
PALEONTOLOGICAL SUBSTRATE OF BEEKITE RINGS 

(ON THE EXAMPLE OF THE COLLECTIONS OF THE 

PHANEROZOIC INVERTEBRATES IN THE MINING 

UNIVERSITY, ST. PETERSBURG) 

Assoc. Prof. Maria Tsinkoburova1 
Viktor Slastnikov2 
Timur Khalimov3 
1, 3Mining university, St.Petersburg, Russia 
2Agate-geology LLC, St.Petersburg, Russia 

ABSTRACT 

Nowadays there is plenty of published mineralogical and geochemical 
literature, in which scientists are trying to explain the mechanism of the appearance 
of such a peculiar form of chalcedony as Beekite rings (special forms of silica, 
resulted by the secondary silicification of many fossils). From the paleontological 
point of view, Beekite occurs on various Phanerozoic invertebrates, mainly on 
Paleozoic brachiopods with a calcite skeleton. At the same time, it was repeatedly 
noticed that the partial silicification, typical in the formation of Beekite, is due to 
both environmental and biological factors. The authors discovered samples of the 
brachiopod of the suborder Syntrophiidina (genus Porambonites Pander, the 
Ordovician sediments of Baltoscandia) and some samples of the bivalves of the 
order of Dysodonta (specie Pycnodonte simile (Pusch), the Danian sediments of the 
Crimean Mountains), containing Beekite rings, in the collections of the Mining 
University. The representatives of the genus Porambonites Pander are characterized 
by their thin sculpture and numerous pits located between the costae. The collection 
shows different stages of the development of Beekite rings on brachiopod shells. 
The initial stage is characterized by the appearance of small rings (0,5 mm) on the 
shell's periphery; the ephebic stage is distinguished by the development of Beekite 
all over the shell. The appearance of Beekite rings also varies from poorly 
developed, almost unexpressed on the relief of the shell to embossed rings with the 
siliceous crust and bubbly formations with a very small diameter (0.1 mm). Specie 
Pycnodonte simile is characterized by thin concentric growth lines, special closely 
spaced near the external part of the left valve. Distribution of the initial centers of 
crystallization of aggregates was being controlled by concentric sculpture, clearly 
expressed in shell's micro-relief, and by features of valves microstructure. 
Taphonomic features of this species, such as the burial of separated valves 
contributing to the development of aggregates on both internal and external valves, 
favored the active siliconization. According to the previous investigations,the  
appearance of the rings and the intensity of their development depends on the 
amount of silica in solutions at this place and the character of the dissolution of 

Beekite rings on surface of shells of invertebrate is due to the features of the shells, 
i.s. more peculiar for specific minimal taxa. Flat concentric-zonal aggregates 



 
indicate the growth of Beekite rings in conditions of the sufficiently limited space 
for the crystallization of silica. These conditions were possible both in the still non-
litification sediment at the early stage of fossilization, and in the conditions of 
hypergenesis. Volcanic activity, bentonite interlayers, siliceous organisms were 
considered as a possible source of ones according to the previous investigations. 
The last two factors can be considered as presumably initiating the formation of the 
described structures in the situation with the Ordovician deposits of Baltoskandia. 
This is confirmed by both the appearance of multiple bentonite interlayers in the 
Ordovician deposits of the east of Baltoskandia and the formation of so-called 
sponge horizons. For the formation of Beekite rings on specimens of Bivalves from 
the Paleocene sediments of the Crimean Mountains, the biogenic factor was 
probably decisive. 
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INTRODUCTION 

By Beekite rings are implied concentric-zonal structures that develop on the 
surface of carbonate fossils as a result of their partial silicification. Earlier Beekite 
rings were also mistaken for fossils. These structures were named after the English 
botanist Henry Beeke who first noticed them. Beekite rings appear on the surface 
of the shells of various systematic groups of the Phanerozoic invertebrates: 
brachiopods, bivalvias, cephalopods, corals, etc. The stratigraphic range of the 
distribution of Beekite rings is also extremely wide, although most parts of the 
fossils with these structures are from the Paleozoic deposits [2]. Unfortunately, the 
formation of Beekite rings was more often dealt with from a mineralogical point of 
view, therefore the tafonomic, paleogeographic aspects of the formation of such 
structures were hardly considered. However the wide dissemination of these 
structures on the Phanerozoic fossils contributes to the intensification of interest in 
them and attempts to use horizons with fossils with Beekite rings to solve a wide 
range of geological problems. 

