristics between the buildup and the enveloping strata. Carbonate beds are often 

related to relatively high reflectivity of seismic data. Lateral and vertical variations of this reflectivity (including amplitude 

and frequency characteristics, continuity of seismic horizons, etc.), and related considerable differences in seismic velocities 
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of particular rock packages are related to different lithologies within the carbonate buildups and surrounding deposits (see 30 

Fontaine et al., 1987; Macurda, 1997, for overview of seismic facies analysis of carbonate rocks). 

Seismic expression of carbonate buildups may be rather diverse (Fig. 1). Classical interpretation, established during the 

period of intense development of seismic stratigraphy in the late 1970’s, assume several recognition criteria, such as the (1) 

mound-shaped reflection configuration pattern, (2) lateral seismic facies changes between the buildups and enveloping beds, 

(3) reflections from the edges of buildups including hyperbolic diffractions, (4) onlap of overlying strata, (5) drape effects over 35 

the buildups, (6) the velocity pull-up anomalies etc. (e.g. Bubb and Hatlelid, 1977; Veeken and Van Moerkerken, 2013; 

Burgess et al., 2013). Also differential compaction (manifested by so-called compaction sag) might indicate the presence of a 

carbonate buildup on seismic data.  

Numerous papers dealing with various aspects of seismic interpretation of carbonate buildups of different ages have been 

published over the years, concerning various sedimentary basins such as for example the Great Bahama Bank (e.g. Eberli et 40 

al., 2004), Maldives (e.g. Belopolsky and Droxler, 2004), South Oman (e.g. Borgomano et al., 2004), Northern Australia (e.g. 

Isern et al., 2004; Rosleff-Soerensen et al., 2012; Saqab and Bourget, 2016; Van Tuyl et al., 2018, 2019), Black Sea region 

(e.g. Afanasenkov et al., 2007; Guo et al., 2011), offshore southern Norway (e.g. Philips et al., 2019) the Barents Sea, Norway 

(e.g. Blendinger et al., 1997; Elvebakk et al., 2002; Colpaert et al., 2007; Rafaelsen et al., 2008; Di Lucia et al., 2017; Sayago 

et al., 2018), Philippines (e.g. Grötsch and Mercadier, 1999; Neuhaus et al., 2004; Fournier et al., 2004, 2005; Fournier and 45 

Borgomano, 2007), South China Sea (e.g. Wu et al., 2009; Yubo et al., 2011; Chang et al., 2017), offshore Indonesia and 

Malaysia (e.g. Epting, 1989; Kusumastuti et al., 2002; Zampetti et al., 2003, 2004; Bachtel et al., 2004; Posamentier et al., 

2010; Koša, 2015), or Indus Basin (Shahzad et al., 2018, 2019). In contrast, relatively few seismic examples of Upper Jurassic 

carbonate buildups from classic, geologically well recognised western and central European northern Tethyan shelf and 

surrounding region have been published to date (e.g. Ellis et al., 1990; Zimmer and Wessely, 1996; Adámek, 2005; Wessely, 50 

2006; Bunes et al., 2010; Hartmann et al., 2012; Lüschen et al., 2014; Fig. 2). In Poland, also only a few papers on seismic 

interpretation of the Upper Jurassic carbonate buildups have been published so far, all usually in local journals and focused 

mostly on exploration-related problems (e.g. Gliniak et al., 2000, 2001, 2005; Gliniak and Urbaniec, 2001, 2005; Misiarz, 

2003; Gliniak and Urbaniec, 2005; Misiarz et al., 2004; Gliniak et al., 2005; Jędrzejowska-Tyczkowska et al., 2005, 2006; 

Myśliwiec et al., 2006). Recently, several new buildups have been identified and interpreted using seismic data (Urbaniec, 55 

2019). However those results represent more southern part of the basin, located beneath the Miocene of the Carpathian 

Foredeep Basin (about 50 km to the south from the study area). 

This study fills this gap and provides a well-documented example of a system of carbonate buildups developed in the south-

eastern segment of the transition zone between the European Late Jurassic epicontinental basin and the Tethys Ocean. Results 

presented in this paper could also be used as a more universal reference point for seismic studies of carbonate depositional 60 

systems, in particular of carbonate buildups and surrounding deposits, of different ages and from different sedimentary basins. 

The study area is located in the central part of the Miechów Trough, southern Poland, approximately 50 km north-east from 

Kraków, in the vicinity of the town of Pińczów (Fig. 3). In this area, the geometry and depositional architecture of the Upper 
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Jurassic carbonate succession is relatively poorly recognised in comparison to adjacent parts of the basin in Poland and central 

and western Europe. This is mostly due to the fact that the Jurassic succession is covered by relatively thick Cretaceous and 65 

younger deposits so previous studies were based almost entirely on data from deep research wells (cf. Złonkiewicz, 2006, 

2009).  

In 2011, the Upper Jurassic carbonate succession in the study area was drilled by two exploratory wells, Chopin-1 and 

Belvedere-1. These two wells, together with 3 archive wells located in this area, were used to calibrate relatively dense 

coverage of 2D seismic reflection profiles. Synthetic seismograms were used to precisely tie wells to seismic profiles, and 70 

seismo-stratigraphic approach was used to analyse depositional architecture of the Upper Jurassic carbonate system, including 

carbonate buildups and surrounding deposits. Apart from the subsurface data from the study area, the interpretation was also 

supported by field examples from the neighbouring area of the Kraków-Częstochowa Upland, where Upper Jurassic carbonate 

buildups are known from numerous outcrops (Fig. 3; e.g. Matyszkiewicz, 1989, 1993; Matyszkiewicz et al., 2012; Krajewski 

et al., 2018).  75 

2 Geological Setting 

2.1 The Permian–Mesozoic Polish Basin: an overview 

The study area is located within the central part of the Miechów Trough (Fig. 3), which forms the south-eastern part of the 

Szczecin–Łódź–Miechów Synclinorium (Żelaźniewicz et al., 2011), that was formed during the Late Cretaceous–Paleogene 

inversion of the Permian–Mesozoic Polish Basin. 80 

The Permian–Mesozoic Polish Basin formed the easternmost part of a system of epicontinental basins in western and 

central Europe (Ziegler, 1990; Scheck-Wenderoth et al., 2008; Pharaoh et al., 2010). Its most subsiding axial part – the Mid-

Polish Trough – evolved along the NW- to SE-trending Teisseyre-Tornquist–Zone (see Mazur et al., 2015 for a recent summary 

and further references). The south-eastern part of the Polish Basin extended into the transition zone towards the Tethyan 

domain, characterised by limited Permian and Triassic sedimentation. Since the Jurassic, the thickness and depositional pattern 85 

in this part of the basin was affected by tectonic processes acting within the Polish Basin, and by increased regional subsidence 

in the Tethyan domain (e.g. Kutek and Głazek, 1972; Pożaryski and Żytko, 1981; Feldman-Olszewska, 1997a, 1997b; Marek 

and Pajchlowa, 1997; Dadlez et al., 1998; Kutek, 2001; Gutowski et al., 2005; Gutowski and Koyi, 2007; Krzywiec et al., 

2009). 

