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COMMENTS FROM REVIEWER 2 (L. BROWN) 
 
Reviewer comments are reproduced in italics, followed by the authors’ responses. 
 
Comment 1: In general the paper is well written with only a few grammatical glitches. The 
discussion of the geological setting is relatively clear and thorough.  The figures are generally 
of excellent quality. However the figures purporting to show the results of the seismic wavelet 
analysis generally lacking sufficiently detailed depictions of the actual data that are needed to 
evaluate the validity of some of the modeling conclusions. 
My biggest criticism is that the discussion of the wavelet analysis, intended to reveal primarily 
the thickness of the interpreted intrusions is presented in a confusing manner, and lacks any 
clear comparison of the modeled waveforms with the observed waveforms on a  common scale 
that allows for the assessment of the modeling results. Moreover important details of the 
analysis are not explained.  
For example, a first step in the analysis as described by the authors as “wavelet extractions” 
within a window encompassing the deep reflections of interest. What does this mean? 
Deconvolution? How can the wavelets be “extracted” without making some a priori 
assumption of their waveform? Since the analysis all about interpreting these waveforms, how 
were they extracted without altering them. Moreover, to what extent are the wavelets of interest 
“contaminated” by multiples generate in the overlying sedimentary sections Was 
deconvolution use, and could such deconvolution have distorted the intrusive reflection 
wavelets? 
Response: We agree that the original description of the wavelet extraction procedure was 
insufficient and potentially confusing. We have now clarified that the wavelets represent 
effective statistical wavelets estimated from fully processed pre-stack time-migrated (PreSTM) 
seismic data provided by the PolandSPAN project. 
The seismic data used in this study were obtained as final PreSTM and PreSDM datasets, 
acquired, processed, and migrated prior to our analysis following regional workflows described 
by Mężyk et al. (2019). It should be noted that the original processing workflow included 
deconvolution before pre-stack time migration, as well as multiple attenuation procedures. 
However, we were unable to determine the direct impact of these steps as we did not have 
access to field data. We did not perform or modify any processing steps ourselves; we worked 
exclusively with the fully processed datasets that were available for interpretation.  
The wavelet was estimated directly from the already processed seismic data and was not 
modified or altered by the authors. 
Wavelets were derived using a statistical frequency-matching approach, which estimates a zero-
phase wavelet whose amplitude spectrum matches that of the seismic data within the selected 
time window. This method does not impose an a priori waveform shape and reflects the 
combined source signature and propagation effects rather than a true source wavelet. 
No dominant multiple energy was observed within the analysed time windows used for wavelet 
estimation. Consequently, the extracted wavelets are considered representative of the primary 
reflection response from the intrusion interval. 
The manuscript has been revised accordingly. 
 
Comment 2: A related concern is modeling the waveforms using the Ricker wavelet. The Ricker 
wavelet is usually associated with impulsive sources such as explosives. However the data 
shown here is implicitly from Vibroseis sources, although that is never explicitly stated in the 
paper. Vibroseis correlation results in a Klauder wavelet. How do the authors justify using the 
Ricker wavelet for modeling of what are presumably Klauder wavelets in the actual data? Were 
the data subjected to a Klauder to Ricker transform. 
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Response: We thank the reviewer for raising this important point. The seismic data used in this 
study were obtained as fully processed and migrated PreSTM and PreSDM datasets, and we 
did not work with field records or perform any additional signal processing, including any 
Klauder-to-Ricker transformation. 
Our modelling was not intended to reproduce the original Vibroseis source signature or the 
detailed shape of the correlated Klauder wavelet. Instead, the objective was to investigate tuning 
effects and vertical resolution using simplified forward modelling based on the effective 
wavelet present in the fully processed seismic data. 
We first extracted an effective statistical wavelet from the pre-stack time-migrated data using a 
frequency-matching approach. This extraction yielded dominant frequencies in the range of 
approximately 29-30 Hz, depending on the analysed polygon. Based on this result, we adopted 
a zero-phase Ricker wavelet with a dominant frequency of 29 Hz as a simplified approximation 
of the effective seismic bandwidth. 
The Ricker wavelet was therefore not used as a replacement for the true Vibroseis wavelet, but 
as a deliberate and controlled simplification suitable for analysing tuning effects and thickness-
dependent waveform interference. This approach is commonly applied in wedge and tuning 
studies, where relative waveform behaviour is of primary interest, rather than precise 
reproduction of absolute amplitudes or source signatures. 
We acknowledge that this represents a simplification of the true seismic wavelet. However, 
given the objectives of this study and the use of fully processed migrated data, we consider this 
approach appropriate and sufficient for the first-order analysis presented here. 
The manuscript has been revised accordingly. 
 
