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Introduction
The study of the structure and composition of conodont 

bioapatite has yielded useful results. Conodont elements 
are used as a geochemical archive of seawater O and Sr 
isotopic composition (e.g. Luz et al., 1984; Joachimski, 
Buggisch, 2002; Kürschner et al., 1992; Trotter et al., 1999; 
Griffin et al., 2021). The carbon isotope composition of 
conodont elements promises to be a useful tool for 
reconstructing conodont ecology and trophic structure of 
Palaeozoic pelagic ecosystems (Zhuravlev, 2020, 2023). 
The Ca/Sr ratio and Ca isotope composition in conodont 
apatite likely reflect the position of the conodont in the 
food web (Balter et al., 2019; Zhuravlev et al., 2020).

The results of conodont elemental chemistry studies 
face the problem of distinguishing between primary and 
secondary geochemical signals. Usually, the thermal 
alteration revealed by CAI and the conodont elemental 
surface evaluated by SEM are the only features used to 
evaluate secondary changes of conodont element matter. 
SEM-EDS has low sensitivity for the precise study of likely 
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Conodont elements are used as a geochemical archive of seawater. Some compositional features of conodont elements reflect 
conodont ecology and trophic structure of Palaeozoic pelagic ecosystems. However, the screening of conodont elements prior to 
geochemical and/or isotopic studies is a real problem. This study evaluates SEM cathodoluminescence (SEM-CL), which is very 
sensitive to the REE and Mn content of apatite, for the detection of traces of secondary transformation in the composition of conodont 
bioapatite. The SEM-CL of conodont elements is similar to that of unaltered shark teeth (blue-violet), but differs significantly from 
that of fossil vertebrate teeth (orange-red). Thermal alteration has little effect on the SEM-CL. Elements with a CAI of 1—1.5 show 
a redder and more intense CL than elements with a CAI of 5. In the case of corrosion of the conodont element surface in carbonate 
host rocks, the CL of the outer parts of the conodont element become reddish due to invasion of the carbonate material. Conodont 
elements from the clay host rock show deep purple SEM-CL. Thus, SEM-CL allows detection of the results of secondary processes in 
conodont mineralised tissues, including enrichment by REE and/or Mn, corrosion and contamination by carbonate material. This 
method can be used to screen significantly altered samples prior to chemical and isotopic analyses.
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Конодонтовые элементы широко используются в качестве геохимического архива морской воды. Некоторые композицион-
ные особенности конодонтовых элементов отражают экологию конодонтов и трофическую структуру палеозойских пелагиче-
ских экосистем. Однако скрининг конодонтовых элементов перед геохимическими и/или изотопными исследованиями представ-
ляет собой реальную проблему. В данном исследовании оценивается катодолюминесценция (SEM-CL), очень чувствительная к 
содержанию REE и Mn в апатите, для обнаружения следов вторичного преобразования в составе конодонтового биоапатита. 
SEM-CL конодонтовых элементов сходна с таковой неизмененных зубов акул (сине-фиолетовый цвет), но значительно отлича-
ется от таковой ископаемых зубов позвоночных (оранжево-красный цвет). Термическое изменение влияет на SEM-CL конодон-
товых элементов в незначительной степени. Конодонтовые элементы с ИОК = 1—1.5 демонстрируют более красноватую и более 
интенсивную катодолюминесценцию по сравнению с элементами с ИОК = 5. В случае коррозии поверхности конодонтовых эле-
ментов в карбонатных вмещающих породах SEM-CL внешней части конодонтовых элементов становится красноватой из-за вклю-
чений карбонатного материала. Конодонтовые элементы из глинистой вмещающей породы демонстрируют темно-фиолетовый 
цвет SEM-CL. Таким образом, SEM-CL позволяет выявить результаты вторичных процессов в минерализованных тканях конодон-
тов, включая обогащение REE и/или Mn, коррозию и загрязнение карбонатным материалом. Этот метод может быть использован 
для выявления значительно измененных образцов перед проведением химического и изотопного анализов.
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geochemical exchanges between conodont elements and 
surrounding matter (ambient water, pore water and host 
rock). Therefore, screening of conodont elements prior to 
geochemical and/or isotopic studies is a practical issue 
(e.g., Zhuravlev & Shevchuk, 2017; Zhuravlev, 2023).

