
Dear Editors and Reviewers, 

We are deeply grateful for the editorial board’s consideration of our manuscript, and 

we also would like to express our deep appreciation to reviewers for two referee 

comments and four short comments. Their constructive suggestions and insightful 

comments undoubtedly can help us improve the readability, quality, and rigour of the 

manuscript. We will revise the manuscript carefully following the suggestions in order 

to make it an acceptable form. In this response, we mainly clarify what we will do to 

tackle the issues proposed by the reviewers. For clarity’s sake, the comments are in 

bold type, and the responses including additional works that have been implemented 

into the manuscript are in normal type with blue colour. 

 

Referee Comment #1 by György Pogácsás 

General Comments: The overall structure of the Xiongqi Pang et al “The Depth 

Limit for the Formation and Occurrence of Fossil Fuel Resources” article is fairly 

well structured and clear. The length of the paper is appropriate. The figures and 

tables are correct and good quality. The article is implemented by the 

Supplement and by the Data sets. The colour diagrams on both the figures of 

the article and on the figures of the Supplement are really beautiful and very 

informative. The Supplement figures (Fig. S1-Fig. S5) illustrate the identification 

of the Active Source Rock Depth Limit (ASDL) within the Tarim Basin, Sichuan 

Basin, Ordos Basin, Bohai Bay Basin, and Songliao Basin using different 

indicators. Supplement Fig. S6. illustrates the distribution of proven 

hydrocarbon reserves versus depth (and their relationships with ASDLs and 

HRDLs) within the Tarim Basin, Junggar Basin, Sichuan Basin, Ordos Basin, 

Bohai Bay Basin, and Songliao Basin. 

 

(1) The article and the data sets are more or less consistent. The excel 

spreadsheets of the Datasets (Fig.2.xlsx-Fig.9.xlsx) are strictly connected to the 

figures of the article as follows: Fig.2.xlsx to Fig.2; Fig.3.xlsx to Fig.3; Fig.4.xlsx 

to Fig.4; Fig.5.xlsx to Fig.5; Fig.6.xlsx to Fig.6; Fig.7.xlsx to Fig.7; Fig.8.xlsx to 

Fig.8; Fig.9.xlsx to Fig.9; whereas Fig.10 is connected both to Fig.8.xlsx and to 

the tables of the paper (Table 1. and Table 2). The Supplement figures referring 

to the Tarim Basin, Sichuan Basin, Ordos Basin, Bohai Bay Basin, and Songliao 

Basin, unfortunately are not corroborated by excel spreadsheets containing the 

data sets which were used for the construction of Fig. S1.-Fig. S5. Only in the 

case of the Junggar Basin figure (Fig.2) are available the excel spreadsheets 



(Fig.2.xlsx) at (https://doi.pangaea.de/10.1594/PANGAEA.900865) containing the 

geochemical data which were used to construct the diagrams on Fig.2. 

 

Response: Thanks for your suggestion. We will supplement the geochemical datasets 

that can be utilized to construct the figures of Fig.S1-Fig.S5.  

 

(2) The related Data sets at https://doi.pangaea.de/10.1594/PANGAEA.900865 

contain an enormous number of geochemical data but the structure of the data 

sets excel spreadsheets (Fig.xlsx) does not seems to be the luckiest one. 

Although the different geochemical parameters of a source rock samples are 

strongly connected, the geochemical data cube of the article is separated and 

segmented: H/C versus depth, S1/TOC versus depth, A/TOC versus depth, 

(S1+S2)/TOC versus Ro, (S1+S2)/TOC versus depth etc. It does not help very 

much to understand the petroleum generation in the six representative Chinese 

basins. 

