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Abstract 26 

 27 

The data presented here comprise Ryazanian–Valanginian carbon isotope ratios analyzed from 28 

fossil wood and belemnites from the shallow marine Boyarka River succession in Siberia.  29 

Additional belemnite carbon isotope ratios from the Izhma River succession (also Ryazanian–30 

Valanginian) in Russia are also presented.  The wood-derived and belemnite-derived isotope 31 

ratios are considered to primarily reflect changes in the terrestrial and marine carbon isotope 32 

reservoirs respectively.  The δ
13

Ccarb and δ
13

Cwood records reveal a distinct mid-Valanginian 33 

positive carbon isotope excursion, with the initiation occurring near the Boreal Russian 34 

michalskii–polyptychus zone boundary, which is broadly time-equivalent Tethyan 35 

campylotoxus–verrucosum boundary.  The Ryazanian–Valanginian δ
13

Ccarb values fluctuate 36 

between c. –1 and +1.5‰ but reach a maximum of +4.1‰ in the Late Valanginian, whilst the 37 

δ
13

Cwood values fluctuate between c. –27 and –23.5‰ and reach a Late Valanginian maximum of 38 

–21.2‰.  The excursion maximum in the Boreal Russian bidichotomus zones corresponds with 39 

the peak of the Tethyan marine carbonate excursion in the verrucosum–peregrinus zones, the 40 

peak of a marine carbonate excursion recorded in the Argentinean atherstoni Zone and also with 41 

the peak of a terrestrial organic carbon isotope excursion in the Crimean trinodosum–callidiscus 42 

ammonite zones.  The synchroneity of the positive carbon isotope event between the marine and 43 

terrestrial records and between the northern and southern hemispheres and Tethys, clearly 44 

indicates a strong coupling of the ocean–atmosphere system at this time and also confirms that 45 

this was a global event, which would have affected the total exchangeable carbon reservoir.  46 

 47 

Keywords: Carbon isotopes, Russia, Valanginian, Wood, Belemnites. 48 

 49 

1. Introduction 50 
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 51 

The mid-Valanginian positive carbon isotope event is well known in marine carbonates.  52 

It has been linked to Cretaceous greenhouse conditions (e.g., Lini et al., 1992), related to 53 

eruption of the Paraná-Etendeka continental flood basalts (e.g., Channell et al., 1993; Courtillot 54 

et al., 1999; Erba et al., 2004; Gröcke et al., 2005) and to the drowning of carbonate-platforms 55 

along the Northern Tethyan margin (e.g., Föllmi et al., 1994).  Positive carbon isotope excursions 56 

are typically attributed to increased productivity and/or enhanced preservation of organic matter, 57 

for example, as black shales.  Both processes effectively increase the amount of 
12

C locked out of 58 

the global carbon cycle and therefore, enrich the global δ
13

C signal with the heavier isotope 
13

C.  59 

What is particularly interesting about the Valanginian therefore is the apparent absence of 60 

widespread marine black shales, although, a few isolated occurrences of Valanginian marine 61 

organic matter have been identified, for example at DSDP Site 535 in the Straits of Florida 62 

(Herbin et al., 1984) and more recently on the Shatsky Rise (ODP Leg 198, Site 1213; Shipboard 63 

Scientific Party, 2000; Westermann et al., 2010).  A number of other DSDP and ODP sites have 64 

recorded Valanginian organic-rich horizons in the Atlantic, for example Sites 416 and 638, 65 

however the organic matter in these horizons is typically terrestrial in origin (e.g., Claypool and 66 

Baysinger, 1980).   Several other carbon isotope investigations have shown that the deposition of 67 

pelagic, organic-rich black shales is not always associated with positive excursions (e.g., 68 

Menegatti et al., 1998).  Instead, changes in carbon flux between marine and terrestrial, and 69 

carbonate and organic matter may influence the carbon isotope record (e.g., Weissert et al., 1998; 70 

Erba et al., 1999).     71 

 72 

Published Valanginian δ
13

C records characteristically show relatively low, consistent 73 

values throughout the early part of the stage and then a rapid shift to more positive values in the 74 

mid-Valanginian.  The positive carbon isotope event is followed by a return to pre-excursion 75 
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values in the latest Valanginian and Early Hauterivian.  This trend is well known from Tethyan 76 

bulk marine carbonate records (e.g., Lini et al., 1992; Channell et al., 1993; Weissert et al., 1998; 77 