Cathodoluminescence (CL) is widely used to study 
minerals and single crystals (e.g. Richter et al., 2003; Götze, 
2012). In particular, CL is used to study the composition 
of apatite. This method is very sensitive to the REE and 
Mn content of the apatite (Richter et al., 2003). Elevated 
Mn and REE concentrations induce orange to violet 
cathodoluminescence (CL) of this mineral (Ségalen et al., 
2008; Wierzbowski, 2021). Cathodoluminescence analysis 
is used to assess the state of preservation of vertebrate 
teeth and conodont elements (Wierzbowski et al., 2021; 
Wierzbowski, 2021). The influence of diagenetic alteration 
on the chemical composition of bioapatites is well known 
(Wierzbowski, 2021). Therefore, CL appears to be useful 
for detecting traces of geochemical exchange between 
conodont bioapatite and surrounding media. Thus, CL can 
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be used to assess secondary changes in the composition 
of bioapatite. In addition, the sensitivity of CL to differences 
in organic content and crystalline structure of apatite 
makes it possible to use CL as a tool for the detection of 
conodont element tissues.

The aim of this work is to evaluate CL as a tool for the 
study of conodont element histology and to assess the 
preservation of conodont element matter and the likely 
uptake of elements from host rocks.

Material

The study material comes from the Tournaisian (Lower 
Mississippian) shallow-water carbonate platform 
successions (sections in the Kamenka River basin, east of 
the Pechora Plate, northern Cis-Urals) and the deep-water 
succession (section in the Konstantinov Creek section, Cis-
Polar Urals) (fig. 1).

16 polished sections of conodont elements of different 
morphology and preservation were examined by SEM, 
SEM-CL and light microscopy. Seven conodont elements 
from the Kamenka River sections have a CAI of 1, and nine 
conodont elements from the Konstantinov Creek section 
have a CAI of 5 (P1 elements of Siphonodella quadruplicata 
(Branson et Mehl) and Hindeodus crassidentatus (Branson 
et Mehl), and S element of Idioprioniodus sp.) (fig. 2). Among 
the conodont elements with CAI = 1, two elements (S and 
M) are from a clay host rock (figs. 2.9 and 2.10) and five 
elements (P1 of Polygnathus parapetus Druce) are from the 
limestone host rock (figs. 2.12—2.15). In addition, five 
conodont elements (Pelekysgnathus isodentatus Aristov, 
Bispathodus stabilis (Branson et Mehl) Morphotype 1, 
Polygnathus communis communis Branson et Mehl, and 
Pseudopolygnathus graulichi Bouckaert et Groessens) of 
different surface quality, including calcite inclusions, were 
examined (fig. 3).

Methods

Processing of limestone samples followed the standard 
procedure documented by Harris and Sweet (1989) 
(dissolution of limestone in 10% buffered acetic acid). Clay 
samples were dispersed in hot water. The residue was 
washed through a 70 µm sieve, dried and the conodont 
elements were collected.

The specimens were mounted in low molecular weight 
epoxy resin based on Bis A (CHS-EPOXY 520), ground and 
polished. The specimens were ground using UltraPrep 
(Buehler) diamond grinding discs before polishing with 
MasterPrep Sol-Gel alumina suspension. The polished 
surface was ultrasonically cleaned for 30 min. The polished 
slab was coated with C for sample conductivity in the SEM.

Light microscopy combined with SEM was used to 
examine the surface of the conodont elements for corrosion 
and the polished sections for hard tissue distribution and 
texture.

EDS and SEM analyses of polished sections provide 
data on the texture and composition of conodont hard 
tissues. These analyses were carried out using an Axia 
ChemiSEM (Thermo Scientific). EDS analysis was performed 
on the same SEM equipped with a TrueSight X EDS detector.

SEM-CL analyses were performed using an Axia 
ChemiSEM (Thermo Scientific) at an accelerating voltage 
of 20 kV, a working distance of 10 mm, a beam current of 

Fig. 1. Locality map: 1 — Kamenka River sections, Pechora 
Basin; 2 — Konstantinov Creek section, Cis-Polar Urals

Рис. 1. Схема расположения разрезов: 1 — разрез на  
р. Каменка, Печорский бассейн; 2 — разрез на руч. Конс- 

тантинов, Приполярный Урал

1.2 ×10–9  A and a dwell time of 3×10–5 s. The colour of the 
CL was evaluated on a triple plot in RGB coordinates, pro-
viding a semi-quantitative analysis of the CL. Increasing 
the acceleration voltage from 20 kV to 30 kV resulted in a 
certain red shift (in RGB coordinates) of the CL of con-
odont elements. Therefore, the RGB coordinates of the CL 
of the specimens were analysed only for the accelerating 
voltage of 20 kV. CL images obtained at 30 kV accelerat-
ing voltage were used for illustrations only.