The Polish Basin was inverted in the Late Cretaceous–Paleogene (e.g. Dadlez et al., 1995; Krzywiec, 2002, 2009; Resak 90 

et al., 2008; Krzywiec et al., 2009, 2018). This basin inversion was associated with major uplift and erosion of the axial part 

of the basin (i.e. the Mid-Polish Trough), which was transformed into a regional anticlinal structure – the Mid-Polish Swell 

(Mid-Polish Anticlinorium; cf. Pożaryski and Brochwicz-Lewiński, 1978, 1979; Żelaźniewicz et al., 2011). Due to inversion-

related formation of the Mid-Polish Swell, two regional synclinoria were formed along both its flanks, including the south-

western Szczecin–Łódź–Miechów Synclinorium, where the Miechów Trough is located (see e.g. Dadlez et al., 2000; Fig. 3).  95 
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2.2 Late Jurassic basin in S Poland 

The Late Jurassic basin in Poland formed the eastern part of extensive shallow epicontinental basin that extended from the 

United Kingdom, across the Netherlands and Germany, into Poland and farther into the east (Fig. 2; Ziegler, 1990; Pieńkowski 

et al., 2008; Lott et al., 2010). Throughout much of the Jurassic, the basin was connected to the Tethys Ocean from the south 

(Lott et al., 2010, see Pieńkowski et al., 2008 for detailed overview and further references). The Late Jurassic was a time of 100 

extensive development of carbonate buildups in the Tethyan domain and its margins (e.g. Leinfelder et al., 1994, 2002; 

Matyszkiewicz, 1997a; Krajewski and Schlagintweit, 2018). 

In the Late Jurassic, the south-east (peri-Carpathian) segment of the basin was part of the European shelf adjacent to the 

Tethys Ocean from the north (cf. Ziegler, 1990; Golonka, 2004; Golonka et al., 2000; Gutowski et al., 2005, 2006; Pieńkowski 

et al., 2008). The main factors that directly or indirectly controlled Late Jurassic sedimentation within the northern Tethyan 105 

shelf in southern Poland included sea-level and climate change, and diversified subsidence triggered by reactivation of older 

basement faults (e.g. Kutek, 1994; Gutowski et al., 2005; Matyszkiewicz et al., 2012, 2015a, 2016; Gutowski et al., 2005). 

The Oxfordian and lower Kimmeridgian succession within the Polish part of the northern Tethyan shelf margin is 

commonly interpreted as a carbonate ramp or an open shelf deposits (e.g. Matyja et al., 1989; Kutek, 1994; Gutowski et al., 

2005; Matyja, 2009; Krajewski et al., 2011; Fig. 4a). These The open shelf facies represent mostly deposits, sometimes termed 110 

of the sponge megafacies, are bulit of sponges and microbialites, and commonly are present along within the entire European 

part of the northern Tethyan shelf margin (Gwinner, 1971; Matyja, 1977; Matyja and Pisera, 1991; Matyja and Wierzbowski, 

1995, 1996, 2006; cf. Matyszkiewicz, 1997a; Gutowski et al., 2005, 2006; Fig. 4a).  

Widespread carbonate sedimentation took place in the Oxfordian (upper Transversarium–Bifurcatus and Planula Zones), 

when diverse reef facies developed (Fig. 4a; e.g. Matyszkiewicz et al., 2012, 2015b, 2016; Krajewski et al., 2016, 2018). 115 

Several authors claim that development of carbonate platforms in this part of Europe may have been connected to the Middle 

Oxfordian (Transversarium Zone) climate warming (Krajewski et al., 2017; see Leinfelder et al., 1996; Matyszkiewicz, 1997a; 

Olivier et al., 2011; Wierzbowski, 2015). The Upper Jurassic carbonate buildups in southern Poland display a large diversity 

of reef types, from siliceous sponge mounds to microbial-sponge buildups and coral reefs, as all of these types were commonly 

found in Europe where reefs were most widespread in the Late Jurassic (Kiessling et al., 1999; cf. Leinfelder et al., 1996; 120 

Gliniak et al., 2005; Matyszkiewicz et al., 2012; Krajewski et al., 2018). Outside of Europe reefs occurred less commonly in 

Late Jurassic, and they represented mainly coral-dominated reefs and biostromes (Kiessling et al., 1999). Common carbonate 

buildup types that can be recognized from the seismic data in Poland are bioherms (e.g. Gliniak and Urbaniec, 2001, 2005; 

Gliniak et al., 2005). Worldwide, these organic structures can be found in all latitudes between 45°S and 52°N (Kiessling et 

al., 1999); in southern Poland they often developed as large microbial-sponge biohermal complexes (e.g. Matyja and 125 

Wierzbowski, 2006). 
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The Callovian to Lower Kimmeridgian (up to Hypselocyclum Zone) deposits of the Polish Basin have been subdivided by 

Kutek (1994) into two intervals related to distinct stages of tectono-sedimentary evolution (Krajewski et al., 2017;, cf. Kutek, 

1994). The first one embraces Callovian–Oxfordian, including the Planula Zone; it is commonly limited to the Upper 130 

Oxfordian in the Sub-Mediterranean subdivisions (e.g. Krajewski et al., 2017), whereas the second interval encompass the 

Lower Kimmeridgian (Platynota–Hypselocyclum zones). Both intervals are separated by the so-called Lowermost Marly 

Horizon, included in the Lower Platynota Zone, which plays an important role of a regional isochronous marker in stratigraphic 

correlations of the Upper Jurassic in central and southern Poland (Kutek, 1968, 1994). Between those two intervals, significant 

facies changes occurred (e.g. Kutek, 1994; Matyszkiewicz, 1996; Krajewski et al., 2017). They are expressed by: (1) the 135 

disappearance of the Oxfordian organic buildups, (2) platform drowning in the Lower Platynota Zone linked with development 

of marly facies, and (3), occurrence of gravity-flow deposits (e.g. Krajewski et al., 2017).  

 

2.3 The Upper Jurassic succession in the Miechów Trough  

The Upper Jurassic succession of the Miechów Trough is almost entirely covered by Cretaceous deposits, represented by the 140 

Albian–Lower Maastrichtian (Fig. 3; e.g. Jurkowska, 2016), and, in its south-eastern part, by the Miocene deposits of the 

Carpathian foredeep basin (e.g. Pożaryski, 1977; Żytko et al., 1988; Krzywiec, 2001). From the south-west, the Miechów 

Trough borders with the Kraków-Częstochowa Upland, and from the north-east, within the Holy Cross segment of the Mid-

Polish Anticlinorium (Fig. 3; cf. Pożaryski, 1974; Żelaźniewicz et al., 2011). 

The Upper Jurassic carbonate deposits outcropping along the flanks of the Miechów Trough, have been extensively studied 145 

for many decades (e.g. Dżułyński, 1952; Kutek, 1968, 1969; Matyja, 1977; Matyja and Tarkowski, 1981; Trammer, 1982, 

1985, 1989; Matyszkiewicz, 1989, 1993, 1996, 1997b, 1999, 2001; Matyszkiewicz and Felisiak, 1992; Matyja and 

Wierzbowski, 1996, 2006; Matyja et al., 1989, 2006; Matyszkiewicz et al., 2006, 2012, 2015a, 2016; Krajewski et al., 2011,  

2016, 2017, 2018). Numerous studies dealing with detailed aspects of the Upper Jurassic stratigraphy and sedimentology have 

been carried out also in the more south-eastern part of the Miechów Trough, including its extension towards the Carpathian 150 

foredeep, south from the Wisła river (cf. Fig. 3; Morycowa and Moryc, 1976, 2011; Golonka, 1978; Gliniak et al., 2004; 

Gutowski et al., 2005, 2007; Matyja and Barski, 2007; Matyja, 2009; Olszewska et al., 2012).  

