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Abstract: Progress in science is significantly influenced by the treatment of information generated by
the international research community. A relevant problem is the unawareness of scientists regarding
more widely published works and ideas. This problem is illustrated with two examples from
geological studies. In the first case, the citation analysis implies that many geologists still use outdated
reconstructions regarding eustasy for the Mesozoic–Cenozoic, and important updates are missed.
This erroneous practice leads to the accumulation of questionable regional interpretations. In the
second case, it is found that studies in which the end-Pleistocene extraterrestrial impact hypothesis
was first proposed are cited more prolifically than contrary studies using arguments against this
hypothesis.A kind of ‘abandonment’ of this still debatable but potentially important hypothesis also is
found. The root cause behind such a patterns of unawareness by the research community is explained
by insufficient attention being paid by today’s geologists to critical literature reviewing, the rare use
of bibliometric approaches, and, more generally, limited theorizing (especially in comparison to social
sciences). A shift to full-scale theoretical geology is proposed, which would also help to minimize
any negative consequences brought on by unawareness of a more global information base.
Keywords: bibliometry; eustatic curves; knowledge gaps; Pleistocene event; theoretical solutions

1. Introduction
Advancement in science depends strongly on the characteristics of international, national,
and institutional research communities. Philosophers have described this dependence within the
framework of the social determination of scientific cognition and progress [1–5], but its appearance in
particular sciences and the solution of particular problems is yet to be fully understood. Technological
advances facilitate information distribution among scientists, but the overwhelming scale of new
information is, itself, a major challenge. The personal characteristics of researchers and socio-economic
factors (e.g., state funding of libraries and Internet availability) influence how the research communities
treat information. The links between researcher and research in such a specific and a somewhat
‘marginal’ science as geology (no longer taught in secondary schools, somewhat less popularized,
and not yielding broadly discussed findings as in medicine or physics) remain almost unknown.
It would be difficult to rule out the role of research community attitudes, beliefs, misconceptions,
perceptions, and values in the progress of modern geology, which deals with multiple objects of study
and is often based on subjective judgments and observations.
One of the biggest problems in the development of modern geology is linked to an apparent
insufficiency of awareness regarding the wider geological research community. For instance,
the geologic time scale has been significantly improved and refined since the mid-1970s, with significant
progress after 2000 [6]. However, outdated stratigraphical information persists in the geological
literature, including textbooks [7]. When mass extinctions and their potential causes are discussed (e.g.,
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extraterrestrial impact versus volcanism as the main cause of the end-Cretaceous catastrophe [8–14]),
the research community is only polarized and the normal mechanisms of hypothesis acceptance/rejection
function with serious difficulties [15]. Many geoscientists concentrate on fact collecting and the
application of ‘high-tech’ (e.g., geochemical) approaches. They follow only some developments by
other specialists. At least in part, this situation accounts for the above-mentioned issues with the
geologic time scale and the debate over causes of mass extinctions. However, these considerations are
preliminary and highly subjective. As such, perceived levels of unawareness need to be documented
properly in order for more definite and objective judgments to be made. In particular, citation analysis
of some key fields of study can help to understand the degree to which geologists are aware of big ideas.
The objective of the present paper is to document the unawareness of the international geological
research community based on two examples that seem to be representative. The first deals with the
usage of global eustatic reconstructions—a previous study argued that many researchers applying
‘classical’ models are not aware of their updates and alternatives [16]. The second case relates the
end-Pleistocene extraterrestrial impact hypothesis, which has been debated for more than a decade
without reaching any consensus [17]. Both examples are related to subjects that are debatable (often hotly
debatable) in leading international journals. A comprehensive study of citations on these topics in
such journals promises to register the relevant unawareness of the international geological research
community and to the roots of this unawareness. These examples permit a tentative insight into the
extent to which multiple interpretations linked to the eustatic mechanisms and the end-Pleistocene
events are correct. Moreover, the results of citation analysis of key articles allow the role of theorizing
in the modern geology to be addressed.