 

Response: The primary purpose for constructing such kind of structure is for the 

convenience of the scientific and industrial community to reproduce the figures in the 

manuscript quickly and to reutilize these data efficiently. The reviewer, however, did 

pinpoint an important issue we have ignored, and therefore thank you very much for 

your comment. For the data that have been uploaded to the PANGAEA, it may be 

difficult to change the structure of these data, but as for the new data to be uploaded, 

we will definitely take the reviewer’s suggestion into consideration to put every basin’s 

geochemical data (i.e. H/C versus depth, S1/TOC versus depth, A/TOC versus depth, 

(S1+S2)/TOC versus Ro, (S1+S2)/TOC versus depth ) in a same excel sheet, so as to 

correlate the data with petroleum generation more closely. 

 

(3) To provide additional references concerning the petroleum systems of the 

Tarim Basin, Junggar Basin, Sichuan Basin, Ordos Basin, Bohai Bay Basin, 

Songliao Basin is strongly recommended. The article is focusing on questions 

related to depth limit of petroleum generation and occurrence. Geochemical data 

are definitely needed to answer these kinds of questions and the paper itself 

seems to be appropriate to support the publication of the enclosed enormous 

geochemical data sets. Although question may arise concerning the need to use 

additional type (geology, geophysics etc.) of data as well to give even more 

precise answer concerning depth limit of petroleum generation within 

sedimentary basins. 



 

Response: Thank you very much for your suggestion. The additional references, 

especially for geology and geophysics, with respect to petroleum systems of the six 

representative basins are provided in the revised manuscript. The details of references 

are listed here: 

1. Zhu, G., Cao, Y., Yan, L., Yang, H., Sun, C., Zhang, Z., Li, T., & Chen, Y. (2018). 

Potential and favorable areas of petroleum exploration of ultra-deep marine strata 

more than 8000 m deep in the Tarim basin, northwest china. Journal of Natural Gas 

Geoscience, 3(6), 321-337 

2. Wang, Y., Yang, R., Song, M., Lenhardt, N., Wang, X., Zhang, X., Yang, S., Wang, 

J., & Cao, H. (2018). Characteristics, controls and geological models of hydrocarbon 

accumulation in the Carboniferous volcanic reservoirs of the Chunfeng Oilfield, 

Junggar Basin, northwestern China. Marine and Petroleum Geology, 94, 65-79. 

3. Zhao, W., Zhang, S., He, K., Zeng, H., Hu, G., Zhang, B., Wang, Z., & Li, Y. (2019). 

Origin of conventional and shale gas in Sinian–lower Paleozoic strata in the Sichuan 

Basin: Relayed gas generation from liquid hydrocarbon cracking. AAPG Bulletin, 

103(6), 1265-1296. 

4. Zou, C., Guo, Q., Yang, Z., Wu, S., Chen, N., Lin, S., & Pan, S. (2019). Resource 

potential and core area prediction of lacustrine tight oil: The Triassic Yanchang 

Formation in Ordos Basin, China. AAPG Bulletin, 103(6), 1493-1523. 

5. Ping, H., Chen, H., & Jia, G. (2017). Petroleum accumulation in the deeply buried 

reservoirs in the northern Dongying Depression, Bohai Bay Basin, China: New insights 

from fluid inclusions, natural gas geochemistry, and 1-D basin modeling. Marine and 

Petroleum Geology, 80, 70-93. 

6. Yu, Y., Niu, W., Yang, G., Niu, M., Ma, S., & Tian, L. (2019). Mechanisms for the 

accumulation of deep gas in the southern Songliao Basin, China. Journal of Petroleum 

Science and Engineering, 182, 106302. 

 

(4) According to the article the Active Source Rock Depth Limit (ASDL) was 

studied basically by two more or less independent methods. The first one was a 

graphic method, constructing diagrams (H/C versus depth; A/TOC versus depth; 

S1/TOC versus depth; (S1 + S2)/TOC etc.) and "drawing dashed curve to 

envelope all the sample values and assuming the intercept of the dashed line on 

the vertical axis marks the ASDL”. The second method applied linear equation 

as follows: ASDL = 16202 - 2.63 x HI + 139.46 x HF; “where, ASDL is the active 

source rock depth limit; HI is the hydrogen index value of the major source rock 



in a basin; HF is the average heat flow value of the given basin”. In the case of 

the graphic method considerable uncertainty is related to the lack of ultra-deep 

wells why the drilled boreholes were terminated by some kilometres above the 

ASDL. In the case of the ASDL = 16202 - 2.63 x HI + 139.46 x HF equation the 

main uncertainty is related to the facts that heat flow values of the sedimentary 

basins are geologic time dependent and the thermal maturation is not the only 

function of HI and HF value, but it depends on other factors (time etc.) as well. 