The Upper Jurassic succession in the Miechów Trough is represented by various carbonate ramp-type platform facies (e.g. 

Kutek 1968, 1969; Matyja et al., 1989, 2006; Gutowski et al., 2005, 2006; Matyja, 2009; Złonkiewicz, 2009; Krajewski et al., 

2017; Fig. 4a). According to Złonkiewicz (2009), the Callovian and Upper Jurassic deposits in the Miechów Trough genetically 155 

resemble those from the south-western margin of the Holy Cross Mts. (cf. Matyja et al., 1989), which prompted him to adopt 

almost the same lithostratigraphic correlation scheme (Złonkiewicz, 2009).  

During the Late Jurassic, the study area was located on the northern, passive margin of the Tethys Ocean (e.g. Matyja and 

Wierzbowski, 1995; Golonka, 2004; Matyja, 2009). Sequence stratigraphic scheme for this part of the basin, together with 

regional correlation of main depositional systems, was proposed by Gutowski et al. (2005). This scheme can be generally 160 
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correlated with the main Oxfordian–Kimmeridgian lithological units in the study area (Złonkiewicz, 2009; Fig. 4a and b). 

These key Upper Jurassic units include the Morawica Limestone Member, Siedlce Limestone Member and Massive Limestone 

Member (Matyja et al., 1989; Złonkiewicz, 2009; Krajewski et al., 2017; Fig. 4b). Above those carbonate members, deeper-

water marly facies are present (Kutek, 1968). They are covered by deposits of the Lower Early Kimmeridgian shallow-water 

carbonate platform, represented by various oolitic-platy facies (Fig. 4b; see Złonkiewicz, 2009 for more details). 165 

For the south-easternmost part of the Miechów Trough, located beneath the Miocene cover of the Carpathian Foredeep 

basin, detailed subdivision of the Upper Jurassic deposits has been recently proposed using biostratigraphic data (Matyja and 

Barski, 2007; Barski and Matyja, 2008; Matyja, 2009). According to this stratigraphic scheme, a complete Oxfordian–

Valanginian succession is present in the most south-eastern part of the basin, with significantly lower than previously assumed 

thickness of the Oxfordian–Kimmeridgian deposits, and much more extensive, in comparison to other areas of Poland, 170 

stratigraphic range of the sponge megafacies, reaching up to the lower Tithonian (Matyja, 2009). Further micropaleonotlogical 

investigations allowed for stratigraphical reassessment of the Upper Jurassic strata beneath the central part of the Carpathian 

Foredeep basin, as well as for the regional correlations towards the south-western Ukraine (Olszewska et al. 2012). These 

findings could possibly also be applied in the future to stratigraphy of the Upper Jurassic succession of the area described in 

this paper, although this would require extensive studies based on core material that is not currently available. 175 

3 Data and methods  

3.1 Well data  

Well calibration for seismic data in this study was provided by the Chopin-1, Belvedere-1, Michałów-3, Węchadłów-1 and 

Lipówka-1 wells (Fig. 5). Two of these wells, Chopin-1 and Belvedere-1, have been drilled in 2011 by the San Leon Energy 

company (SLE); the other 3 wells were drilled in mid-1960’s. Therefore, the suitability of well data for detailed seismic 180 

analysis was rather diverse. Both the SLE wells have a wide spectrum of modern well log data, including gamma-ray, 

resistivity, neutron porosity, sonic velocity and density logs, as well as mud-logging; they however haven’t been cored and 

lithological descriptions are based on cuttings. The data used from three legacy wells included gamma-ray, resistivity and 

sonic logs. All the logs were available as standard LAS files and were loaded into the databased used in this study. 

Stratigraphic information for the Upper Jurassic succession substantially differs between older wells (Michałów-3, 185 

Węchadłów-1, Lipówka-1) and two newer SLE wells (Chopin-1, Belvedere-1). In the legacy wells, the Upper Jurassic interval 

was subdivided into Oxfordian, Rauracian and Astartian (Mikucka-Reguła, 1968; Urban and Wandas, 1968; see also Kutek, 

1965). Since late 1960’s– early 1970’s, Rauracian and Astartian have been incorporated into the upper Oxfordian (e.g. 

Morycowa and Moryc, 1976). On the other hand, the Upper Jurassic interval in the SLE wells Chopin-1 and Belvedere-1 was 

subdivided into Oxfordian and Kimmeridgian - this subdivision, however, was based exclusively on lithological criteria 190 

derived from well cuttings and well logs interpretation, without any biostratigraphical support (Dudek and Wójcik, 2011; 
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Dudek et al., 2011; Lach, 2011a, 2011b; Szwed and Wójcik, 2011a, 2011b). As a result, formation tops from new and legacy 

wells are not stratigraphic equivalents. 

Because of those ambiguities exact stratigraphic position of the Upper Jurassic carbonate buildups analysed in this paper 

remains unclear. Results of recent biostratigraphic studies from the nearby area indicate that the age of similar carbonate 195 

buildups ranges from Oxfordian up to Kimmeridgian, and sometimes even up to lower Tithonian (Matyja and Barski, 2007; 

Matyja, 2009), and it might be assumed that a similar stratigraphic changes might be needed in the Pińczów area described in 

this paper. It should be stressed however that the precise stratigraphic position of the studied Upper Jurassic carbonate 

succession does not have any impact on interpretation of the seismic data presented in this paper; revised stratigraphic schemes 

might in the future allocate seismically identified carbonate buildups into slightly different Upper Jurassic stratigraphic units. 200 

3.2 Seismic data  

Two types of seismic data were used in this study: (a) longer legacy profiles, acquired in the early 1990’s, located in the central 

part of the Miechów Trough, (b) short new profiles acquired by SLE in 2011 (Fig. 5). Seismic data was stacked and time 

migrated, although some seismic artefacts such as diffraction “smiles” are still visible. Beneath the massive carbonates, a 

velocity pull-up effect could be observed that is distorting the geometry of the pre-Jurassic basement. 205 

Seismic vertical resolution for the Upper Jurassic interval is 10–20 m for the SLE profiles, and 20–30 m for the older legacy 

lines. 

3.3 Methodology of well and seismic data integration and interpretation  

Precise well-to-seismic tie was based on synthetic seismograms calculated using sonic and density logs for key calibration 

wells Chopin-1, Belvedere-1 and Michałów-3. Well-to-seismic tie using synthetic seismograms was also carried out for 210 

supporting wells (Węchadłów-1, Lipówka-1); however, due to lower quality of the sonic logs, the accuracy of this correlation 

was significantly lower. Synthetic seismograms allowed correlation of depth well log data (stratigraphy, lithology) with time 

(TWT) seismic data. 