Comment 3: The modeling of the data appears to consist of three parts. The first is essential 
1D modeling to determine the thickness of the presumed intrusion layer by matching amplitudes 
peaks and wavelet peak to trough measurements of real data with synthetics for a simple high 
impedance layer. However there is no  explicitly explanation of  how the apparent peak to 
trough time measurement of the composition waveform relates to the  impedance model. 
Response: We agree that the relationship between apparent peak-trough separation and layer 
thickness was not sufficiently explicit in the original manuscript and may have led to confusion.  
We would like to clarify that Section 4.1 does not involve impedance-based forward modelling. 
This section presents a data-driven statistical tuning analysis based on wavelets extracted from 
the fully processed seismic data. Its purpose is to estimate dominant frequency and vertical 
resolution directly from observations, without assuming any specific impedance model. 
In Section 4.1, the apparent peak–trough separation is interpreted using tuning curves derived 
from the extracted effective wavelets. These curves describe the expected interference 
behaviour of reflections from thin layers as a function of thickness and wavelength, and provide 
an empirical link between observed waveform characteristics and vertical resolution. 
The physical relationship between waveform interference, impedance contrasts, and true layer 
thickness is subsequently addressed through wedge modelling in Section 4.3 (Fig. 13), where 
explicit impedance-based forward modelling is performed. This modelling provides the 
theoretical framework that links the tuning behaviour observed in Section 4.1 to layer thickness. 
We have revised the manuscript to more clearly distinguish between these analytical stages and 
to explain the role of tuning curves and wedge modelling in relating peak–trough separation to 
intrusion thickness. 
 
Comment 4: Only once the wedge modeling is subsequently described is this relation depicted 
graphically, though still not explicitly explained. 
Response: We thank the reviewer for this helpful comment. We have expanded the description 
of the wedge modelling and clarified its role in explaining the physical basis of the tuning 
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behaviour. In particular, we added explicit cross-references and text explaining how the wedge 
model demonstrates the relationship between peak-trough separation, amplitude variations, and 
layer thickness. This improves the linkage between the statistical tuning analysis and the 
physical forward modelling results. 
 
Comment 5: Moreover, is not clear but it seems that the authors are trying to use an average 
waveform for the intrusion response in a large window without considering possible later 
various in intrusion thickness (although lateral variations are address later in the analysis. The 
authors should be clear on this point. 
Response: We agree that this aspect required clearer explanation. Wavelets were extracted 
independently for the three interpreted polygons located in different parts of the intrusion in 
order to evaluate potential lateral variations in frequency content and tuning behaviour. The 
extracted wavelets showed very similar dominant frequencies (approximately 29-30 Hz), 
indicating limited lateral variability in effective bandwidth. 
This justified the use of an average dominant frequency in the subsequent wedge modelling. In 
our view, this approach ensures internal consistency of the modelling results while remaining 
representative of the observed seismic response. The manuscript has been revised to clarify this 
procedure. 
 