2. General Methodological Remarks
The problem of unawareness in the geological research community can be approached
differently—for instance, in the light of philosophical knowledge or by the use of sociological
methodology. Each can clarify any particular aspect of this problem. Bibliometry entails a set of
powerful techniques permitting the examination of various trends in science development with
indicators linked to the level of publishing activity by researchers. Its fundamentals, approaches,
perspectives, limitations, and applications were explained, particularly, in papers by Franssen and
Wouters [18], Gerdel [19], Giske [20], Motoyama and Eisler [21], and Prashar and Sunder [22]. In the
present paper, a simple bibliometric analysis is preferred for a sharp, quantitative illustration of the
above-mentioned problem. Herein, attention is focused on citations to some landmark works in
modern geology.
In the present treatment, all information on citations is taken from the major online bibliographical
database ‘Scopus’. On the one hand, this database includes articles from all top international journals
on geology and many national and local editions (including those published in languages other than
English). Currently, the number of the Earth and planetary sciences editions included in this massive
database exceeds 2000. Importantly, the lists of references available in these articles are also included in
the database, which allows for tracking the citations of the earlier-published works. Although ‘Scopus’
does not escape certain biases and incompleteness (no bibliographical database can escape them),
it provides a truly comprehensive baseline for various kinds of bibliometric analyses. One only needs
to take into account that this database better covers studies published since the mid-2000s than earlier
publications. Notably, this database offers user-friendly analytical panels. All information on citations
of the particular works survey in this study was collected in mid-April 2020.
The analytical procedures in this treatment are described as follows. In the first case, the level
of awareness by geologists regarding updates of highly important studies is examined. For this
purpose, the dynamics of citations of the original and updating works are compared. Unawareness
can be recognized where the number of citations of the updating work remains significantly lower
than that of the original work, especially if this is registered for five and more years. In the second
case, the geologists’ awareness of rejection of a highly challenging hypothesis is examined. For this
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purpose, the dynamics of citations of the hypothesis proposal and those studies that favor rejection
are compared. Unawareness can be recognized where the number of citations of the rejection work
remains significantly lower than that of studies favoring rejection. More detailed methodological
information (chosen works, citation counting, comparison of citations, etc.) is provided separately,
in each example considered below (this solution challenges the standard structure of a scientific work,
but it permits making the latter more logical).
Undoubtedly, the context of citations (i.e., their meaning) can be very different. In some cases,
studies are cited in the following papers only for historical and general (quasi-theoretical) purposes of
reference. In the other cases, earlier developments can be used as ‘standards’ in later studies (for instance,
when global ‘standards’ need to be applied for deciphering regional patterns). Addressing these issues
would be important, but this is very challenging (if possible) due to the huge amount and partial
availability of the literature sources. After the removal of these cases, more in depth analyses involving
the content of the cited and citing works remain for further investigations. This study has a focus on
the general citation dynamics that show a general awareness of the geological research community of
the published works, irrespective of how this awareness affects current research. Anyway, the possible
influence of the factor of the citation context is taken into account when the results are interpreted.
3. Case A: Eustatic Reconstructions
Since the end of the 1970s, significant advances in the understanding of the past global sea-level
(eustatic) changes have been made. In addition to the ‘pure’ theoretical importance of this knowledge,
the latter is necessary to decipher controls of basin-scale stratigraphical architecture to solve some
practical tasks, including hydrocarbon exploration. The rise of sequence stratigraphy could not
be possible without the noted advance. Progress in understanding eustasy has not been ‘linear’.
In contrast, it is marked by several ‘splashes’ and outstanding achievements. The most important
was the publication of the detailed Mesozoic–Cenozoic eustatic curve at the end of the 1980s by
Haq et al. [23,24]. This reconstruction has remained a reference for numerous global, regional, and
local studies. Correspondence of basin-scale sea-level changes to those depicted on this curve is
regarded as evidence of the prevalence of global control on regional sedimentation, whereas the
absence of such a correspondence favors the prevalence of local tectonic activity and changes in
accommodation space.
During the more than 30 years after the publication of the ‘classical’ reconstructions by
Haq et al. [23,24], the two principal works by these specialists have accumulated a total of
>7000 citations, which is almost unprecedented for geological articles. However, this does not
mean such reconstructions represent ‘final’ developments. In contrast, some different, even alternative
reconstructions have been proposed [25–33]. Moreover, Haq and his co-workers themselves updated
their reconstructions, i.e., they have improved the knowledge of duration and magnitude of global
sea-level changes, extended their curves to the Paleozoic, and employed refined geologic time scales.