Oil companies and research institutes all over the world apply sophisticated 

methods for modelling the source rock maturation versus time and versus depth, 

besides geochemical data using subsidence history reconstructions, deposition 

history models, compaction history models, thermal history calculations and so 

on. It is assumed comparison of the graphic method based and the linear 

equation (ASDL = 16202 - 2.63 x HI + 139.46 x HF) based results of the article 

with results of source rock maturation versus depth and time modelling would 

provide even more precise expectations concerning the depth limit of the ASDL 

within the studied basins. 

Response: Thank you very much for your suggestion. We totally agree with the 

reviewer that these uncertainties may play an important role in affecting the depth limit 

of the ASDL. Therefore, we will modify the manuscript from the following aspects. For 

the first case that uncertainties may be caused by the lack of datasets from ultra-deep 

wells, the ASDL can be obtained by extrapolation according to the variation regularity 

of these data with depth, and such kind of regularity is derived from the actual data 

from different basins. For the second case that uncertainties may be brought in by the 

quantitative equation, we will modify the relevant content in the revised manuscript that 

the proposed equation is only useful to elucidate that there exists a relationship 

between heat flow and organic matter type and the ASDL. This is because, as the 

reviewer suggested, the influence factors of the ASDL are not fully incorporated into 

the equation. We have already mentioned in the manuscript that the ASDL is not only 

influenced by the heat flow and organic matter type, but also influenced by the 

stratigraphic age and tectonic uplift. However, to set up the equation with four 

independent variables, at least twelve equations with different variables should be 

applied and this cannot be satisfied by our database. Therefore, we suppose in the 

revised manuscript that the proposed equation cannot be utilized to predict precisely 

the ASDL of source rocks in the six basins of China, especially for basins out of these 

basins. On the other hand, basin modelling and some other integrated analysis 

methods, just as the reviewer suggested, should be applied if readers want to decide 

the depth limit of ASDL which should be correspondence to the criteria provided by our 



study (i.e. Ro=3.5% ± 0.5%). The detailed content regarding the above-mentioned 

discussion will be fully expanded in the revised manuscript. 

 

(5) Careful English language revision of the article by a native English college is 

strongly recommended. 

 

Response: Thanks for your suggestion. We will modify the manuscript with the help of 

a native English researcher. 

 

Referee Comment #2 by Ludden John 

General Comments: This manuscript is a useful contribution of data from 

numerous oil and gas wells in China and a world-wide compilation. It provides 

very useful data that is on-line in the PANGEA data-base. I would expect these 

data to be used by a number of users both from academia and industry and this 

is a good example of open data. 

 

(1) The only thing I struggle with is the static view of basins in these models. The 

oil and gas community model the source rocks as expelling gas and oil simply 

due to subsidence and compaction - as in Figure 9. This is largely because the 

oil and gas producers are mainly interested in the reservoir rather than the 

source - so they focus on the trapping process. Here the authors attempt to 

define limits for expulsion and these vary with heat flow of the basin as one 

would expect. However, there are fluxes of fluids, water rich and saline, 

traversing these basins and the role of these in dissolving organic matter and 

redistributing it has largely been ignored. I refer the authors to a recent paper 

which I was associated with in which we show that Pb- in oil comes from older 

and clearly deeper sources and is a mixture of components Lead isotopes as 

tracers of crude oil migration within deep crustal fluid systems Earth and 

Planetary Science Letters, Volume 525, 1 November 2019, Article 115747. 