Comment 6: In fact the modeling effort would be much clearer if they started with the wedge 
modeling discussion,  which shows how distinct reflections from the top and bottom of a thin 
layer “merge” as the layer thins. This graphic could be used to clearly indicate what the 
various parameters are in the  graphics in the previous modeling section (e.g. actual time travel 
time difference, observed peak to trough time, maximum amplitude and resonance frequency 
etc.).  
Response: We thank the reviewer for this constructive suggestion. We would like to clarify 
that tuning analysis and wedge modelling represent two complementary stages of the workflow. 
The tuning analysis is data-driven and provides empirical estimates of dominant frequency and 
vertical resolution, whereas wedge modelling illustrates the physical basis of tuning effects and 
reflection interference. 
In our study, the tuning analysis is intentionally presented first, as it is derived directly from the 
observed seismic data and forms the basis for subsequent forward modelling. The dominant 
frequencies obtained from the tuning analysis were then used to constrain the wedge modelling 
parameters. 
We agree that this relationship was not sufficiently clear in the original manuscript. We have 
therefore revised the text to explicitly describe the workflow and to strengthen the link between 
Sections 4.1 and 4.3, emphasizing how the wedge model provides a physical framework for 
interpreting the statistical tuning results.  
The manuscript has been revised accordingly. 
Comment 7: In none of the discussions do the authors  show  their modeled waveforms next to 
actual recorded data at the same scale and in the same display format. The “zoomed” versions 
of the color section in Figures 6-8 simply to not show the observed waves in sufficient detail 
nor in a comparably format (eg.  Variable area wiggle) to make in useful judgment of how well 
the modeling matches the observations.  
Response: Thank you for this helpful suggestion. Following this comment, we have added a 
new figure that directly compares observed and synthetic data displayed at identical time 
windows, consistent amplitude scaling, and in the same variable-area wiggle format. The new 
figure presents (i) the location of the selected trace on the PL-5400 seismic profile (polygon 2), 
(ii) a zoomed view of the real seismic trace extracted from the intrusion interval (100 ms TWT 
window), (iii) the corresponding synthetic trace extracted from the wedge model using the same 
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time window and a thickness of ~58 m (i.e., close to the estimated tuning thickness), and (iv) 
their overlay. The selected trace was taken from the same polygon used for the tuning analysis 
(Fig. 7), from a location where the intrusion is well imaged and its thickness is close to the 
tuning thickness, making it representative for this comparison. 
This figure allows a direct visual assessment of how well the modeled response matches the 
observed data and addresses the reviewer’s concern regarding scale, display format, and 
waveform comparability. The manuscript and figure captions have been updated accordingly. 
 
Comment 8: Also the color scale wavelets appear to exhibit way more wiggles (side lobes?) 
than explained by the modeling. Is this an artifact of displaying the modeling and data with 
different display modes or gain functions (eg. AGC)?  Does such “additional“ wavelet 
complexity indicate finer layering with the intrusion, or do they represent of multiples generated 
in the sedimentary column above. Were such multiples removed  by processing (deconvolution? 
wavelet extraction?)? 
Response: We would like to clarify that in the original manuscript we used schematic, wavelet-
like color-scale symbols solely as explanatory elements. These symbols were included to 
illustrate the seismic amplitude color scale in several figures (Figs. 6, 7, 8 and 14, 15, 16 in the 
previous manuscript version). They were not intended to represent actual seismic traces or data, 
but rather to provide a visual guide to the color–amplitude relationship used in the 
corresponding figures. These symbols appeared in the explanations of the colour amplitude 
scales and were intended solely as illustrative amplitude indicators. They did not represent 
extracted or modelled seismic wavelets. These elements were added for graphical clarity and 
aesthetic purposes only and were not related to the actual seismic signal. 
Consequently, the apparent complexity and additional side lobes visible in these schematic 
symbols do not reflect the character of the effective statistical wavelets extracted from the fully 
processed seismic data, as they are not related to each other. As mentioned above, the sole 
purpose of these color-scale wavelet-like symbols was to illustrate the amplitude scale, not the 
real wavelet shape. We acknowledge that their presence may have led to misinterpretation and 
that this was potentially confusing. To avoid any ambiguity, these schematic elements have 
been removed and replaced by simplified amplitude scales in the revised figures (Figs. 6–8 and 
15–17). 
As discussed earlier, all analysed seismic data were obtained after complete regional processing 
conducted by the data provider (it included multiple attenuation and deconvolution procedures, 
done by the company, but detailed workflow remains classified). The present study is based on 
fully processed and migrated seismic data, and the authors did not apply any additional 
processing to the field records. No dominant multiple energy was observed within the time 
windows used for wavelet extraction, and we did not apply any additional gain functions, 
deconvolution, or AGC during wavelet estimation. 
The extracted wavelets represent effective statistical wavelets that combine source signature, 
propagation effects, scattering, and residual processing imprint. Consequently, they are 
inherently more complex than an idealized Ricker wavelet used in forward modelling, which 
was deliberately adopted as a simplified approximation for tuning analysis and thickness 
estimation using the wedge model. 
To further minimize any display-related effects and to allow direct waveform comparison, we 
have added a new figure (Fig. 14) in which observed and synthetic traces are shown using 
identical time windows and consistent amplitude scaling. 
We note that some additional waveform complexity may also reflect small-scale heterogeneities 
or fine internal layering within the intrusion and surrounding rocks. However, resolving such 
features is beyond the scope of the present study and does not affect the first-order tuning and 
thickness estimates presented here. 
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Comment 9: In any case, at least a sample of the data needs to be shown in the same wiggle 
format and at the same display scale as the modeling. And these more zoomed versions of data 
should show your picks for peaks and troughs used to deduced thickness. 
The second part of their analysis they use full 2D modern of the complete geological column 
including the sedimentary section for several different proposed lithologies for the intrusion in 
an attempt to see which seems to match the relative amplitudes of the intrusions compared with 
the shallower reflections. The result is rather predictable:  the model with the largest 
impedance contrast the between intrusion and host rock gives the strongest reflection. 
Response: Regarding the identification of peaks and troughs, this issue has now been addressed 
by the newly added Fig. 14. The figure presents observed and synthetic traces displayed in 
identical wiggle format and at consistent scales, with the main peak and trough corresponding 
to reflections from the intrusion top and base, respectively, as indicated in the figure caption. 
This demonstrates that thickness estimates were derived consistently from peak–trough 
separation, following the same criteria used in the tuning analysis, rather than from subjective 
visual picking. 
We agree that reflection amplitude is primarily controlled by impedance contrast and that 
models with larger contrasts produce stronger reflections. However, the forward modelling 
performed in this study quantifies this relationship and provides constraints on the range of 
plausible lithologies consistent with the observed amplitudes. To clarify this point, an 
explanatory sentence has been added to the manuscript. 
 