The first phase of seismic data interpretation was carried out for all the seismic profiles. It included identification of main 

stratigraphic horizons (top Paleozoic, top Triassic, top Middle Jurassic, top Upper Jurassic, top Cenomanian), and the main 215 

faults. 

The second phase of seismic data interpretation was focused on the Upper Jurassic interval, details of its depositional 

architecture, and local fault pattern, and included interpretation of all key seismic horizons within the Upper Jurassic 

succession, analysis of reflection patterns, and recognition of seismic facies related to organic buildups and the surrounding 

deposits. The seismo-stratigraphic interpretation was carried out for the short SLE lines, and partly for the legacy lines, in the 220 

close vicinity of the buildup complexes.  
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4 Results  

4.1 Well to seismic tie  

Synthetic seismograms were calculated using statistical wavelets, with a dominant frequency of 30-35 Hz; wavelet length 

varied between 120-150 ms (Figs 6 and 7). The two deepest wells (Lipówka-1, Węchadłów-1) that provided information on 225 

the top of the Paleozoic basement, top Triassic and top Middle Jurassic were calibrated by the Michałów-3, Lipówka-1 and 

Węchadłów-1 wells. Other stratigraphic boundaries – top of Upper Jurassic (J3), and top of Cenomanian (Kcn) – were tied to 

seismic data using data from all five wells used in this study.  

4.2 1D seismic stratigraphic analysis  

For the Chopin-1 and Belverede-1 wells, a detailed 1D seismic stratigraphic analysis was carried out in order to distinguish 230 

the main seismo-stratigraphic units within the Upper Jurassic interval, and to define relationship between the seismic data and 

lithology and facies of the Upper Jurassic succession. The seismic stratigraphic 1D analysis was conducted using synthetic 

seismograms calculated for wells Chopin-1 (Fig. 6) and Belvedere-1 (Fig. 7). The precise time-depth model derived from the 

synthetic seismograms allowed for a detailed correlation of formation tops, well-log data and lithological profile with seismic 

data. The analysed well log data included gamma-ray, sonic, density and impedance curves. Lithological profiles for both 235 

wells were constructed using well-log data and information from core cuttings (Dudek and Wójcik, 2011; Dudek et al., 2011; 

Lach, 2011a, 2011b; Szwed and Wójcik, 2011a, 2011b).  

As a result, the top of the massive limestones, associated with the carbonate buildups, was defined on seismic data. Also, 

a correlation of well data with the main depositional systems within the study area following Gutowski et al. (2005) was 

completed. 240 

Results of 1D seismic-stratigraphic analysis for the Chopin-1 well are shown in Figure 6. Formation tops for the Chopin-1 

well included the top of the Cenomanian (Kcn), drilled at 587 m, and top of the Upper Jurassic (J3) drilled at 775 m. Top of 

the Upper Jurassic is an erosional surface above which the Upper Cretaceous (Cenomanian and younger) rocks were deposited.  

Lithological profile for the well Chopin-1 shows that the topmost part (775–843 m) of the Upper Jurassic succession is 

rather diverse, comprising limestones, marly limestones, marls and claystones (Fig. 6). This lithological diversity is reflected 245 

in variable seismic image - Upper Jurassic top is related to high-amplitude positive seismic horizon generated due to a 

pronounced lithological contrast between the Cenomanian sandstones and the Upper Jurassic limestones. Beneath the 

Cenomanian, the Chopin-1 well encountered about 41 m of the Upper Jurassic limestones, mostly white to light grey and 

medium to hard. This interval could be interpreted as a mainly oolitic and platy limestone dominated succession, well known 

from the Miechów Trough (cf. Złonkiewicz, 2009). Below, a succession of calcareous claystone, marl and marly limestones 250 

of a total thickness of about 27 m is present. Claystones, marls and marly limestones are expressed by high readings on the 

gamma-ray log due to the increased content of clay minerals, so this interval (the marly zone in Fig. 6) can at least partly be 

correlated with the marly facies, including the Lowermost Marly Horizon, of Kutek (1968, 1994). Two lithological intervals 
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described above are characterised by generally high amplitudes of the seismic wavefield (Fig. 6), due to a strong vertical 

velocity contrasts between the uppermost limestone package and the marly zone below and frequent alterations of marls and 255 

marly limestones. Within the topmost part of the Upper Jurassic succession, the seismo-stratigraphic unit termed J3U was 

distinguished (Fig. 6). It is characterised by high amplitude seismic horizons. It corresponds mainly to the oolitic-platy 

limestone succession (Fig. 6). Within this unit, four seismic horizons have been interpreted: 1J3U, 2J3U, 3J3U, 4J3U. The 

horizon 1J3U corresponds to the very high amplitude negative reflection that is possibly interfered with the above-lying Upper 

Jurassic top horizon. Its amplitude might be also increased by vertical lithological changes (marl-limestone alternations?) 260 

within the oolitic limestone interval, which is marked by a single peak on the gamma-ray log. The 2J3U horizon represents a 

very high amplitude positive reflection which can be associated with a significant increase of seismic velocities (from about 

4500 to 5500 m/s), related to those lithological diversity of the oolitic-platy succession. The 3J3U horizon exhibits high 

amplitude negative reflection which corresponds to a sharp lithological contrast between the oolitic limestones and the marl-

claystone formation associated with the upper part of the marly zone. The 4J3U horizon is expressed by a strong positive 265 

reflection related to vertical lithological variations within the lower part of the marly zone (from marls to marly limestones). 

The interval located between the 3J3U and 4J3U horizons is characterised by high values on the gamma-ray log, which indicate 

a marly zone. However, because of seismic tuning effects, probably caused by frequent marl-limestone alternations, a more 

precise identification of the marly zone is difficult. 

Below the marly zone, a thick (approximately 150 m) succession of hard limestones was drilled (Fig. 6). This succession 270 

is related to the massive limestones that commonly form carbonate buildups (see e.g. Matyszkiewicz, 1993; Matyja and 

Wierzbowski, 2006). The top of the buildup (tcb) on the synthetic seismogram and seismic data is related to relatively low-

amplitude positive reflector, probably due to destructive interference from shallower enveloping boundaries (J3U unit). The 

massive limestone succession is seismically rather homogeneous (Fig. 6).  

In Belvedere-1, the entire Upper Jurassic section located below the top of the carbonate buildup (tcb) is more heterogeneous 275 

than in the Chopin-1 well (Fig. 7). The top of the carbonate buildup was located at the top of the massive limestone succession. 

According to the drilling report (Dudek and Wójcik, 2011; Lach, 2011b), the massive limestone succession could be subdivided 

into two parts by a package of moderately hard platy-like limestones encountered at about 915–935 m. Similarly to the Chopin-

1 well, above the carbonate buildup complex the marly zone is present in the Belvedere-1 well, comprising mainly marls and 

marly limestones about 25–35 meters metres thick. The marly zone is lithologically diversified which is clearly illustrated by 280 

the gamma-ray log as well as the sonic log (Fig. 7). Above the marly zone, a section comprises diverse oolitic-platy limestone 

deposits (about 50 m thick), which belongs to the uppermost part of the Upper Jurassic, and this interval is associated with the 

interpreted seismo-stratigraphic J3U unit (Fig. 7). Seismic horizons for both the marly zone and the J3U interval are influenced 

by intensive intra-bedded signal interferences. This is possibly related to the presence of marl-limestone alternations. 
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4.3 Interpretation of seismic data 285 

All the key seismic horizons (top Paleozoic, top Triassic, top Middle Jurassic, top Jurassic, top Cenomanian) have been 

interpreted on legacy and new (SLE) seismic profiles. However, due to lower seismic resolution of the legacy data, intra-Upper 

Jurassic seismic horizons associated with the J3U unit have been interpreted only using new SLE profiles.  