 

Response: Thanks for your suggestion. It is true that source rocks can expel 

hydrocarbons as the consequence of thermal maturation with increasing depth, and 

there are a variety of software to model such kind of process. It is hard to say, however, 

that the oil and gas companies are mainly interested in the reservoirs rather than the 

source rocks. Conversely, these companies are paying more attention to the source 

rocks than ever before, which may be induced by the U.S. shale revolution to a large 



extent. On the other hand, we agree with the reviewer that the fluid fluxes have 

influences on the generation, preservation and redistribution of organic matter in 

source rock, and then have influences on its ASDL. Therefore, we will discuss the 

relevant content and add relative references in the revised manuscript. The added 

references are listed here: 

1. Fetter, N., Blichert-Toft, J., Ludden, J., Lepland, A., Borque, J. S., Greenhalgh, E., 

Garcia, B., Edwards, D., Télouk, P., & Albarède, F. (2019). Lead isotopes as tracers 

of crude oil migration within deep crustal fluid systems. Earth and Planetary Science 

Letters, 525, 115747. 

2. Zhu, D., Zhang, D., Liu, Q., Jin, Z., & He, Z. (2017). Activity of Silica‐Rich 

Hydrothermal Fluid and Its Impact on Deep Dolomite Reservoirs in the Sichuan Basin, 

Southern China. Acta Geologica Sinica‐English Edition, 91(6), 2214-2229. 

3. Luo, X., Jin, Z., Liu, K., & Zhang, S. (2017). Geofluids in Deep Sedimentary Basins 

and Their Significance for Petroleum Accumulation. Geofluids, 2017. 

 

(2) There is some minor grammatical structuring that the authors should ensure 

for clarity in particular in the section - last paragraph on characteristics of ASDL. 

 

Response: Thank you for the suggestion on language improving. We will modify the 

manuscript with the help of a native English researcher. 

 

Short Comment #1 by Shuang Xiao 

General Comments: I believe this is a very nice study. This manuscript proposed 

a new model and workflow to quantitative predict the depth limit of the fossil fuel 

resources in sedimentary basins, which has a wide implication in nowadays 

petroleum industry. Abundant oil exploration and production data from 

PetroChina and Sinopec were integrated in this study to illustrate their model. 

But I still have some comments and suggestions here: 

 

(1) Does the laboratory workflows for all these geochemical data as shown in 

figures 2, 3, and 4 are the same? Is there any deviation for different these data 

caused by different laboratory workflows? 

 

Response: Thanks for your comment. All these geochemical data shown in Figures 2, 

3, 4 are obtained following the same workflows which are in accordance with Chinese 

Petroleum and Natural Gas Industry Standard of P.R. China. We admit that there may 



be deviations due to the experimental errors, but the deviations of these data are within 

the controllable range since the workflows strictly follow a suit of standards. 

 

(2) How does the dashed envelope line be established in figures 2, 3, and 4? It’s 

formed by handwriting or any professional software? It seems that some of 

these dashed envelope lines are not that well fit with the geochemical data. 

 

Response: Thanks for your comment. As described in the manuscript, the envelope 

line is drawn by including all sample values. Instead of randomly drawing, the envelope 

line is drawn by handwriting on the basis of numerous previous studies investigating 

the hydrocarbon generation potential index of six major basins in China. 

 

(3) How to preclude these outlier geochemical data? Is it possible that some 

outlier geochemical data (such as fig. 2b) are caused by detection deviation? 

 

Response: Thanks for your comment. The outlier is a data that differs significantly from 

other observations, and according to this trait, some outlier data have already been 

discarded during the compilation of these geochemical data. However, in Fig. 2b1, for 

example, the highest value is not significantly different from the others. On the other 

hand, even if we exclude those “outlier” data as supposed by Shuang Xiao, a clear 

trend still stands with remaining data and the turning point corresponding to 

hydrocarbon expulsion threshold does not change. Therefore, we argue that these 

data are not outliers. 

