Time in Karst: a biostratigraphic perspective
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Almost 150 years ago Louis Aggassiz demonstrated that there are only three essential methods by which the natural sciences can operate: comparative, ontogenetic and palaeontologic. Major differences between them are in the way in which the time component of phenomena is considered.  The aspect of time is excluded from the scope of the comparative method: an act of comparison as well as its results are the mathematic structures open to further comparisons and testing. They are instant sources of formally objective nomological-deductive hypotheses largerly invariant to contextual changes. The ontogenetic method operates with the phenomena whose temporality can be eywitnessed by our personal presence and immediately expressed in terms of a smooth continuous time scale, corresponding to exposure of time in common life.  The outputs of the ontogenetic method are the historical-narrative hypotheses whose reliability is entirely determined by the reliability of particular observer and the observation techniques.  The paleontological method is the way to treat the phenomena for which a temporality is an essential trait of them but stays far beyond the scope of the ontogenetic method. Almost all the phenomena within the scope of this symposium fall in the domain of the palaeontological method and our comprehension of them is thus potentially biased by essential inconsistency of palaeontological method. 

These phenomena can be well mutually compared but their temporality can only be derived of the assumption that the difference revealed by an act of comparison is an instant function of time. Of course, the fossil record, including that relevant for study of karst phenomena, is almost never continuous. On contrary, it is fragmentary in more respects and its density exponentially decreases with time distance.  Moreover, as pointed out by Eldredge and Gould (1972), in large time scales, the fossil record exhibits the punctuated equilibria pattern:  alternation of sudden large-scale rearrangements with long periods of stasis. In other words, the time scale generated by fossil record is in no way smoth and continuous but discrete and non-linear. Exactly the same is apparently valid for dynamics of  karst development and the record that is available for its study. 

The major problem  of the paleontologic method and dating karst phenomena lies in absence of a direct feed-back control over reliability of the  empirical ordinance relations between outputs of comparative analysis and time. Of course, these relations can be biased in many ways and the proposed time datum is never exact but a mere estimate which confidence limits should be specifically discussed in every single case. The methodological syllogism often applied in order to prevent possible dating bias is „count from top stratigraphy“: choosing the upper confidence limit , least distant from now, as a real datum. Traditional application of that technique in „safe“ dating is seemingly the more pertinent the less complete the record is and  less robust its dating power is.   This may lead to extensive underestimation of the real time span of the phenomena being studied. In dating of karst phenomena  the respective bias is even more serious because what is available for study is not the true karstification events and/or the processes producing them but in most instances merely the epiphenomena of their past incidence (infillings of underground cavities, speleothemes etc.).  Any data obtained from karst infillings and/or any other karst phenomenon is thus necessarily „a possible minimum age“ , i.e. the upper most confidence limit of karstification stage. 

Regardless of various instrumental techniques, biostratigraphy remains to be the most significant source of dating particularly for time slices of distant past. Of course, just from them, the fragmentarity of fossil record is greatly pronounced, in general, and any effort of biostratigraphic dating must hence be performed in full respect to this fact. 

The procedure of biostratigraphic dating includes the following steps: (i) a careful comparative analysis undertaken both with the morphometric characteristics of all items composing the respective record  and with taxonomic and structural composition of the sample.  The reliability of the result clearly depends not only on extent of the data obtained from the record under study but even more importantly on the quality and extent of the data taken in comparison (both recent and fossil),  (ii) transcription of the specificities of the record revealed by step (i) into terms of its time distance from well dated records. As the rules of the respective transcriptions are essentially quite specific for each particular taxon and even each trait under study, the procedure (ii) actually results in a large set of different data with greatly variegated confidence limits. The next step should hence include (iii) a comparison of  them and application of the techniques discriminating their actal meaning and producing the consensus date. An instant summary of previous comparisons is provided in form of a biostratigraphic system: a set of ordinance rules regarding the phenomena repeatedly revealed in multiple previous analyses. With a formal biostratigraphic system, a practical performance of the step (iii) is essentially simplified namely in that it reduces amount of the comparative effort to be performed onto answering few questions put by definitions of particular units of the respective stratigraphical system. Such an approach works quite well and effectivelly if the fossil record in study is rich and reliable in respect to representation of particular index fossils and, at the same time, of course, if the biostratigraphic system applied is actually responding to the purpose. This means that its units must be sufficiently well defined and balanced with respect to local and temporal variations in the criteria discriminating them. The finer the time scale on which the biostratigraphic system operates the lesser is its reliability beyond the geographic limits of its type area. Simply said, the absolute reliability is not granted for any biostratigraphic system and its dating power is the smaller the less representative is the actual fossil record. Unfortunately, this is the typical case in the study paleokarst phenomena. Offten we obtain only few poor fragments belonging to the taxa not representing real index fossils. Such cases requires application careful case-specific analyses by a well trained palaeontologist, including ad hoc reconsiderations of confidence limits for any possible date that would come in account. It rests upon the karst scientists, of course, to claim such a challenging approach from the palaeontologists cooperating in the study and to expect from them a detailed accounts of the possible confidence limits for the final date they propose. With respecting the above rules, the biostratigraphic approach will undoubtedly continue to play its essential role among the tools by which the information on time in karst is gained. 
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