The present-day structure of the study area is dominated by reverse faulting along the fault zones deeply rooted in the 

Paleozoic and older basement (Figs 8–10). Some of these faults might have been active in the Late Jurassic, but clearly their 290 

main phase of activity was associated with the Late Cretaceous–Paleogene regional inversion of the Polish Basin (cf. Scheck-

Wenderoth et al., 2008; Krzywiec et al., 2009).  

Pre-Mesozoic (Precambrian to Carboniferous) rock complexes belong to the Małopolska Block (Żelaźniewicz et al., 2011). 

It is covered by the Triassic and Middle Jurassic deposits formed within the marginal part of the Polish Basin. The Upper 

Jurassic succession exhibits considerable lateral thickness changes caused by variable Late Jurassic local subsidence patterns 295 

(cf. Złonkiewicz, 2006), and later erosion. It gradually thickens towards the north-east, i.e. towards the Holy Cross Mts., where 

the axial, most subsiding part of the Polish Basin, the Mid-Polish Trough, was located (Figs 8–10). The Jurassic–Cretaceous 

boundary is related to a subtle angular unconformity or disconformity that truncates the Upper Jurassic strata. The Lower 

Cretaceous is not present in the study area. The fault-related folding related to inversion of this segment of the Polish Basin 

could be observed for the entire Upper Cretaceous (Cenomanian–Maastrichtian) succession and indicates latest Cretaceous–300 

Paleogene age of inversion. 

The Upper Jurassic isolated carbonate buildups have been originally identified using legacy seismic profiles. Carbonate 

buildup drilled by the Chopin-1 well is characterised by the most significant positive relief (Fig. 8). Another organic buildup 

is located approximately 2 km towards the north-east (Fig. 8). Both these buildups are characterised by a mound-shaped 

reflection pattern, a drape effect above the structure, and characteristic “depositional wings” associated with the buildup’s 305 

edges. Another profile illustrates relatively smaller but a strongly mound-shaped carbonate buildup (Fig. 9). A significant 

drape effect reaching up to the Cenomanian deposits could be observed above this buildup. Depositional wings are also clearly 

visible. Identification of the base of this structure is ambiguous. Other examples of the Upper Jurassic carbonate buildups 

identified on legacy data are shown in Fig. 10. One of those relatively small buildups is located in close vicinity to the 

Michałów-3 well. 310 

Lateral seismic facies changes within the Upper Jurassic succession are clearly visible on all analysed seismic profiles. 

Mound-shaped seismic facies that represent carbonate buildups laterally pass into the parallel and continuous seismic 

reflections related to bedded carbonate deposits. 

Much more detailed information on Upper Jurassic carbonate buildups was provided by new SLE seismic data (Figs 11–

15). Figure 11 shows results of the detailed interpretation of one of these seismic profiles that was acquired directly above the 315 

large Upper Jurassic carbonate buildup that was drilled by the Chopin-1 well. The carbonate buildup is characterised by 

chaotic, low-amplitude seismic reflections. Estimated lateral extent of this buildup is up to 1 km. The thickness of the J3U 
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interval is different on both sides of the buildup – it increases from its east side, where several onlapping horizons are visible. 

This might be related to local syn-depositional faulting within deeper substratum. The base of this buildup is not clearly imaged 

due to (1) strong wavelet interference, (2) reflections from the buildup’s edges, (3) limited seismic resolution.  320 

Several small-scale faults have been interpreted on this seismic profile. Deeper faults that dissect Paleozoic–Triassic–

Middle Jurassic interval might be partly related to older phases of tectonic evolution of the area. However, it should be stressed 

that time seismic data might also suffer from local velocity effects such as velocity pull-up beneath the massive – i.e. 

seismically fast – carbonates. Therefore, the interpreted geometry beneath the carbonate buildups should be treated with certain 

caution and not regarded as an exact representation of the sub-Upper Jurassic structure. 325 

Upper Jurassic carbonate buildup drilled by the Belvedere-1 well is shown in Fig. 12. This structure does not exhibit such 

strong positive relief as the buildup shown in Fig. 11, and its outline is less visible. This carbonate buildup consists of two 

massive limestone successions, separated by platy-like limestone strata (Fig. 7), and this might be one of the reasons for less 

clear seismic imaging. The western edge of this carbonate buildup is dissected by a normal fault, across which a slight thickness 

increase of the J3U unit is observed, suggesting syn-depositional activity. 330 

The highest amplitudes and the most continuous seismic horizons are observed for the J3U unit (Figs 11 and 12). This 

might be related to a sharp lithological contrasts within this interval caused by the occurrence of limestones interbedded by 

marls and marly limestones of the marly zone (cf. Figs 6 and 7). Sub-horizontal seismic horizons, associated with bedded 

carbonates surrounding the carbonate buildups, are also clearly visible (Figs 11 and 12). 

Finally, important differential compaction and related compaction sag effect could be observed above all the identified 335 

carbonate buildups. Carbonate buildups, generally represented by rigid, massive limestones, are rather more resistant to 

compaction, while the surrounding bedded carbonate facies are much more prone to compaction. This effect can be very clearly 

seen on the seismic profile shown in Fig. 13. It is expressed by: (1) the drape effect above the buildup - an evidence of lower 

compaction (typical for resistant carbonate buildup deposits), and (2) compaction sag as evidence of higher compaction, typical 

for bedded carbonates surrounding the buildups. This seismic pattern could be observed for the Upper Jurassic succession and, 340 

although to a lesser degree, also within the lowermost part of the Upper Cretaceous succession. Differential compaction may 

have also led to formation of some of the normal faults along the borders of the carbonate buildups (Figs 11 and 13).  

The velocity pull-up effect observed beneath the carbonate buildups (cf. Fig. 13) results from lateral seismic velocity 

contracts between the massive and stratified (bedded) carbonates. The interval velocity of the massive limestones, drilled by 

modern Chopin-1 and Belvedere-1 wells, is about 5000–5000 m/s and is significantly higher in comparison to seismic velocity 345 

obtained from the Michałów-3 or Lipówka-1 legacy wells for the corresponding stratified deposits that are in order of ca. 3800-

5000 m/s. However, it should be taken into account that velocity information from these old wells should be treated only 

tentatively, due to their uncertainty resulting from the lower quality of older well-logging data. Expected lateral seismic 

velocity variations between the massive and bedded carbonates often exceed 10% and might be responsible for producing 

some velocity pull-ups beneath the seismically faster carbonate buildups. Then, it is probable that at least for some of the 350 

morphological heights situated beneath the carbonate buildups in the analysed time seismic data, velocity pull-ups might have 
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distorted their true geometries. The similar role of high-velocity reefal intervals in production of velocity pull-up effects 

beneath the carbonate buildups was described for time seismic data characterising the large Miocene buildups in Luconia, 

Malaysia (e.g. Zampetti et al., 2004; Rankey et al. 2019) or numerous isolated buildups from the north-west shelf of Australia 

(Saquab and Bourget, 2016).   355 

 

The lateral extent of the carbonate buildups identified using seismic data from the central part of the Miechów Trough is 

in the range of 400–1000 m, the present day total height of most structures is around 150–200 m. Yet, present day observed 

cumulative height of the two largest complexes, drilled by the Chopin-1 and Belvedere-1 wells, probably exceeds 250 m. 