Sample preparation, CL, EDS and SEM analyses were 
performed at Center for Collective Use of Scientific 
Equipment "Geonauka" of N.P. Yushkin Institute of Geology 
FC Komi SC UrB RAS (Syktyvkar, Russia). Original soft-
ware was developed for the preparation of the triple dia-
gram in RGB coordinates. Image analysis was performed 
using ImageJ software (Schneider et al., 2012).

Results

Optic microscopy and SEM
Under light microscopy and SEM, the studied con-

odont elements show good preservation and no traces of 
re-crystallisation, with the exception of one specimen 
(Polygnathus parapetus Druce from sample 122-3/16). This 
specimen has a corroded surface (fig. 2.15). Some conodont 
elements show surface contamination by carbonate par-
ticles, visible in SEM images (fig. 3).

EDS results
EDS data suggest the presence of small amounts of 

REE (Nd, Yb) in the conodont apatite of some samples. 
REE (up to 0.2 % at.) were only detected in conodont ele-
ments that came from the clayey deposit. The Mn content 
in the conodont apatite is below the detection threshold 
of the EDS instrument (< 0.1% at.). It is noteworthy that 
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Fig. 2. SEM (a) and SEM-CL (b) images of polished sections of conodont elements. 1 — Idioprioniodus sp., S element, longitudinal 
section, sample 0-7K, the Konstantinov Creek section, middle Tournaisian; 2, 3 — Hindeodus crassidentatus (Branson et Mehl), 
P1 elements, longitudinal sections, sample 0-7K, the Konstantinov Creek section, middle Tournaisian; 4 — Siphonodella 
quadruplicata (Branson et Mehl), P1 element, oblique section of rostrum, sample 0-7K, the Konstantinov Creek section, middle 
Tournaisian; 5, 6 — Siphonodella quadruplicata (Branson et Mehl), P1 elements, transverse sections of anterior platform, sample 
0-7K, the Konstantinov Creek section, middle Tournaisian; 7, 8 — Siphonodella quadruplicata (Branson et Mehl), P1 elements, 
oblique sections of platform, sample 0-7K, the Konstantinov Creek section, middle Tournaisian; 9 — S element, longitudinal 
section, sample 121-2-1/90, the Kamenka River section, middle Tournaisian; 10 — M element, longitudinal section, sample 121-
2-1/90, the Kamenka River section, middle Tournaisian; 11 — Polygnathus parapetus Druce, P1 element, transverse section of 
free blade, sample 111A-4/19, the Kamenka River section, lowermost Tournaisian; 12 — Polygnathus parapetus Druce, P1 element, 
oblique section, sample 121-1/18, the Kamenka River section, lowermost Tournaisian; 13 — Polygnathus parapetus Druce,  
P1 element, oblique section, sample 111A-5/19, the Kamenka River section, lowermost Tournaisian; 14 — Polygnathus parapetus 
Druce, P1 element, oblique section, sample 111A-3/19, the Kamenka River section, lowermost Tournaisian; 15 — Polygnathus 
parapetus Druce, P1 element, oblique section, sample 122-3/16, the Kamenka River section, middle Tournaisian; 1b—8b — CL 