MATERIAL AND METHODS 

The authors in the collections of the Mining University revealed two groups of 
samples that have Beekite rings. The first group was found in the collections of 
various authors of the XIX century, devoted to the Ordovician invertebrates of St. 
Petersburg and Estland Governorates (modern Leningrad Region and Estonia). 
These are the brachiopod specimens of the suborder Syntrophiidina (genus 
Porambonites Pander): Porambonites (Porambonites) altus (Pander) and 
Porambonites teretior Eichwald. The second group is associated with the collection 
of Bivalves of the Department of Historical and Dynamic Geology of the Mining 
University represented by the species Pycnodonta (Phygraea) simile (Pusch) from 
the Danian sediments of the Crimean Mountains. 

Since samples Porambonites Pander were taken from the unique collections of 
the 19th century belonging to the Mining Museum were possible only studies that 
did not violate the integrity of the samples: the study of the surface of the shells 



 

under the binocular microscope. In addition, thin sections were made to determine 
the mineral composition and structure of the studied rings of the samples of 
Bivalves. An analysis of the elemental composition of one shell of Pycnodonte 
(Phygraea) simile was carried out using Raman spectroscopy in the St. Petersburg 
State University Resource Center under the guidance of a leading specialist K.A. 
Benken. During the investigations was used Hitachi TM3000 Scanning Electron 
Microscope for chemical analysis of the substance (microprobe study). 

GEOLOGICAL SETTING 

The detected specimens of Porambonites (Porambonites) altus (Pander) (Fig. 
1 a, b) were collected by Major Ozeretskovsky in the place Spitham (Estonia). This 
popular (in the 19th century) location of the Ordovician (then Silurian - approx. by 
Authors) invertebrates was a strip of coastal sands containing rounded pebbles of 
the Ordovician limestones and fossils [3]. The most outstanding Russian 
paleontologists (H. Pander, G.P. Helmersen, E. Eichwald and others) carried out by 
detailed paleontological collections on the northwest of the Russian Empire in the 
XIX century [6]. The whole, rounded shells Porambonites (Porambonites) altus 
were found in the Mining Museum collection. This species is characteristic for the 
Volkhov regional stage (Dapingian, Middle Ordovician) of Baltoskandia. 
Unfortunately, the revision of the genus Porambonites Pander was not done and the 
exact stratigraphic and geographical distribution of the described species is not 
known. 

 

Fig. 1. Porambonites (Porambonites) altus (Pander) a - general view; b - rings 
under a binocular microscope 

The samples Porambonites teretior Eichwald (Fig. 2 a, b) were identified as 
belonging to H. Pander's collection from the location Uchten (modern Uchtna), also 
located in northeastern Estonia. Currently this location is lost. Representatives of 
Porambonites teretior Eichwald species are found in sediments of the Kukruse 
regional stage (Lower Sandbian). 



 

 

Fig.2. Porambonites teretior Eichwald a - top view; b - top view under the 
binocular microscope 

Samples Pycnodonte (Phygraea) simile (Pusch) (Fig. 3 a, b) were collected 
from the interbed of siltstone light gray limestones belonging to the basal horizons 
of the Danian (the White-Stone regional stage, the south-western of the Crimean 
foothills, the Mai-Tepe or Danian cuesta). The collection includes only separated 
(exclusively left) valves. This species is common in the Maastrichtian and Danian 
sediments in Crimea, Danian sediments in Georgia, Maastrichtian, Danian and 
Thanetian sediments in Mangyshlak, the Upper Danian sediments in Poland, 
Thanetian sediments in Austria. 

 

Fig. 3. Pycnodonte (Phygraea) simile (Pusch) a - top view; b - top view under the 
binocular microscope 

In the collection of the Department of Historical and Dynamic Geology of the 
Mining University the authors also found samples with similar formations. There 
are samples of both this genus and other Cenozoic oysters of the Crimea. 
Unfortunately there is no geographical and stratigraphic binding of samples. 

 

 

 



 

THEORY/CALCULATION 

The most detailed features of the formation of Beekite rings were discussed in 
the book "Taphonomy..." [1]. As the main factors of selective silicification to which 
the Beekite rings can be attributed the above authors indicated the following: 

1. Paleontological factor determined by the chemical composition and 
microstructure of the replaced shells. A large amount of organic material in the 
composition of the shell, the ratio of carbonate minerals in favor of more resistant 
to dissolution of calcite, the presence of porosity, a certain nature of the structure of 
the shell (the preference of the fibrous structure of parallel-layered) contribute to 
silicification. All this determines the predisposition to the silicification of certain 
large taxa: classes, orders. 

2. Paleogeographic factor - the physical-geographical conditions at the moment 
are characterized quite widely. It is assumed possible the formation of such 
structures in both subaerial and aquatic conditions. Within the sea basins the 
possibility of the formation of such spheroids are considered in a wide range of 
depths from supralittoral zone to deep parts of the shelf and possibly the continental 
slope. 