 

Short Comment #2 by Jie Zhou 

General Comments: As the conventional reservoirs have been mostly 

discovered and produced, the exploration work is gradually shifting to deeper, 

more changeling targets. This paper is aiming to provide possible vertical depth 

limits of potentially commercial reservoirs in a basin, and therefore lower the 

exploration risks. This study utilizes a large quantity of geochemistry and 

reservoir property data collected from 6 major, oil- and gas-producing basins in 

China as well as other major petroliferous basins around the world. The idea is 

the hydrocarbon generation and expulsion history of source rocks play a crucial 

role in the distribution of oil and gas reservoirs in a sedimentary basin. A variety 

of source rocks, including the Cambrian – Ordovician carbonate, Permian to 

Triassic marine shales, Carboniferous – Permian coals, and Paleogene 

lacustrine shales are included in the study and these source rocks have 



remarkably different TOCs and thermal maturities. It’s quite clear that this paper 

shows an objective of significant importance to the oil industry and lays a robust 

foundation in terms of dataset. This paper uses the hydrocarbon generation 

potential index (“S1+S2”/TOC) as the key method to determine the ASDLs. This 

method was proposed more than 10 years ago and has been successfully 

applied in a number of petroliferous basins in China (including those 6 basins 

in this study). From numerous previous studies, the changes of the hydrocarbon 

generation index with thermal maturity (Ro) or depth can be used to simulate the 

amount of hydrocarbon generated and expelled from source rocks in the 

geologic history. In the meantime, the maximum depth or thermal maturity can 

also be determined when the hydrocarbon potential approaches to zero. The 

results from this method are very consistent with those ASDLs determined from 

other geochemical parameters as well as the exploration results. In my opinion, 

there are two things need be cleared: 

 

(1) First, how to determine the trends of the envelope lines indicating the change 

of the hydrocarbon potential index with depth or thermal maturity. Numerous 

studies have been done and published using this method in a number of basins 

in China. Detailed work has been conducted on source rocks with different 

kerogen types. The hydrocarbon generation potential indexes of these different 

types of source rocks all displayed similar trends (kind of like bell-shape) with 

depth or thermal maturity. But different source rocks showed very different 

hydrocarbon expulsion thresholds and efficiencies. These varying scenarios 

have been built on actual geochemical data and subsequently modelled by 

computer. Therefore, the envelop lines in this study are not randomly drawn but 

are guided by those well-established models. This has to been clearly explained 

because it is critical for the determination of the ASDLs. 

 

Response: Thank you for your insightful suggestions. We agree with the reviewer that 

the model is well-established and supported by numerous successfully applied cases 

in Chinese basins. As the reviewer suggested, we will clarify the determination of those 

envelope lines in the revised manuscript and provide more references (listed below) 

for the scientific community to review. 

1. Zhou, J., & Pang, X. Q. (2002). A method for calculating the quantity of hydrocarbon 

generation and expulsion. Petroleum Exploration and Development, 29(1), 24-27. 

2. Pang, X., Li, S., Jin, Z., & Bai, G. (2004). Quantitative assessment of hydrocarbon 

expulsion of petroleum systems in the Niuzhuang sag, Bohai Bay Basin, East China. 



Acta Geologica Sinica‐English Edition, 78(3), 615-625. 

3. Peng, J., Pang, X., Shi, H., Peng, H., & Xiao, S. (2018). Hydrocarbon-generation 

potential of upper Eocene Enping Formation mudstones in the Huilu area, northern 

Pearl River Mouth Basin, South China Sea. AAPG Bulletin, 102(7), 1323-1342. 

4. Fujie, J., Xiongqi, P., Jing, B., Xinhuai, Z., Jianping, L., & Yonghua, G. (2016). 

Comprehensive assessment of source rocks in the Bohai Sea area, eastern China. 

AAPG Bulletin, 100(6), 969-1002. 