Duchamp-Alphonse et al., 2007) and has also been observed in a marine carbonate (belemnite) 78 

record from Russia (Price and Mutterlose, 2004), a marine carbonate (oyster) record from 79 

Argentina (Aguirre-Urreta et al., 2008) and in a fossilised wood record from the Crimea (Gröcke 80 

et al., 2005), which until now, was the only terrestrial record of this event.  Furthermore, the 81 

Valanginian positive carbon isotope event has never been recorded from a geographically and 82 

temporally coeval terrestrial–marine record.    83 

 84 

In recent years, several authors have attempted to correlate marine and terrestrial carbon 85 

isotope records using data from biostratigraphically constrained successions (e.g., Hesselbo et 86 

al., 2003, 2007; Pearce et al., 2005; van de Schootbrugge et al., 2005, Nunn et al., 2009).  Such 87 

comparisons can theoretically be used to evaluate the relationship between oceanic and 88 

atmospheric carbon isotope reservoirs.  However, given the provinciality experienced by 89 

ammonites during the Cretaceous, precise correlation of the data from geographically different 90 

successions is problematic.  The obvious solution is to compare marine and terrestrial records 91 

where the material occurs within the same geological succession at the same time.  However, 92 

such successions are rare and few studies of this nature have been published for the Cretaceous.   93 

 94 

This study presents new Ryazanian–Valanginian δ
13

C data from two shallow marine 95 

successions in the Russian Arctic.  Fossil wood and belemnites were sampled from the Boyarka 96 

River, Siberia and additional belemnites were sampled from the Izhma River, Russia.  The 97 

carbon isotope data derived from the sampled material provide: (1) the first Boreal terrestrial 98 

δ
13

C record of the Valanginian, and (2) the first truly coeval terrestrial–marine δ
13

C record of the 99 

Valanginian.  Such records can be used to confirm whether the Valanginian positive carbon 100 
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isotope excursion is recorded in the Boreal terrestrial realm (where is has never before been 101 

observed), and furthermore, whether the isotope event is geologically simultaneous in the 102 

oceanic and atmospheric carbon reservoirs, as well as in the Tethyan and Boreal realms.  103 

Ultimately, these records will determine whether the observed isotopic perturbations affected the 104 

total exchangeable carbon reservoir as part of a global δ
13

C event. 105 

 106 

2. Study sites and sampling 107 

 108 

2.1. Boyarka River (northern-central Siberia) 109 

 110 

The section of the Boyarka River investigated here is situated approximately 240 km 111 

southwest of the Siberian town Khatanga, at a present-day latitude of ~70°N (Fig. 1).  Five 112 

Lower Cretaceous outcrops – the key outcrops identified in the study of Shulgina et al. (1994) – 113 

were visited along a 15 km stretch of the Boyarka River.  The outcrops are typically low river-114 

side cliffs cut almost perpendicular to strike.  The Cretaceous clastic succession is very well 115 

exposed at the specified outcrops but unfortunately, the exposure between these outcrops is poor 116 

and consequently, there are some gaps in the stratigraphic record.  The composite Boyarka River 117 

succession is c. 300 m thick and ranges in age from the Ryazanian kochi Russian ammonite Zone 118 

to the Late Valanginian bojarkensis ammonite Zone (Fig. 2).  The arrangement of the individual 119 

outcrops into one composite section, together with the biostratigraphy, is based on the work of 120 

Golbert et al. (1981) and Shulgina et al. (1994). 121 

 122 

During the Early Cretaceous, shallow marine conditions prevailed in the Boyarka River 123 

region (at a palaeolatitude of ~70°N; Smith et al., 1994), depositing a relatively thick succession 124 

of sandstones, siltstones and clays.  The Ryazanian sediments are dominated by grey silty-clays 125 
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with occasional concretions and limestone bands.  Above this, the basal Valanginian sediments 126 

are composed of green sandstones, with occasional thin clay beds.  The sandstones display some 127 

bioturbation and cross-bedding, and also contain concretions.  Clays become more dominant in 128 

the Upper Valanginian and are often mottled red from iron-staining.  The uppermost Valanginian 129 

sediments comprise pale grey/green sandstones and clayey-sands.  Towards the top of the 130 

succession, large but rare, isolated concretions are found.  Thin clay layers containing small 131 

concretions are also found at relatively regular intervals within the bojarkensis Zone sediments.  132 