Comment 10: Using the overall appearance of the seismic section to demonstrate this is rather 
qualitative. A more quantitative approach would be to compare amplitude vs travel time curves 
for traces that sample the intrusive. Also any amplitude analysis begs the question of what 
attenuation values were used for the geologies traversed by the seismic waves. 
Response: We agree that a fully quantitative amplitude–versus–travel-time analysis could, in 
principle, provide additional constraints on the seismic response of the intrusion. However, the 
PolandSPAN® dataset used in this study consists of fully processed and migrated regional 
seismic data, and data version we used not processed with strict amplitude preservation as the 
primary objective. As a result, absolute amplitude values are influenced by processing, scaling, 
and migration effects, which limit the reliability of purely quantitative analysis.  
Instead, our approach combines statistical tuning analysis, wedge-based forward modelling, 
and direct waveform comparison (Fig. 14) using identical display parameters. This provides a 
semi-quantitative validation of the relationship between layer thickness, impedance contrast, 
and observed reflection amplitudes under consistent conditions. 
Regarding attenuation, reliable Q estimates are not available for the deep crustal levels 
investigated in this study. Introducing assumed attenuation values would therefore be highly 
uncertain and potentially misleading. For this reason, attenuation was kept constant in the 
modelling, and the analysis focused on relative amplitude behavior rather than absolute 
amplitude calibration. We have clarified these limitations and methodological choices in the 
revised manuscript. 
 
Comment 11: As mention earlier the wedge modeling in the next section of the paper clarifies 
some of the ambiguities in the discussion of the earlier modeling and should precede the other 
waveform analyses. The quantification of lateral variations in thickness is one of the most 
outstanding contributions of this study. However here too the presentation would have been 
more effective by zooming into the wavelets to make their details clearer. 
Response: We thank the reviewer for highlighting the importance of the wedge modelling 
results in clarifying tuning effects and thickness variations. We note that this comment is closely 
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related to an earlier suggestion regarding the presentation order and the role of wedge modelling 
in the interpretation workflow. As explained in our previous response, the manuscript is 
intentionally structured to reflect a data-driven workflow. The tuning analysis (Section 4.1) is 
derived directly from observed seismic data and provides empirical estimates of dominant 
frequency and vertical resolution, which are subsequently used to constrain the wedge 
modelling (Section 4.3). The wedge model then provides a physical framework for interpreting 
the statistical tuning results and for validating thickness estimates. 
We have significantly revised the manuscript to explicitly describe this relationship and to 
strengthen the link between Sections 4.1 and 4.3. 
Regarding the request to zoom into the wavelets, this has now been addressed by the newly 
added Fig. 14, which presents observed and synthetic traces in identical wiggle format and at 
consistent display scales. This figure enables detailed inspection of waveform characteristics, 
including peak-trough separation, tuning effects, and reflection interference, and we hope it 
now better clarifies how thickness estimates were derived. 
We believe that these revisions improve the clarity of the modelling workflow and its 
connection to the wavelet analysis. The manuscript and figures have been revised accordingly. 
 