5. Peng, J., Pang, X., Shi, H., Peng, H., Xiao, S., Yu, Q., & Wu, L. (2016). Hydrocarbon 

generation and expulsion characteristics of Eocene source rocks in the Huilu area, 

northern Pearl River Mouth basin, South China Sea: implications for tight oil potential. 

Marine and Petroleum Geology, 72, 463-487. 

 

(2) Second, this study proposes a linear equation to predict ASDL using basin 

heat flow data. It looks pretty good with the data from the 6 basins in the study, 

but there are only 6 data points. Statistically, the prediction is not be that robust. 

Two other things may also cause inaccurate predictions using this equation. 

First, basin heat flow (HF) can vary significantly over the geologic history. This 

paper did not clearly state the heat flow is the paleo-HF or present HF of the 

basins. Second, I assume the depth is the present-day burial depth, which can 

be very different from the maximum burial depth in the basin history, especially 

foreland basins (e.g. Appalachian Basin, USA). The late-stage uplifting in the 

Appalachian Basin can be up to thousands of meters. Marcellus Shale in the 

northeast Pennsylvania, for example, shows very high thermal maturity (3 – 4.5% 

Ro) and in some area, has passed the ASDL, but the present-day depth generally 

is less than 3 – 4 km. In contrast, some rifted basins have never undergone any 

uplifting at all. Given the complex geologic histories of some basins, thermal 

maturity (Ro) appears to be more reliable (also pointed out in this paper). 

Although different types of basins are included in the study and the predicted 

ASDLs appear to be very reasonable, it would be nice to run some blind test 

including some data from basins in other continents. Also, it would be great to 

add some assumptions regarding the possible limitations of this application. In 

summary, this paper has a well-defined objective, a huge amount of data, a well 

proved methodology, and very solid results. The publication of this paper will 

bring a remarkable impact to the oil industry and the new findings from this 

paper surely will help lower exploration risks. 

 



Response: Thank you for your insightful comments. The heat flow used in this study is 

the present average heat flow value of a basin. As suggested by the reviewer, burial 

history could have a great impact on ASDL, and we have already discussed it in the 

manuscript and proposed similar conclusions that the depth corresponding to ASDL 

should be utilized carefully in the superimposed basin, and that thermal maturity is 

more suitable to characterize ASDL. On the other hand, the reviewer has also 

mentioned the blind test of our model in other basins. However, as we mentioned in 

the reply to the reviewer György Pogácsás, the equation proposed by our previous 

manuscript is only to demonstrate the existence of relationship among heat flow, 

organic matter type and the ASDL, instead of predicting the ASDL of a basin by the 

equation. This is because two other important factors have not been incorporated into 

the equation of which the establishment is limited by our database. Therefore, the 

construction of a complete model or equation still needs help from the scientific 

community to enrich the relevant database. The detailed discussion will be added to 

the revised manuscript. 

 

Short Comment #3 by Zhihong Pan 

General Comments: Fossil fuel resources play an important role in the modern 

life. As the increasing demand of hydrocarbon, how to streamline the 

exploration is of great significance. As is well known, the vertical distribution of 

hydrocarbon varies from several hundred meters to tens of kilometers, which 

can bring high risks to the oil and gas assessment and exploration. This paper 

introduces an innovative concept: Active Source Rock Depth Limits (ASDL), 

which defines the maximum burial depth for source rocks to generate 

hydrocarbon in sedimentary basins. The concept can significantly provide 

guidance for hydrocarbon assessment and exploration. Detailed examples from 

six major petroliferous basins in China have been presented. The method used 

to define ASDL is very solid, parameters applied in this paper like H/C ratios, 

“A”/TOC, “S1+S2”/TOC are widely used in organic geochemistry. The result 

shows the existence of ASDL, and it is comparable across these basins 

regarding thermal maturity. Apart from the basins in China, the paper also shows 

the concept of ASDL is applicable to the basins all over the world, which strongly 

support the authors’ idea. Moreover, the controlling factors of ASDL has been 

investigated in the paper and the authors point out the ASDL is mainly 

constrained by the heat flow of the basin and types of organic matter. 