However, identification of the base of the buildups was ambiguous due to rather poor seismic imaging of the lowermost part 360 

of the large buildup complexes (Figs 11 and 12). Both structures are hundreds of meters metres long (even up to 1 km, Figs 

11–13). 

5 Discussion  

5.1 Carbonate buildups on seismic data – regional context   

Results presented in this paper illustrate how and to what extent seismic data can be used for analysis of carbonate depositional 365 

systems, in particular for identification of the carbonate buildups and the enveloping strata. In this study, several large Upper 

Jurassic carbonate buildups in the Miechów Trough (southern Poland) have been seismically identified and characterised. 

Possible occurrences of carbonate buildups in the study area has been already tentatively proposed by several authors (cf. 

Gutowski et al., 2005; Matyja, 2009; Złonkiewicz, 2009). However, so far no direct evidence of their presence in this part of 

the basin has been presented. In southern Poland, where the Upper Jurassic strata is covered by thick Cretaceous and younger 370 

deposits, such as in the Miechów Trough, previous studies of these deposits were carried out using information from older 

research wells only (cf. Złonkiewicz, 2006, 2009). Availability of deep wells in this part of the basin, including the study area, 

is however, insufficient for detailed analysis of the geometry and architecture of the carbonate depositional system, in particular 

for identification of the carbonate buildups. In comparison to adjacent areas in Poland and central and western Europe, where 

the Upper Jurassic is well-known from outcrops (cf. Leinfelder et al., 1996; Matyszkiewicz, 1997a), a carbonate succession in 375 

the Miechów Trough remained until recently much less recognised. Seismic data described in this paper allowed for 

identification of large carbonate buildups and surrounding enveloping strata, and therefore provided new crucial information 

on the Late Jurassic depositional system in this part of the basin. Results of this study could also be used as a more universal 

reference point for seismic studies of carbonate depositional systems of different ages from different sedimentary basins. 

The seismically interpreted carbonate buildups from the study area formed part of the vast Late Jurassic carbonate 380 

depositional system that developed along the northern, passive shelf of the Tethys, forming in Europe a belt extending from 

Portugal through Spain, France, southern Germany, Poland to Ukraine and Romania (Leinfelder et al., 1996). Quality of the 

presented seismic examples is quite unique in comparison to other few papers dealing with seismic interpretation of Upper 
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Jurassic carbonate buildups in central and western Europe. In comparison to the Upper Jurassic carbonate buildups seismically 

recognised from Southern Germany (cf. Hartmann et al., 2012; Lüschen et al., 2014; see Fig. 2) buildups described in this 385 

paper are much better imaged on seismic data. The present day observed cumulative heights of carbonate buildups from the 

Miechów Trough are distinctly larger than in the seismically described reefs from the Bavarian Molasse Basin, for which a 

total thickness of the reef succession does not exceed 180 m (Hartmann et al., 2012). This confirms that carbonate 

sedimentation in the Polish part of the northern Tethyan shelf was more intense than in southern Germany (cf. Matyja and 

Wierzbowski, 1996). Observed vertical size of the carbonate buildups described in this study is similar to the Upper Jurassic 390 

reefs recognised on seismic data from the Western Caucasus and Black Sea region (Afanasenkov et al., 2007; Guo et al., 2011). 

This suggests that in both areas local depositional environment (including palaeo-bathymetry and subsidence) was at least 

generally similar.  

The Upper Jurassic carbonate buildups have been also recognized using seismic data in Poland, 40–60 km south from the 

study area within the southern segment of the Miechów Trough that is covered by Miocene sediments of the Carpathian 395 

Foredeep Basin (Misiarz, 2003; Gliniak and Urbaniec, 2005; Gliniak et al., 2005; Jędrzejowska-Tyczkowska et al., 2006). 

Vertical and lateral size of those structures is generally comparable to size of carbonate buildups described in this paper. This 

suggests that growth of all these structures took place in a relatively unified depositional environment that characterized this 

part of the basin. Recently, Urbaniec (2019) provided seismic examples of Upper Jurassic carbonate buildups of similar size 

that are located about 50 km south-east from the study area. Those buildups are characterised by complex geometries and 400 

probably consist of several levels of the massive limestones. 

Presented results of seismic interpretation of carbonate buildups have also more universal implicationapplication. They can 

be used as a reference point for analysis of carbonate buildups and elements of depositional system using seismic data from 

other sedimentary basins. The quality of the seismic image is comparable to some case studies of this type from different 

various areas in the world (cf. Elvebakk et al., 2002; Zampetti et al., 2004).  405 

5.2 Geometry and depositional architecture of the Upper Jurassic basin   

Depositional architecture of the Upper Jurassic carbonate succession in the study area recognised on seismic data (Figs 11–

156) resembles a classic carbonate system well-known from outcrops located within the adjacent Kraków-Częstochowa 

Upland (Figs 3 and 4A). It is characterised by presence of carbonate buildup complexes surrounded by diverse bedded 

carbonate facies (Dżułyński, 1952; Matyja and Wierzbowski, 1996, 2006; Matyszkiewicz et al., 2012; Krajewski et al., 2018). 410 

The Upper Jurassic succession in the Kraków-Częstochowa Upland (Fig. 3 and Fig. 4a) is characterised by strong local vertical 

and lateral thickness, and facies variability. This is mainly related to differentiated relief at the top of Paleozoic substratum 

associated with local differentiation in subsidence caused by the occurrence of Permian intrusions, syn-sedimentary tectonics, 

and local, mostly aggradational growth of organic buildups, as well as differential compaction of carbonate sediments 

(Matyszkiewicz, 1999; Matyszkiewicz et al., 2006, 2012, 2016; Kochman & Matyszkiewicz, 2013; Matyszkiewicz and 415 

Kochman, 2016). The Upper Jurassic succession in the Kraków-Częstochowa Upland consists of: (1) bedded facies, (2) 
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massive facies, and (3) deposits of gravity flows (Matyszkiewicz et al., 2012). Massive and bedded limestone facies belong to 

the sponge megafacies deposits (Matyja and Wierzbowski, 2006). This succession, characterised by the abundant presence of 

siliceous sponges and microbial structures, is common within the northern Tethyan shelf margin of central and western Europe 

in the Late Jurassic (e.g. Matyja and Pisera, 1991; Matyja and Wierzbowski, 1995, 2006; Wierzbowski et al., 2016; see Fig. 420 

2). In the Kraków-Częstochowa Upland, massive limestones constitute large carbonate buildup complexes that are surrounded 

by bedded limestones and marls that were formed within intra-buildup sub-basins, or much wider (up to several km long) inter-

buildup basins (cf. Matyja and Wierzbowski, 1996). Massive facies (carbonate buildups) passes laterally into bedded facies 

(Gutowski et al., 2005, 2006; Matyja and Wierzbowski, 2006, see Fig. 4a). Similar elements of depositional architecture can 

be observed on seismic data from the study area (Figs 14–15). Mound-shaped seismic facies that represent carbonate buildups 425 

laterally pass into the parallel and continuous seismic reflections related to bedded carbonate deposits represents intra-buildup 

sub-basins (Figs 14–15). Present day cumulative heights (150–250 m) and lateral extents (400–1000 m) of the structures 

identified on seismic data from the Miechów Trough are generally comparable with large carbonate buildup complexes known 

from the Kraków-Częstochowa Upland (cf. Matyja and Wierzbowski, 1996, 2006; Matyszkiewicz et al., 2006, 2012, 2015b). 