In the mid-2000s, Haq and Al-Qahtani [34] developed the Phanerozoic sea-level curve for Arabia and
proposed a new global curve. A bit later, Haq and Schutter [35] re-worked the Paleozoic eustatic
reconstruction. Thus, anew ‘splash’ occurred in the mid-2010s. In 2014, Haq [36] presented the updated
Cretaceous reconstruction, followed by his updates for the Jurassic [37] and the Triassic [38]. In order
to consult the most current version of the entire Phanerozoic eustatic curve, modern geologists need to
consider several works, namely [35] for the Paleozoic, [38] for the Triassic, [37] for the Jurassic, [36] for
the Cretaceous, and a part of the ‘old’ curve [34] for the Cenozoic. The ‘classical’ reconstructions [23,24]
are no longer valid.
Even so, may geologists still refer to the ‘classical’ reconstructions of Haq et al. [23,24] without
considering their updates. This represents a pattern of research community unawareness. The question
under consideration is the degree unawareness and, thus, its influence on modern science. To evaluate
the degree of observed unawareness, citation dynamics are analyzed for each ‘classical’ work [23,24]
and each updating work [34–38]. The number of the relevant citations is counted for all years since
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1987 when the first ‘classical’ work [23] was published. For better clarity, several specific parameters
are considered, namely S1 (the sum of citations of two ‘classical’ works), S2 (the sum of citations
of the updating works dealing with the Mesozoic–Cenozoic interval [34,36–38]), S3 (S2 corrected
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Figure 1. Changes in the number of citations of the eustatic reconstructions by B.U. Haq and
his co-workers.
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Of interest is the relative number of the works citing both the 'classical' and updated papers. It
is established that the number of papers citing both [23] and [34] is less than 5% of the total amount
of the works citing these papers since 2005 (the year of publication of [34]). Similarly, the number of
papers citing both [34] and [35] is ~5% of the total amount of the works citing these papers since 2008
(the year of publication of [35]).These findings reflect the small number of researchers who concern
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Of interest is the relative number of the works citing both the ‘classical’ and updated papers. It is
established that the number of papers citing both [23] and [34] is less than 5% of the total amount of
the works citing these papers since 2005 (the year of publication of [34]). Similarly, the number of
papers citing both [34] and [35] is ~5% of the total amount of the works citing these papers since 2008
(the year of publication of [35]). These findings reflect the small number of researchers who concern
themselves with the very latest update onthe eustatic reconstructions. Interestingly, those preferring
the updated reconstructions often do not refer to the earlier works (>70% of the works citing [34]
do not refer to [23], and >90% of the works citing [35] do not refer to [34]). In rare cases, this can be
explained by journal rules limiting the number of references.
The results on citation patterns presented above imply that the research community is aware
of the ‘fresh’ version of the Paleozoic eustatic reconstruction, but it is sufficiently unaware of the
updates regarding the Mesozoic–Cenozoic eustatic reconstruction. Even if we were to consider that
some geologists cite the works by Haq et al. [23,24] for historical reasons and then use the updated
versions [34,36–38] for their research purposes, it is still clear that the number of the articles citing only
the ‘classical’ works is enormously large, and it was even more so until the mid-2010s (see difference
between S1 and S2/S3 on Figure 2). One can also suppose that it is a consequence of authors of
review-type papers to cite the ‘classical’ works, but the number of such papers among all papers citing
the main work by Haq [23] is less than 4%, and it cannot explain so numerous citations.