Quantitative research in hydrocarbon geology has always been a challenging 

task, however, through geochemical and mathematical analysis, the quantitative 



relations between the above two controlling factors and ASDL is established in 

this paper, which is a good try. At the ending part of the paper, the authors come 

up with the idea that the petroliferous basin can be vertically divided into three 

parts based on HET, oil and gas supply limits, and each part has its own types 

of hydrocarbon reservoirs. The idea provides a more efficient way to target 

hydrocarbon reservoirs, which is very interesting and hopefully we can see more 

details about this in the future. Honestly speaking, I believe the work of this 

paper is very innovative and the result is very solid, and it provides us with a 

new perspective when doing fossil fuel exploration, which definitely deserves to 

be published. However, I still have few suggestions and comments for this paper: 

 

(1) Geochemical data and hydrocarbon reservoir parameters from six 

representative petroliferous basins in China are quite enough. I am not sure 

whether the corresponding dataset for basins from worldwide is accessible, like 

Persian Gulf Basin, West Canada Basin, North Sea Basin. If one or few detailed 

examples of above mentioned basins can be presented, it would be the icing on 

the cake. 

 

Response: Thanks for your comment. The datasets from global basins are mainly 

sourced from IHS (2010), which mainly contains datasets related to basins and 

hydrocarbon reservoirs rather than these geochemical data with source rocks. 

 

(2) In the part of quantitative prediction of ASDL, the predicted ASDL can be 

expressed by HI and HF, where HI is the proxy of organic matter types. As we all 

know, there are some other parameters can represent kerogen type, why the HI 

is selected to establish the quantitative relation in this paper? 

 

Response: Thanks for your comment. It is true that many different methods could be 

taken to identify the organic matter type, and it is also feasible to convert the organic 

matter type parameters obtained by other methods into HI. However, there are two 

main reasons for selecting the hydrogen index (HI) as the input of our model. First, HI 

is a quantitative proxy for the characterization of kerogen types, and it can be easily 

obtained through Rock-Eval analysis. Numerous studies on source rock evaluation 

from the scientific community have proven the dependability and reliability of HI. 

Furthermore, HI has been widely chosen as the indicator of kerogen type in 

professional software such as PetroMod that is often utilized by the industrial 

community. Therefore, from the perspective of scientific and industrial community, HI 



is capable of serving as an input parameter to our model to indicate organic matter 

types. 

 

(3) In part 3.1, the average thermal maturity level is regarded as the identification 

criterion for ASDL in general geological settings. However, in part 3.3, the 

quantitative prediction of ASDL is express by active source rock depth limit. As 

is known, the thermal evolution of organic matter is a chemical process and it is 

a function of time and heat. Therefore, I believe if we want express ASDL by 

depth, it is better to take the age of source rock into consideration when doing 

quantitative investigation. 

 

Response: Thanks for your comment. We totally agree with the reviewer that the 

quantitative model with the stratigraphic age taken into consideration is much more 

rigorous. However, as we mentioned in the reply to reviewer György Pogácsás, the 

ASDL is not only influenced by the heat flow and organic matter type, but also 

influenced by the stratigraphic age and tectonic uplift. To set up the equation with four 

independent variables, at least twelve equations with different variables should be 

applied. This is, however, not satisfied by our database since we only have datasets 

from six basins. The detailed discussion will be added to the revised manuscript. It 

looks promising to construct a complete model or equation if more and more other 

basins’ ASDLs are unravelled.  

 

(4) In part 3.3, it seems that the HF used here is the value of nowadays. But HF 

varies in geological history and can be influenced by tectonic events. For 

example, the current heat flow in Basin and Range is high due to the recent 

tectonic extension. Therefore, maybe an average heat flow from the time when 

the source rock deposited to present is a better. 