Comment 12: Also, could amplitude processing (eg lateral variations an spherical divergence 
corrections) have distorted the intrusion election amplitudes? 
Response: All analyses were performed on consistently processed regional seismic data 
provided by the PolandSPAN project. The processing workflow implemented by the data 
provider included true-amplitude gain recovery (TAR), aimed at compensating for propagation-
related amplitude decay and preserving relative amplitude variations. We would like to 
emphasize, however, that the present study is based on fully processed and migrated seismic 
data, and the authors did not apply any additional amplitude scaling, balancing, or gain 
functions. Therefore, any potential effects of amplitude-related processing are uniform across 
the dataset and do not preferentially affect the intrusion reflections. Moreover, our interpretation 
relies primarily on relative amplitude behavior and internal consistency between observed and 
synthetic data, rather than on absolute amplitude values. This approach minimizes the influence 
of possible residual processing effects. The close correspondence between observed and 
modelled waveforms shown in Fig. 14 further supports that the main amplitude characteristics 
of the intrusion reflections are not dominated by processing artifacts. 
We therefore conclude that amplitude-related processing is unlikely to have significantly 
distorted the relative amplitude response of the analyzed intrusions. While minor residual 
processing effects cannot be entirely excluded, they do not affect the main conclusions of this 
study. 
 
Comment 13: Lastly the authors attribute all of the lateral waveform variations to changes in 
intrusion thickness, but give no consideration to the a possible alternatives: lateral variations 
in composition of either intrusions or country rock, or the possibility of finer layering with the 
intrusion. 
Response: We agree that lateral variations in seismic waveforms may, in principle, also reflect 
changes in intrusion composition, internal layering, or variations in the surrounding host rock. 
These factors cannot be entirely excluded, particularly given the lack of other precise geological 
or geophysical data at the analyzed depths. 
In this study, we interpret thickness variations as the primary control on lateral waveform 
variability because (i) the observed changes are systematic and consistent with tuning and 
interference effects predicted by wedge modelling, (ii) they are generally reproduced by 
forward modelling under constant lithological parameters, and (iii) independent geological and 



7 
 

geophysical constraints from other studies (also discussed in Section 5) suggest a relatively 
homogeneous doleritic composition at the regional scale. 
Nevertheless, we acknowledge that compositional heterogeneity, fine-scale internal layering, 
or lateral variations in basement properties may locally influence the seismic response. This 
limitation has now been explicitly stated in the revised manuscript. 
 
Comment 14: However, in summary the authors present some beautiful new seismic data 
depicting likely intrusions in the sub-sedimentary crust. However the discussion of the 
waveform analyses could be improved for clarity of technique and results and completeness of 
interpretational possibilities. 
Response: We thank the reviewer for this constructive summary and positive assessment of the 
presented seismic dataset. We agree that improving the clarity of our waveform analysis and 
the completeness of interpretation was essential. 
 
In response to reviewer’s comments and suggestions, we have substantially revised the 
manuscript to improve the transparency of the applied methodology and the presentation of 
results. The workflow has been clarified, particularly the relationship between tuning analysis, 
wedge modelling, and forward modelling (Sections 4.1–4.3). Additional explanations have 
been introduced in Sections 3 and 4 to better describe the modelling approach and amplitude 
interpretation. 
Furthermore, we have added a new Figure 14, which presents observed and synthetic traces at 
consistent scales and in identical display format, allowing detailed inspection of waveform 
characteristics and improving the clarity of thickness estimation and tuning effects. 
Finally, we have explicitly acknowledged alternative interpretations, including possible effects 
of compositional heterogeneity, internal layering, and variations in the surrounding host rock, 
and to emphasize the limitations of the current dataset. We believe that these revisions 
significantly improve the clarity and completeness of the waveform analysis, its interpretation, 
and the overall manuscript.  