Generally, these results signify that authors of hundreds of papers have referred to the outdated
eustatic reconstructions and continue todo so. Hundreds of journal reviewers and dozens of editors
have not recognized this problem and allowed the accumulation of questionable interpretations based
on outdated models. The extraordinarily high degree of unawareness by the entire international
geological research community is revealed, and this may have serious consequences. For instance,
the use of outstanding eustatic reconstructions for deciphering the stratigraphical record of a given
sedimentary basin can lead to a conclusion that the regional sea-level cyclicity and/or its magnitude
corresponded well to the global eustatic changes, whereas such a correspondence may be less evident
(or absent) when the revised curves are considered. The erroneous interpretations can persist for years
and decades until new investigations will be undertaken. Concerning how many papers still refer to
the ‘classical’ curves by Haq et al. [23,24], it appears that a significant portion of current geological
knowledge could be based on the outstanding interpretations. Importantly, this portion will only
increase, as there is no evidence of any decline in the number of citations of the original works relative
to the updated works (Figure 2). Significant unawareness leads to a ‘messy’ style of research and
less reliable conclusions. The situation is much better in regard to the Paleozoic (Figure 3). However,
any future update of the curve proposed by Haq and Schutter [35] may result in the same problem
registered for the Mesozoic–Cenozoic interval.
4. Case B: End-Pleistocene Extraterrestrial Impact
The end-Pleistocene events, including climatic perturbations (Younger Dryas cooling) [39–41]
and megafaunal extinctions (disappearance of mammoths, ground sloths, etc.) [42,43] have attracted
significant attention of geologists for decades because of their ‘sudden’ character and unclear causes.
A new round of debates began at the end of the 2000s, when Firestone et al. [44] proposed a hypothesis
of the end-Pleistocene extraterrestrial impact to explain a chain of the noted events. The first reaction
by the research community was somewhat mixed (e.g., [45,46]). The evidence in support of this
hypothesis [47–59] and against it [17,40,60–67] accumulated in the following years, and debates
have continued despite some attempts to proclaim this hypothesis as ‘finally’ rejected. From all the
relevant literature that continues to grow, three papers seem to be especially important. These are
the original (hypothesis proposal) study by Firestone et al. [44], the article by Haynes [45] where he
judged the hypothesis to need testing, and the review by Surovell et al. [66], where arguments against
this hypothesis were gathered (importantly, Haynes is among the co-authors of the rejection camp).
The outstanding character of these papers is underlined by the total number of their citations relative
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to the other publications (350 citations of [44], 153 citations of [45] and 90 citations of [66]). Importantly,
these basic papers were published at the end of the 2000s, and the tracking of their citation dynamics
allows forthe analysis of the research community’s awareness of the hypothesis through the 2010s.
While a hypothesis remains debatable, the research community should be fully aware of the
arguments pro et contra. Therefore, the proposal and rejection papers should be cited more or less
equally. Alternatively, a kind of unawareness takes place. The results of citation analysis in this case
are presented in Figure 4. The article by Firestone et al. [44] gained numerous citations in two years
after its publication, which was followed by a decline in the citation rate (nonetheless, it is cited in
those papers presenting new research, not only in review-type papers for historical reasons). Much the
same pattern occurred with the work by Surovell et al. [66] that marshalled arguments against the
hypothesis. Interestingly, the paper by Haynes [45] remained relatively well-citable through the entire
2010s. A comparison of citation dynamics allows three notable inferences. First, the proposal paper
was cited more actively than the rejection paper (Figure 4). This can be interpreted as a kind of ‘shock’
or ‘fascination’ of the research community by the hypothesis. One can note that a larger number of
rejection papers was published [17,40,60–67], i.e., the specialists who wished to consider the hypothesis
critically could cite different rejection papers. However, the majority of the latter appeared later, i.e.,
in the 2010s (add also up to two years for citing them), and, thus, the paper by Surovell et al. [66]
remained the main source of arguments against this hypothesis. Second, one can note more active
citations of the paper by Haynes [45] containing doubts about the end-Pleistocene extraterrestrial
impact scenario, but leaving this hypothesis some chance (in contrast to the later rejection work by
Surovell et al. [66], with Haynes as a co-author). This supports evidence of sufficient unawareness by
the international research community. Third, the very decline in citations of Firestone et al. [44] and
Surovell et al. [66] in the second half of the 2010s (Figure 4) appears to be strange, as the hypothesis
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The relative proportion of works citing both the proposal and rejection papers is small. It is 23%
for the sources [44] and [45] (since 2008, when [45] was published), 19% for the sources [45] and
[66](since 2009, when [66] was published), and 27% for the sources [44] and [66] (since 2009, when
[66] was published). This implies that the very challenge of the previous ideas is relatively rarely
addressed.