images are obtained at 30 kV accelerating voltage; 9b—15b — CL images are obtained at 20 kV accelerating voltage
Рис. 2. SEM-(a) и SEM-CL-(b)-изображения полированных срезов конодонтовых элементов: 1 — Idioprioniodus sp, S-элемент, 
продольный разрез, образец 0-7К, разрез на руч. Константинов, средний турне; 2, 3 — Hindeodus crassidentatus (Branson 
et Mehl), P1-элементы, продольные разрезы, образец 0-7К, разрез на руч. Константинов, средний турне; 4 — Siphonodella 
quadruplicata (Branson et Mehl), P1-элемент, косой разрез ростра, образец 0-7К, разрез на руч. Константинов, средний 
турне; 5, 6 — Siphonodella quadruplicata (Branson et Mehl), P1-элементы, поперечные срезы передней платформы, обра-
зец 0-7K, разрез на руч. Константинов, средний турне; 7, 8 — Siphonodella quadruplicata (Branson et Mehl), P1-элементы, 
косые срезы платформы, образец 0-7К, разрез на руч. Константинов, средний турне; 9 — S-элемент, продольный срез, 
образец 121-2-1/90, разрез на р. Каменка, средний турне; 10 — M-элемент, продольный разрез, образец 121-2-1/90, раз-
рез на р. Каменка, средний турне; 11 — Polygnathus parapetus Druce, P1-элемент, поперечный разрез свободного листа, 
образец 111A-4/19, разрез на р. Каменка, нижний турне; 12 — Polygnathus parapetus Druce, P1-элемент, косой разрез, 
образец 121-1/18, разрез на р. Каменка, нижний турне; 13 — Polygnathus parapetus Druce, P1-элемент, косой срез, обра-
зец 111A-5/19, разрез на р. Каменка, нижний турне; 14 — Polygnathus parapetus Druce, P1-элемент, косой срез, образец 
111A-3/19, разрез на р. Каменка, нижний турне; 15 — Polygnathus parapetus Druce, P1-элемент, косой срез, образец  
122-3/16, разрез на р. Каменка, средний турне; 1b—8b — CL-изображения получены при ускоряющем напряжении  

30 кВ; 9b—15b — CL-изображения получены при ускоряющем напряжении 20 кВ
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the distribution of Mn in the conodont element is almost 
uniform and independent of that of the tissues (Trotter, 
Eggins, 2006).

SEM-CL of different tissues

The different tissue types distinguished by SEM and 
light microscopy show some differentiation on CL (fig. 4). 
Glow-violet CL is characteristic of albid tissue. Red-violet 
CL is specific for paralamellar tissue. Lamellar tissue shows 
deep purple CL. In general, CL images show clear tissue 
differentiation in brightness and weak differentiation in 
hue (fig. 4).

Fig. 3. SEM-(a) and SEM-CL-(b) images of conodont elements: 1 — Bispathodus 
stabilis (Branson et Mehl) Morphotype 1, P1 element, sample 101-5/19, the Kamenka 
River section, upper Famennian; 2 — Polygnathus communis communis Branson 
et Mehl, P1 element, sample 101-3/19, the Kamenka River section, upper Famennian; 
3 — Pseudopolygnathus graulichi Bouckaert et Groessens, P1 element, sample 101-
5/19, the Kamenka River section, upper Famennian. CL images obtained at 20 kV 

accelerating voltage
Рис. 3. SEM-(a)- и SEM-CL-(b)-изображения элементов конодонтов:  
1 — Bispathodus stabilis (Branson et Mehl) морфотип 1, P1-элемент, образец 101-
5/19, разрез на р. Каменка, верхний фамен; 2 — Polygnathus communis communis 
Branson et Mehl, P1-элемент, образец 101-3/19, разрез на р. Каменка, верхний 
фамен; 3 — Pseudopolygnathus graulichi Bouckaert et Groessens, P1-элемент, 
образец 101-5/19, разрез на р. Каменка, верхний фамен. CL-изображения полу-

чены при ускоряющем напряжении 20 кВ

Fig. 4. Relative intensity of CL of different tissues of conodont element. Line A—B marks the position of CL intensity profile 
on the polished section of the P1 element of Polygnathus parapetus Druce (carbonate sample 111A-3/19, the Kamenka River 

section, lowermost Tournaisian)
Рис. 4. Относительная интенсивность CL различных тканей элемента конодонта. Линия A—B отмечает положение про-
филя интенсивности CL на полированном срезе P1-элемента Polygnathus parapetus Druce (карбонатный образец 111A-

3/19, разрез на реке Каменка, нижний турне)
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Fig. 6. Colour of cathodoluminescence of different tissues of 
conodont elements in comparison with pure HAP and collagen 

on RGB diagram
Рис. 6. Цвет катодолюминесценции различных тканей 
конодонтовых элементов в сравнении с чистым HAP  

и коллагеном на RGB-диаграмме

Fig. 5. Colour of cathodoluminescence of conodont elements 
on RGB diagram. A — CL of conodont elements with different 
CAI. B — CL of conodont elements from different host rocks 

(limestone and clay)
Рис. 5. Цвет катодолюминесценции конодонтовых эле-
ментов на RGB-диаграмме. A — CL элементов конодонтов 
с различным ИОК. B — CL элементов конодонтов из раз-

ных вмещающих пород (известняк и глина)

SEM-CL of conodont elements with different CAI 
and preservation

Conodont elements with different CAI show some 
variation in CL. Elements with a CAI of 1—1.5 show a more 
reddish CL compared to elements with a CAI of 5  
(fig. 5, A). In general, the intensity of CL decreases in con-
odont elements with a CAI of 5.