In order to better understand seismic images of carbonate buildups from the Miechów Trough, comparison was made to 430 

well-exposed buildups from the Młynka Quarry, located in the southern part of the Kraków-Częstochowa Upland, 

approximately 20 km north-west from Kraków (Fig. 3; e.g. Matyszkiewicz, 1993, 1997b). The size of the Upper Jurassic 

carbonate buildups observed in the Młynka Quarry (with observed heights about 15–20 m), is smaller than seismic-scale 

structures from the study area but general depositional features are comparable with those observed on seismic data. 

Relationships between the massive facies, representing carbonate buildup deposits, and the bedded facies forming intra-buildup 435 

sub-basin observed on the field example (Fig. 16a and c), are also visible on seismic profiles shown in Fig. 16b and d. However, 

it should be stressed that to some degree field interpretations presented in Fig. 16a and c might be, due to vegetation and slope 

processes hindering visibility of outcrop, ambiguous and should be regarded as tentative; this includes (1) border between the 

massive and basinal facies, and (2) the exact lateral and vertical extent of the intra-buildup sub-basin as well as the intra-

basinal stratification. Tentative elements of outcrop interpretation were shown using dotted lines in Fig. 16a and c. In the 440 

outcrop, onlapping bedded facies are visible that partly overlie top of the massive facies (Fig. 16a). They can also be observed 

on seismic data (Fig. 16b). Upper Jurassic depositional architecture from the Kraków-Częstochowa Upland, expressed by the 

presence of carbonate buildups separated by intra-buildup sub-basins, can be clearly observed in outcrop example from Fig. 

16c; its seismic-scale equivalent from the study area is shown in Fig. 16d. Comparison of field and seismicPresented examples 

strongly suggest that (1) similar basin geometries (e.g. carbonate buildups, intra-buildup sub-basins), and (2) main facies 445 

relationship (i.e. massive facies versus bedded facies) for the Upper Jurassic succession could be reliably distinguished on 

seismic data from the study area. Seismic image of bedded facies revealed significant vertical lithological variations which are 

expressed by high-amplitude continuous seismic reflections (see Figs 14–1516). This might be related to strong vertical 

lithological variability known from equivalent deposits in the Kraków-Częstochowa Upland, where the bedded facies 

commonly include several meter thick marls and marl-limestone alternations (e.g. Matyja and Wierzbowski, 2006; 450 
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Matyszkiewicz, 2008). Such distinct lithological contrasts (bedded limestones alternated by marls), are probably responsible 

for producing these characteristic strong, sub-horizontal seismic horizons (Fig. 16b and d, compare with Figs 14–15).  

The results of the seismic interpretation could be correlated with the main Upper Jurassic lithofacies scheme proposed by 

Złonkiewicz (2009) for the entire Miechów Trough (see Fig. 4b). The uppermost part of the Upper Jurassic interval which 

corresponds to the J3U seismic-stratigraphic unit, characterised by high-amplitude flat seismic horizons (Figs 6–7 and Figs 455 

14–15) can be related to the shallow-water carbonate platform, represented predominantly by oolitic platy deposits, comprising 

mainly limestones, marly limestones and marls (Złonkiewicz, 2009; cf. Kutek, 1968; Matyja et al., 1989, 2006; Gutowski et 

al., 2005, 2006; Krajewski et al., 2017, see Fig. 4b). Massive limestones, which represent carbonate buildups, might be related 

to the Massive Limestone Member, and, the bedded facies could refer to the heterogeneous Siedlce Limestone Member 

(Matyja, 1977; Złonkiewicz, 2009, see Figs 4B and 14). The lower part of the Upper Jurassic interval may also be partly 460 

associated with the Morawica Limestone Member and with lowermost marly-dominated strata (Złonkiewicz, 2009; see Fig. 

4b).  

Above the top of large carbonate buildups (Figs 11–12), the higher gamma-ray log values clearly indicate the presence of 

marly and marly limestones deposits those are related to the marly zone interpreted from the 1D seismic stratigraphic analysis 

(see Figs 6–7). This interval might be associated with the disappearance of the organic buildups, and a change in sedimentary 465 

conditions related to drowning of the carbonate ramp, which is evident from deposition of deeper-water marly facies (cf. 

Krajewski et al., 2017; see also Kutek, 1968, 1994). 

6 Conclusions  

This paper provides new important information on the Late Jurassic sedimentation in the Miechów Trough that was located 

within the transition zone between epicontinental basin of western and central Europe and the Tethys Ocean. This area has 470 

been hitherto less recognised in comparison to adjacent areas in Poland and central and western Europe, where the Upper 

Jurassic deposits are well-known from outcrops. The results of seismic data interpretation from the study area proved the 

presence of the large carbonate buildups in this part of the Upper Jurassic basin in Southern Poland. The identified carbonate 

buildups exhibit significant positive relief; lateral extent of particular complexes is in range of 400–1000 m, and observed 

cumulative height of the most structures is in range of 150–250 m. This study revealed the distinctive depositional architecture 475 

of the carbonate Upper Jurassic succession. The mound-shaped seismic facies that represent large carbonate buildups laterally 

pass into the parallel and continuous seismic reflections related to the well-bedded basinal deposits (limestones and marls) that 

were formed within the intra-buildup sub-basins or wider inter-buildup basins. The geometry and architecture of the Upper 

Jurassic basin in the Miechów Trough resemble the well-recognised open shelf carbonate depositional system from the adjacent 

Kraków-Częstochowa Upland. Seismic unit J3U that overlies the open shelf deposits, represent younger, shallow-water 480 

carbonate platform succession. Between the J3U unit and the top of carbonate buildups, the distinctive marly zone has been 

interpreted from the 1D seismic-stratigraphic analysis and the gamma-ray logs. This interval is represented by deeper-water 
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facies that might be related to the carbonate platform drowning and demise of the organic buildups. The results shown in this 

paper fill the gap in recognition of the Late Jurassic palaeogeography of southern Poland and provide well-documented 

example of a system of carbonate buildups developed in the south-eastern segment of the transition zone between the European 485 

Late Jurassic epicontinental basin and the Tethys Ocean. 
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Figure 1. Common types of seismic expression of carbonate buildups used for their seismic identification and characteristics (based on Bubb 

& Hatlelid, 1977; Veeken & Moerkerken, 2013; modified): (a) velocity pull-up and differential compaction, (b) reflection free with drape 920 
effect, (c) reflection free with diffractions on edge, (d) compaction sag and transgressive onlap.  
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Figure 2. Simplified paleogeographic sketch map of central and western Europe for the middle–late Oxfordian (after Wierzbowski et al., 