3. Sequence stratigraphic position or the connection of horizons with fossils 
with Beekite rings with certain stratigraphic levels can be presumably considered 
as another historical and geological factor. According to preliminary observations 
quite often these described silicified fossils are fixed at the border of parasequences. 
Thus the appearance of layers with a silicified biota in turn can presumably serve 
as an additional stratigraphic criterion. There is another example of the connection 
of horizons with Beekite rings with  levels nearby to stratigraphic disagreements. 
This situation described N. Kazanci and B. Varol for alluvial Paleocene sediments 
of Central Anatolia [5]. 

4. Geochemical factor - volcanic activity, bentonite interlayers, siliceous 
organisms are considered as possible sources of silica. 

5. Tectonic factor - volcanic activity nearby as a factor often contributing to the 
silicificated fossils and, in particular, the emergence of structures such as the 
Beekite rings/ That's why this form of silicification are usually considered with 
tectonically active areas and foreland basins. However, a variety of collection 
materials do not confirm this assumption, demonstrating the widespread 
development of fossils with Beekite rings in platforms. 

6. Stratigraphic factor - despite the fact that fossils with Beekite rings are 
typical for all Phanerozoic deposits, there is a clear dominance of Paleozoic 
instances. This is due to the predominance of forms with a calcite skeleton among 
the Paleozoic biota, compared with the Mesozoic and Cenozoic, when forms with 
an aragonite skeleton became dominant among invertebrates. Due to the more rapid 
dissolution rate of aragonite shells, neither complete nor partial silicification often 
occurs. 

The main reason influencing the ambiguity of understanding the process of 
formation of Beekite rings is the polyvariance of the hypothesis of the formation of 



 
chalcedony and agate. One approach is based on the finding out of thermobaric 
conditions for the formation of chalcedony, based on the presence of water (or 
hydroxyls) in it. Thus, free pore water is lost at temperatures of 100 200 ° C. The 
most likely upper limit for the formation of chalcedony with helicoidal torsion of 
fibers is considered below this limit [4]. For the Jurassic agates of Namibia the 
temperature of formation was determined to be 85°C; however, according to other 
data, agates were formed at higher temperatures and pressures of 400°C, 340 Ba, 
100-300°C, 3 Ba [8].In Rakin's book  was determined the temperature of formation 
of agate about 33°C and pressure of about 100 atm. which correlates well with the 
cooling of the basalt cover with a capacity of 20 m and temperatures of 100-300°C. 
The most likely the possibility of chalcedony growth is in a very wide range of 
pressures, temperatures, and supersaturation of the solution.  

RESULTS AND DISCUSSION 

The brachiopods of Syntrophiidina suborder, Pentamerida order, 
Rhynchonellata class are characterized by a fibrous secondary layer, which, as 
mentioned above, is more favorable for the development of silicification of the type 
of Beekite rings. The key role here was probably played by organic shells, which 
contour each calcite crystal of this fibrous secondary layer. At the same time 
Pentamerida order is characterized by shells with a impunctate structure, to a lesser 
extent conducive to the development of silicification. Representatives of the whole 
family of Porambonitidae are characterized by a peculiar sculpture consisting of 
very thin radial ribs, small pits  and thin but sharp concentric growth lines, the 
combination of these elements often gives the surface of the sinks a kind of 
"reticulation". When studying shells of the genus Porambonites Pander under the 
binocular microscope there are two zones of localization of Beekite rings. The first 
zone, characterized by rings that are less distinct in the microrelief of the shell, is 
localized near the lateral edges and the anterior edge of the ventral and dorsal 
valves. In this case there is a banded arrangement of rings, the direction of the bands 
coincides with the direction of growth lines (Fig. 1.2 - b). The second zone is 
localized in the posterior part of the valve and is characterized by rings that are more 
pronounced in the microrelief of the shell. This part of brachiopod shells is 
distinguished by the most thickened secondary layer. 

There are also images of Porambonites (Equirostra) baueri Noetling with 
clearly visible similar Beekite rings on the site https://fossiilid.info/. These samples 
were also obtained from northeastern Estonia (Aluvere quarry), where, according 
to T. Maidla and L. Ainsaar [7], sandstone bentonite interlayers were recorded in 
the Sandbian sediments. In this situation this confirms the hypothesis of bentonite 
interlayers as a source of silica. However the Ordovician period is known as the 
stage of the Great Ordovician Biodiversification of many groups of marine 
invertebrates, both with siliceous (porifers) and carbonate skeleton. Taking into 
account the active development of the porifer in the Ordovician paleobasin of 
Baltoskandia (for example even so called "sponge" horizon  among the Sandbian 
sediments in the west of the neighboring Leningrad Region) paleontological factor 
that contributed to the formation of the Beekite rings in the region on these fossils 
is also not excluded. 