Conodont elements derived from clay have more blu-
ish CL compared to elements of the same preservation 
derived from limestone (fig. 5, B). Corroded conodont  
elements from limestone show red CL in the corroded 
rim (fig. 2.15, b). Unpolished conodont elements show 
deep blue or blue-violet CL with reddish inclusions caused 
by surface contamination by the carbonate material  
(fig. 3.2, b).

Discussion

Several factors are thought to contribute to the CL of 
conodont elements. Organic matter, Mn and REE appear 
to be the most likely inducers of conodont CL. The levels 
of Mn and REE may reflect either the primary composi-
tion of conodont elements or secondary element uptake 
from the host rock.

Organic molecules, which comprise up to 3% of con-
odont elements (Zhuravlev, 2023), may make some con-
tribution to CL. Pure hydroxyapatite (HAP) has a grey or 
reddish CL, but pure collagen has a bluish-green CL (Barnett 
et al., 1975; Roman-Lopez et al., 2014). In RGB coordi-
nates, the CL of all tissues of unaltered conodont elements 
is close to that of HAP and different from that of pure col-
lagen (fig. 6). It is therefore reasonable to assume that or-
ganic matter contributes very little to the tone of con-
odont CL.

Ce, Eu, Sm, Mn induce bluish and blue-reddish CL 
(Richter et al., 2003, p. 154; Kempe & Götze, 2002). This 
colour of CL is observed in conodont elements derived 
from clay (figs. 2.9, b and 2.10, b). These conodont ele-
ments also show the presence of REE in their apatite. Mn2+ 

induces green to yellow CL (Richter et al., 2003, p. 154). 
CL is visible at very low Mn2+ concentrations ≥1 ppm 
(Habermann et al., 1998), which is below the resolution of 
EDS (about 1000 ppm). The cumulative effect of Mn2+ and 
REE on the CL of conodont elements probably leads to or-
ange to violet CL of conodont apatite. According to Götze 
(2012), blue CL emission can also be caused by lattice de-
fects (electron defects on the oxygen of the phosphate 
group) (see also Habermann et al., 1997). Due to the com-
plex nature of CL, it is difficult to distinguish the contri-
bution of different factors.

The lack of gradient in CL from the outer to the in-
ner part of a conodont element suggests that CL mainly 
reflects the near-primary composition of the conodont tis-
sues and not only the secondary influx of contaminants 
from the host rock or ambient water. Conversely, the dif-
ference in CL between albid tissue (most resistant to chem-
ical exchange with the environment) and other tissues 
suggests a significant contribution of external 'contami-
nants' to the CL of conodont elements.

In the case of corrosion of the conodont element 
surface in carbonate host rocks, the CL of the surface of 
the conodont element becomes reddish due to invasion 
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of the carbonate material (figs. 3.1, b and 3.2, b). In gen-
eral, the CL of unaltered conodont elements is similar 
to that of unaltered shark teeth (blue), but differs sig-
nificantly from that of fossil vertebrate teeth (orange-
red).

Thus, CL data allow the detection of the results of 
secondary processes in conodont mineralised tissues, in-
cluding enrichment by REE and/or Mn, corrosion and con-
tamination by carbonate material. Therefore, CL of con-
odont elements can be used to screen significantly altered 
samples prior to chemical and isotopic investigations. For 
example, conodont elements showing evidence of carbon-
ate incorporation with reddish CL cannot be used for car-
bon isotopic studies. This assumption is confirmed by the 
extremely high carbon isotope value of conodont elements 
showing reddish CL (sample 122-5/16, Polygnathus para-
petus Druce, δ13Ccon = –22.5 ‰; mean δ13Ccon value for this 
species is –26.0 ‰).

Conclusions

CL allows tissue types to be distinguished on the ba-
sis of luminescence intensity and provides information on 
the histological composition of conodont elements. CL is 
also a promising tool for screening samples for ecogeo-
chemical studies due to its sensitivity to post-mortem geo-
chemical exchange between conodont elements and host 
rock. The violet and yellow shifts of CL colour can be used 
as a proxy for contamination of the conodont bioapatite 
during catagenesis. The results confirm that albid tissue 
is less affected by geochemical contamination and prob-
ably represents a near-primary composition of conodont 
elements.
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