Fauna characteristic of marine conditions, such as belemnites and ammonites, are present 133 

throughout the succession.  In addition, discrete fossilised wood fragments are also common, 134 

thus indicating a possible nearby terrestrial source from which land plants have been washed into 135 

the shallow marine environment.  Belemnites of the Boreal Realm genera Acroteuthis, 136 

Cylindroteuthis, Lagonibelus and Pachyteuthis were collected from 64 horizons.  Pieces of 137 

fossilised wood, which range in appearance from disseminated debris to branches <5 cm in 138 

diameter, were collected from 150 horizons.  Whenever possible, multiple specimens were 139 

collected from each horizon.  140 

 141 

2.2. Izhma River (northern Russia) 142 

 143 

The Izhma River is a tributary of the Pechora River.  It lies west of the sub-Arctic Ural 144 

Mountains at a present-day latitude of ~64°N (Fig. 1).  The part of the river examined here is 145 

situated approximately 100 km north of the towns of Ukhta and Sosnogorsk.  Seven Lower 146 

Cretaceous outcrops were identified along a ~90 km stretch of the river.  The outcrops are in the 147 

form of low river cuttings and foreshores, and are generally well exposed.  The composite Lower 148 

Ryazanian (Pseudocraspedites & Surites Zone; Fig. 2) to Upper Valanginian (bidichotomus 149 

Zone) succession is c. 62 m thick.  The compilation of the complete section is derived from the 150 
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work of Mesezhnikov et al. (1979), whilst the biostratigraphy is based on that of Bodylevsky 151 

(1963), Mesezhnikov et al. (1979) and Baraboshkin (2007). 152 

 153 

Like the Boyarka River, the Lower Cretaceous Izhma River deposits (laid down at a 154 

palaeolatitude of ~60°N; Smith et al., 1994) are composed of shallow marine clastics.  The 155 

Ryazanian sediments are composed of sandstones, silty-sandstones and clays, and contain small 156 

phosphatic nodules/concretions.  These sediments become more iron-rich towards the 157 

Ryazanian–Valanginian boundary, which is marked by a red claystone bed of ~30 cm thickness.  158 

The Lower Valanginian grey silty-clays become sandier into the Upper Valanginian and large 159 

fossil-bearing carbonate concretions are found in several horizons.  A relatively thick sandstone 160 

bed dominates the Upper Valanginian part of the succession and is surrounded by poorly 161 

exposed clays.  Belemnites and ammonites are present throughout the succession.  The Boreal 162 

Realm belemnite genera present in the Boyarka River succession (Acroteuthis, Cylindroteuthis, 163 

Lagonibelus and Pachyteuthis) are also present here and were collected bed-by-bed from 42 164 

different horizons.  Fossilised wood fragments were identified in the lowermost part of the Izhma 165 

River succession but they were not collected because they are rare and poorly preserved.   166 

 167 

2.3. Stratigraphic comparisons 168 

 169 

The Early Cretaceous Boyarka River and Izhma River successions are different with 170 

respect to their stratigraphic thickness.  The clastic sediments of the Boyarka River succession 171 

(kochi–bojarkensis zones) are approximately 320 m thick, whilst those of the Izhma River 172 

(Pseudocraspedites & Surites–bidichotomus zones) are just 62 m thick.  This disparity is caused 173 

by the different depositional conditions prevailing at each site.  The Boyarka River sediments 174 

were deposited in very shallow marine conditions, close to a major clastic source, as 175 
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demonstrated by the abundance of terrestrial wood in the succession.  The resulting deposits are 176 

therefore fairly expanded.  Conversely, the Izhma River sediments were deposited under more 177 

open marine conditions on a broad, stable basement high (Zonenshain et al., 1990).  The 178 

consequence of which is the formation of a relatively thin sedimentary cover punctuated by 179 

depositional hiatuses, because even minor sea level fluctuations could lead to submarine erosion 180 

or subaerial exposure (Sahagian et al., 1996).  Despite the contrasting lithostratigraphy of the 181 