2016); red points show location of the previously published seismic interpretation studies/papers dealing with the Upper Jurassic carbonate 

buildups from the northern Tethyan shelf margin and adjacent areas (see text for more details).1. Ellis et al., 1990; 2. Bunes et al., 2010; 3. 925 
Hartmann et al., 2012; 4. Lüschen et al., 2014; 5. Zimmer and Wessely, 1996; 6. Adámek, 2005; 7. Gliniak and Urbaniec, 2001; 8. Gliniak 

et al., 2005; see text for more details). 
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Figure 3. Geological map of the Miechów Trough and the adjacent areas (after Dadlez et al., 2000; Żytko et al., 1988; simplified); the inset 

map shows location of this unit in Poland (yellow rectangle); the study area is indicated by the red rectangle.  930 
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Figure 4. (a) Simplified, idealiszed stratigraphic scheme of the Late Jurassic epicontinental basin in southern Poland including the Miechów 

Trough, showing main depositional systems and cyclicity (after Gutowski et al., 2005); Submediterranean ammonite zones abbreviations: 

Mar – Mariae, Cor – Cordatum, Plic – Plicatilis, Trans – Transversarium, Bif – Bifurcatus, Bim – Bimammatum, Plan – Planula, Plat – 

Platynota, Hyps – Hypselocyclum, Div – Divisium, Acan – Acanthicum, Eud – Eudoxus, Aut – Autissiodorensis); system tracts: HST – 935 
highstand, LSW – lowstand wedge, TST – transgressive, MFS (CS) – maximum flooding surface (condensed section); (b) details of the 

Oxfordian–Kimmeridgian interval showing main Upper Jurassic lithological units in the study area and adjacent regions (based on after 

Gutowski et al., 2005, 2006; Złonkiewicz, 2009; simplified). 
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Figure 5. Detailed view of the study area with location of wells and seismic data. Solid lines (red and blue) mark the sections of the seismic 940 
profiles shown in the Figs 8–15. Background geological map (after Dadlez et al., 2000; Żytko et al., 1988; simplified) from Fig. 3 (see for 

description). 
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Figure 6. Well-to-seismic data correlation together with simplified lithostratigraphic profile for the Upper Jurassic succession and its 

Cenomanian overburden, Chopin-1 well. 1D seismic-stratigraphic analysis allowed for identification of top of carbonate buildup deposits 945 
(represented by massive limestones - tcb), of top Upper Jurassic (J3), of top Cenomanian (Kcn), and of 4 main seismic horizons within the 

uppermost part of the Upper Jurassic interval located above the buildup deposits (1J3U, 2J3U, 3J3U, 4J3U). Main depositional systems are 

based on Gutowski et al. (2005) and Krzywiec et al. (2009). 
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Figure 7. Well-to-seismic data correlation together with simplified lithostratigraphic profile for the Upper Jurassic succession and its 950 
Cenomanian overburden, Belvedere-1 well. 1D seismic-stratigraphic analysis allowed for identification of top of carbonate buildup deposits 

(represented by massive limestones - tcb), of top Upper Jurassic (J3), of top Cenomanian (Kcn), and of 4 main seismic horizons within the 

uppermost part of the Upper Jurassic interval located above the buildup deposits (1J3U, 2J3U, 3J3U, 4J3U). Main depositional systems are 

based on Gutowski et al. (2005) and Krzywiec et al. (2009). 
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 955 

Figure 8. (a) Uninterpreted and interpreted seismic profile (12-5-92K) from the Miechów Trough, see Figure 5 for location. Major NW-SE 

oriented Opatkowice and Kostki Małe fault zones are rooted in the Paleozoic basement and associated with inversion anticlines developed 

within the Mesozoic cover;. (b) Two carbonate buildups were identified in this profile; one of them was partly drilled by the SLE Chopin-1 

well. 
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 960 

Figure 9. (a) Uninterpreted and interpreted seismic profile (11-5-92K) from the Miechów Trough, see Figure 5 for location. Major NW-SE 

oriented Opatkowice and Kostki Małe fault zones are rooted in the Paleozoic basement and associated with inversion anticlines developed 

within the Mesozoic cover.; (b) One isolated carbonate buildup was identified in this profile. 
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Figure 10. (a) Uninterpreted and interpreted seismic profile (10-5-92K) from the Miechów Trough, see Figure 5 for location. Major NW-965 
SE oriented Opatkowice and Kostki Małe fault zones are rooted in the Paleozoic basement and associated with inversion anticlines developed 

within the Mesozoic cover.; (b) Two carbonate buildups were identified in this profile. 
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Figure 11. Uninterpreted and interpreted seismic profile across the carbonate buildup complex, see Figure 5 for location; this carbonate  

buildup was partly drilled by the Chopin-1 well. Well tops, interpreted top of carbonate buildup (tcb) and the synthetic seismogram (SSYNT) 970 
are shown (see Figure 6 for details).   
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Figure 12. Uninterpreted and interpreted seismic profile across the carbonate buildup complex, see Figure 5 for location; this carbonate  

buildup was partly drilled by the Belvedere-1 well. Well tops, interpreted top of carbonate buildup (tcb) and the synthetic seismogram 

(SSYNT) are shown (see Figure 7 for details).   975 
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Figure 13. Uninterpreted and interpreted part of seismic profile across the carbonate buildup complex, see Figure 5 for location. The effect 

of differential compaction between the carbonate sediments (generally much higher for bedded carbonate facies, very low for massive 

limestones) can be clearly seen. Usually, these effects could be also visible within the younger, Upper Cretaceous overburden. As result, the 

younger strata also partly exhibit drape reflections (1) and compaction sag effect (2). Other characteristic seismic indicators can be also 980 
observed, i.e. the velocity pull-up effect for horizons below the buildup’s base (3), and the diffraction on buildup’s edges (yellow dotted 

lines marked on the uninterpreted profile). Differential compaction may have also led to formation of normal faults along the borders of 

carbonate buildup. 
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Figure 14. Uninterpreted and interpreted part of seismic profile across the carbonate buildup complex, see Figure 5 for location. Lateral 985 
seismic facies changes correspond to main facies changes within the Upper Jurassic: bedded facies (represented by diverse bedded limestones 

and marls) - massive limestones (carbonate buildups). 
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Figure 15. Uninterpreted and interpreted seismic transect (see Figure 5 for location) showing distinctive elements of depositional architecture 

of the Upper Jurassic succession in the study area: presence of large carbonate buildup complexes represented by massive facies and intra-990 
buildup sub-basins, represented by bedded facies. 
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Figure 16. Field examples from Młynka Quarry (Kraków-Częstochowa Upland, see Figure 3 for location) showing geometric relationship 

between the Upper Jurassic massive facies (carbonate buildups - their key contours are marked with red lines) and the bedded facies (yellow 

lines). Dotted red and yellow lines mark the ambiguous, partly tentative elements of outcrop interpretation. The outcrops examples (a, c) are 995 
compared to their seismic-scale equivalents from the Miechów Trough (b, d). Seismic example (b) is part of the profile from Fig. 11, seismic 

example from (d) is part of the profile from Fig. 15. Onlap contacts are marked with yellow arrows. 