The information on citations of the basic articles on the end-Pleistocene extraterrestrial impact
hypothesis indicates a relative vacuity in the awareness of the international research community.
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The relative proportion of works citing both the proposal and rejection papers is small. It is 23%
for the sources [44] and [45] (since 2008, when [45] was published), 19% for the sources [45] and [66]
(since 2009, when [66] was published), and 27% for the sources [44] and [66] (since 2009, when [66] was
published). This implies that the very challenge of the previous ideas is relatively rarely addressed.
The information on citations of the basic articles on the end-Pleistocene extraterrestrial impact
hypothesis indicates a relative vacuity in the awareness of the international research community.
Although both the proposal and rejection papers have been relatively well-cited, it is evident that the
hypothesis is not considered by geologists in a balanced way. Many papers that refer to this hypothesis
are neutral to its approval or disproval, i.e., the authors mention this hypothesis as nothing more than
a notable piece of the knowledge. In this case, it would be reasonable to expect that they cite the basic
works with arguments pro et contra. However, citation records show this is not true (Figure 4). This and
other kinds of unawareness by the research community (see above) may have serious consequences.
In the long-term, critical comments will be judged as more and more ‘marginal’, the strength of
arguments against this hypothesis will be moderated by relatively more frequent consideration of the
work where the hypothesis is claimed to be tested, and the gradual ‘abandonment’ of the hypothesis
(although not tested fully) will contribute to the unnecessary accumulation of probabilistic knowledge.
5. Discussion
The two examples of unawareness in the research community raise questions as to its origin in
modern geology. Apparently, insufficient awareness documented by the citation records sheds light on
the problems pertinent to literature gathering, the critical examination of the previous works, and,
more generally, theoretical advances in geology. This problem becomes even more evident in the
comparison of geological articles with those on social sciences in top international journals. A typical
geological research is chiefly fact-based, with significant attention being paid to methodology and novel
results (field and laboratory findings). Theoretical considerations play a secondary role. Geological
theory includes general knowledge (‘textbook knowledge’), reviews of facts, and classifications that
are often intuitive. Such an approach makes comprehensive and critical consideration of the literature
less important, which leads to the unawareness of some works/ideas as demonstrated by the examples
considered in the present paper. The situation is very different in the social sciences. Although empirical
research dominates there too, a typical economical or sociological article usually bears not only a synopsis
of the previous developments, but also their critical consideration and conceptual treatment. Moreover,
literature reviews (to be distinguished from fact reviews) are much demanded by editors and are more
frequent in the social sciences [68,69]. These factors do not only increase the awareness of the relevant
research, but also allow for the systematization of information and generation of new knowledge.
For instance, Weinfurtner and Seidl [70] reviewed comprehensively and systematized thematically
the previous literature on organizational space management and provided new conceptual models.
One should also note the important role of bibliometry-based studies that contribute substantially
to the research community’s awareness in social sciences (typical examples are [71–73]), as well as
‘purely’ theoretical works with re-consideration of the previous ideas (e.g., [74,75]). In contemporary
geology, similar research also exists, but in subordinate amounts (rare examples include, in particular,
the papers by Camargo et al. [76], Chiu and Ho [77], Gizzi [78], Liu et al. [79], Marx and Bornmann [80],
and Stead and Wolter [81], as well as some works on sequence stratigraphy [82–84]).
The social sciences differ essentially from geology and other natural sciences, but it appears that
the over-dominance of fact-based research without in-depth theorizing stimulates a specific, somewhat
‘chaotic’ [16] character in scientific progress with growing gaps in the awareness by the research
community. It is relevant to add that critical literature reviews, bibliometric analyses, and various
theoretical developments are not typical to only social sciences, but these are also very popular in
medicine and the environmental sciences. Generally, a shift from geological theory only to theoretical
geologyis proposed (Figure 5). Of course, this does not mean less attention is paid to facts, but such
a shift would facilitate progress in science via critical literature reviews, bibliometric approaches,
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‘penetration’ of the outdated eustatic models into regional studies. In conditions of modern geology,
it is necessary to wait until any geologist collects new data in a given region and decides to plot her/his
interpretation against the eustatic curve. However, it seems to be much more efficient to not wait
for new data, but ‘simply’ to re-interpret the already published material in the light of the eustatic
update. Spreading theoretical geology and the relevant quantitative and qualitative development of
research lines (increase in the number of the relevant research projects and publications and deepening
of the conceptual treatment of geological information) will allow for the publication of such a study
in any international journal. In case B, one consequence of the registered unawareness is hypothesis
‘abandonment’. The over-dominance of fact-based research does not leave much chance for hypotheses
to be debated over a long time because these do not form are liable basis for factual interpretations.