 

The microstructure of the shells of Pycnodonte (Phygraea) simile is 
characterized by the dominance of the layered type with rare intercalations inside 
the layered envelope of the vacuolar structure (characterized by irregularly shaped 
polyhedra of various sizes). The sculpture of the left valve consists of concentric, 
irregularly located growth lines. The active siliconation was favored by the 
taphonomic features of this species  the burial of separated valves, which 
promoted the development of aggregates of both the inner and outer surfaces of the 
valves. 

Initially two types of rings were distinguished on P. simile shells  volumetric 
and flat; however, in the course of research, it was revealed that seemingly flat rings 
are covered with carbonate material, which is easily removed with hydrochloric 
acid. Shells of bivalvia are contained in siltstone glauconitic crinoidal-bryozoan 
limestone. There are a carbonate (micrit) rock, basal cement, quartz grain fraction 
15%, plagioclase - 5%, glauconite - 10%, single biotite grains. Clusts are angular, 
medium size. The texture is massive. Bioclasts in the rock are represented by 
fragments of bivalve valves, fragments of bryozoan colonies, foraminifera, 
fragments of segments of crinoids. 

A microprobe study of the composition of P. simile shell and Beekite rings 
showed exclusively carbonate composition of the shell and siliceous composition 
of the spheroids (Fig. 4). 

 

Fig.4. a - analysis results of the carbonate shell; b - results of the analysis of 
siliceous spheroids 

The study of P. simile shells in thin sections showed that the mineral 
composition of the rings is full-crystal chalcedony, forming single generations (first 



 
order lamination) of spherulites with helicoidal torsion of fibers (second order 
lamination). The length of fibers in the generation is from 0.5 mm to 1 mm (Fig. 5).

 

Fig.5. Fibers of chalcedony. Crossed nicols 

The shape of spherulites is controlled by both geometric selection and shell 
relief overgrown with chalcedony. The banded distribution of Beekite rings is 
clearly observed according to the propagation of growth lines on specimens under 
the binocular microscope and in thin sections(Fig. 6). 

 

Fig. 6. The distribution of Beekite rings according to the spread of growth lines. 
Crossed nicols 

The absence of microzonalities in the studied samples in terms of the refractive 
index of chalcedony [9] indicates the constancy of supersaturation on the 
crystallization front during the growth of one generation of chalcedony. This can be 
explained by the active circulation of the supersaturated silica solution in the rock. 
The development of chalcedony spherulites in one plane parallel to the shell 
indicates the presence of a geometric selection that prohibits the growth of 
chalcedony spherulites in directions not parallel to the surface of the shell. The 
growth of spherulites in the cavity formed around the shell during leaching of the 
cement or shell material is most likely. 

The conditions and time of formation of the identified Beekite rings are 
ambiguous, the version is permissible both about the formation of structures before 
the diagenesis stage, at the early stage of the taphonomic cycle, and at the stage of 
hypergenesis. Arguments in favor of the latest version can serve as a "spotted" 
appearance of zones of such fossils, possibly confined to areas of increased 



 

fracturing and cavernous limestone. In such a situation, the source of silica could 
be jet meteoric water. The widespread distribution among the Crimean Cenozoic 
fossils of the Beekite rings indicates particularly favorable conditions for the 
formation of these structures. Perhaps the intense spread of this form of silica in the 
area is also due to hydrogeological features of the area. The Crimean peninsula is 
characterized by a wide development of various mineral and thermal waters. There 
are a high concentration of silicic acid in thermal waters, amounting to hundreds of 
mg/dm3. On the territory of the Crimean peninsula there are three hydro-mineral 
areas: Crimean Mountains, Kerch Region, Steppe (Plain) Crimea. Currently thermal 
waters of different composition are characteristic, first of all, for the Steppe Crimea 
and the Kerch region. In the Crimean Mountains mainly sulphate and chloride 
(partly thermal in depth) waters are developed. 

CONCLUSIONS 

1. The distribution of Beekite rings on the surface of the Phanerozoic 
invertebrate shells is controlled by the characteristics of the skeleton morphology, 
namely the nature of the microstructure and sculpture. , These features are 
diagnostic signs of both large and small taxa. At the same time, judging by the shells 
of the bivalves, the sculpture plays a leading role. Thus the appearance of the 
Beekite rings on the fossil surface is inherent in specific small taxa. 

2. As a source of silica for the formation of spherulites on Estonian brachiopods 
there could be bentonite layers or sponge horizons. 

3. As a source of silica for the formation of spherulites on the bivalvia of 
different ages on the Crimean peninsula there could be reactive thermal waters. 

The publication has been prepared in the context of a government order of 
Russia on "Forming of the integrated scientific and educational information 
complex based on the comprehensive research of the unique collections and exhibits 

018/8.9. 
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