 

Response: Thanks for your comment. In our revised section 3.3, the equation only 

shows that there exists a relationship between heat flow and organic matter type and 

the ASDL and cannot be used to precisely predict the ASDL of a basin. We argue that 

it is better to predict the ASDL with the criteria provided by our study (i.e. Ro=3.5% ± 

0.5%) through the basin modelling. Since the evolution processes of different basins 

are very complicated and the heat flow both in the present and in the geological past 

contribute to the thermal maturation of source rocks, it is therefore unnecessary to 

separate them if we only want to prove there is a relationship between heat flow and 

ASDL.  



 

(5) In conclusion 1 and 2, what is meaning of ASRL? Is this a typo or Does it 

represent something else? 

 

Response: It should be ASDL rather than ASRL. We are sorry for the confusion caused 

by the typo, and we will modify it in a revised manuscript. 

 

Short Comment #4 by Fengtao Guo 

General Comments: I find this manuscript is generally well written, structured, 

and illustrated. Some of the results are very interesting and thought-provoking. 

It puts forward the concept of “Active Source Rock Depth Limits (ASDL)”, and 

try to characterize the vertical depth distribution of discovered reservoirs. A 

huge of data has been systematically compiled around the world, especially the 

six key basins in China. The use of four methods to characterize and corroborate 

the ASDL, including the possibility to be used around the world, makes it more 

convincing. The controls on the ASDL are also explored and a quantitative 

model was established to predict the results. The study is very meaningful in the 

way that it is the first systematic attempt to work on the relationship of depths 

and hydrocarbon reservoirs, especially on such a huge scale around the world, 

with so much data. It brings this topic to our attention which should be studied 

before. The topic has great scientific values. It could help us to better 

understand why at a shallow depth there are no reservoirs in a basin whereas in 

some other basins, reservoirs are found in a much deeper layer. If proven, it will 

also help us to determine whether to drill a well to a certain depth. During my 

reading of this MS, I had several questions or suggestions for the authors. If they 

could help with them, I would really appreciate it. 

 

(1) The ASDL was mostly established with the data of six basins in China, 

although data of basins around the world (IHS, 2010) were later used to verify 

the ASDL. Is it possible to incorporate some basins outside of China in the 

process of establishing the model? I totally understand this is totally a data 

issue and the authors may not be able to get enough systematic data of basin 

around the world as in China. However, this could be an improvement, if 

possible. 

 

Response: Thanks for your suggestion. We agree with the reviewer that incorporating 



more basins into the model is much better for establishing a complete mode. As 

pointed out by the reviewer, however, we cannot get the geochemical data of source 

rocks like ours. 

 

(2) In section 3.3, the authors used the average values (heat value, depth, HI) of 

each basin to verify the model of ASDL, it is generally OK and understandable 

as there must be lots of data for each basin. However, is there still any possibility 

that some outliers may be present? If yes, how to explain them? 

 

Response: Thanks for your comment. In the model section (3.3), the HI value is given 

according to source-rock general property, while the average heat flow of each basin 

is sourced from numerous literature, and the average depth of ASDL for each basin is 

obtained from various indicators as proposed in the manuscript. Therefore, the 

average heat flow and depth of ASDL for each basin may be the source of some 

outliers which could be caused by experimental errors. However, we have discarded 

the outliers during the compilation of these data.  

  

(3) In section 3.4, the authors proposed the concept of Hydrocarbon Reservoir 

Depth Limit (HRDL), mentioning that “at some depth (Hydrocarbon Reservoir 

Depth Limit), the probability of drilling oil or gas reservoirs decreases to zero”, 

and talks a bit about the relationship between HRDL and ASDL. I think this is an 

important part as for a hydrocarbon reservoir to form, it requires both 

hydrocarbons from source rocks and reservoirs rock to accumulate. 

Unfortunately, very little was discussed on the HRDL in this point. If possible, 

could more details be added on this? 

 

Response: Thanks for your suggestion. The HRDL is modified as HADL in the revised 

manuscript, and we will add relevant content in the revised manuscript. The HADL is 

a newly proposed concept by the first author, which is influenced by many different 

factors and we will discuss it in the other paper. 

 