However, a broad theoretic vision opens other ways for the utilization of such hypotheses. On the
one hand, the very discussion of the hypotheses brings new geological information (not necessarily
related strictly to the hypothesis ‘core’), contributes to methodological improvements and innovations,
stimulates conceptualization of the knowledge (via clear distinction between hypotheses and theories),
and helps to recruit young scientists. On the other hand, all evidence relevant to the end-Pleistocene
extraterrestrial impact hypothesis (irrespective of whether this evidence proves or disproves the latter)
implies that the end-Pleistocene environments are debated in much the same way as the other critical
boundaries in the Phanerozoic (with attention to extreme events—extinctions, impacts, volcanism,
climate changes, etc.) [46,86,87] that may be very important to discuss the hierarchical status of
the Quaternary, its subdivisions, and the order of the Pleistocene/Holocene boundary due to the
formalization of the Anthropocene unit [88–93].
This study bears discussion of yet another issue, namely the relative importance of open-access
publications. The ‘classical’ papers on eustasyby Haq et al. [23,24] and Firestone et al. [44] were
published in traditional, subscription-based journals (these appeared before the ‘era’ of open access).
As for the updating and rejection papers (see above), these were published in both subscription-based
and open-access editions. Although one can argue that the registered unawareness means that
the better accessibility of the newer works does not guarantee their active distribution among the
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international readership, such an interpretation is not plausible in regard to the cases considered in
this study. In fact, the ‘classical’ works are thought to be so important that their free-access versions
are available by Internet, and, thus, these do not differ from the papers published in the open-access
editions. The appearance of ‘classical’ works in prestige journals with high impact factor ‘equates’ their
accessibility to the papers in the open-access editions.
6. Conclusions
The present study permits some tentative insights into the problem of unawareness within the
modern geological research community. Three main conclusions are as follows:(1) many geologists
are unaware of updates regarding the famous Mesozoic–Cenozoic eustatic reconstructions; (2)
the arguments pro et contra of the end-Pleistocene extraterrestrial impact hypothesis are cited
disproportionally; (3) some deficit of awareness of literature and ideas can be linked to problems with
theorizing in modern geology (especially in comparison to social sciences). More generally, the citation
analysis undertaken herein regarding some landmark papers demonstrates that scientific cognition and
progress in modern geology fails to avoid serious deficiencies. The noted unawareness of knowledge
updates and important ideas rooted in ‘marginalized’ theorizing drives the science in a harmful way
and, at least, produces some amount of questionable, ‘chaotic’ knowledge. Geologists need to look to
the literature on social sciences in order to learn how to escape many pitfalls in the progress of their
own science.
The observations and the thoughts presented in this paper are preliminary because of three
limitations. First, only two examples are considered. Second, only relatively simple citation analysis is
undertaken. Further research should explore geographical and by-journal distribution of citations.
This may provide a lot of interesting insights, although, most probably, the results of such analyses
will show an even greater unawareness of the international research community. Third, the opinion of
geologists should be investigated with questionnaires, interviews, etc. (the relevant methodologies
need development in the future). The less completeness of the ‘Scopus’ database for the years
before the mid-2000s is not a serious limitation to the present citation analysis because significant
unawareness was registered also for the 2000s and the 2010s. In any case, the results of the present
study imply that the problem of the research community unawareness in the contemporary geology
is very significant, and its solution may require serious reconsideration of widely practiced research
patterns. Moreover, even such preliminary observations and thoughts recommend to geologists,
including those selected as reviewers and serving as journal editors, that greater attention be paid to the
previous research and publications. This applies, as well, to caution in the avoidance of theory-based
in geological investigations.
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