Boyarka and Izhma River successions, a comparative δ
13

C investigation is still possible, even 182 

though the record of short term fluctuations in the δ
13

C signal may be slightly distorted (e.g., if 183 

minor oscillations occur during a hiatus they may not recorded, or if they occur during a period 184 

of rapid deposition they may appear expanded).  Long term and significant shifts however, 185 

should still be identifiable and providing the biostratigraphy of each of the successions is reliable 186 

and well resolved, any temporal effects relating to the variable lithostratigraphy, should be 187 

minimised.    188 

 189 

Both of the successions were dated using the Boreal Russian ammonite biostratigraphy.  190 

Field observations were compared with the published logs of Golbert et al. (1981) and 191 

Mesezhnikov et al. (1979) for the Boyarka River and Izhma River respectively, with particular 192 

emphasis placed on the identification and correlation of relatively distinct marker beds.  The 193 

biostratigraphy assigned on the basis of comparisons with previously published work, was then 194 

verified and refined using abundant and well preserved ammonites collected from each 195 

succession (that are currently stored at the Moscow State University, Russia).  Figure 2 illustrates 196 

some minor differences in Boreal ammonite biozonation between the Boyarka and Izhma River 197 

successions.  Such differences exist as a result of the highly provincial nature of ammonites 198 

during the Cretaceous Period, with minor differences in the biostratigraphic schemes determined 199 

by the relative occurrence and abundance of locally dominant taxa.  Cretaceous provinciality 200 



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

9 

prevents the development of a truly global biostratigraphic scheme for this time interval, 201 

however it is possible to correlate different schemes that are characteristic of distinct 202 

palaeogeographical regions (e.g., Boreal vs. Tethyan ammonites; Fig. 2).  The correlation of 203 

Boreal–Tethyan biostratigraphy has been attempted by a number of authors (e.g., Sey and 204 

Kalacheva, 1999; Zakharov et al., 1997; Gradstein et al., 2004; Baraboshkin, 2007), typically by 205 

identifying localities with a mixed Tethyan–Boreal fauna or alternatively by employing 206 

additional techniques such as chemostratigraphy or magnetostratigraphy.  Whilst such 207 

correlations are often difficult to establish and seldom perfect, they nevertheless provide an 208 

extremely valuable tool for investigating the timing of potentially global geological events, such 209 

as the Valanginian δ
13

C excursion. 210 

 211 

3. Methods 212 

 213 

In order to assess the typical preservation of the belemnite rostra representative 214 

specimens were examined through carbonate staining, cathodoluminescence (CL) and 215 

backscattered scanning electron microscopy (BSEM).  The specimens were cut perpendicular to 216 

the long axis and two cross-sections (one thin, one thick) were prepared.  The polished thin 217 

sections were examined under a CITL CL MK3A Luminoscope at the Camborne School of 218 

Mines (CSM), UK.  The thin sections were placed in a vacuum sealed specimen chamber under 219 

an electron gun emitting a cathode ray (gun current ~450 μA, gun voltage ~10 kV) and 220 

photographed.  The same thin sections were subsequently etched with dilute HCl, immersed in a 221 

mixture of alizarin red-S and potassium ferricyanide and finally, were stained with alizarin red-S 222 

to intensify the colour differentiation (following the carbonate staining technique of Dickson 223 

(1966)).  The stained thin sections were then quick-dried before being photographed under a 224 

low-powered binocular microscope.  The polished thick sections were placed uncoated in a 225 
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JEOL 5600 scanning electron microscope (SEM) at the University of Plymouth, UK.  The 226 

samples were photographed under low vacuum conditions using a back scattered electron 227 

detector (accelerating voltage 15kV, spot size 38) to show the atomic number contrast on the 228 

polished surface.   229 

 230 

Belemnites were prepared for isotopic and geochemical analyses by first removing the 231 

exterior of the rostrum, the apical region, the alveolus, and significant areas of cracks/fractures 232 

using a circular saw and lapping wheel, because such regions are likely to have been effected by 233 

diagenesis.  The remaining calcite was fragmented, washed in pure water and dried in a clean 234 

environment.  Well-preserved, translucent fragments were selected using a binocular microscope 235 

and then powdered using an agate pestle and mortar.  The resultant sample was divided for stable 236 

isotope and trace element analyses.  The sub-samples taken for trace element (Fe and Mn) 237 

analysis were digested in 20% HNO3 and analysed by Inductively Coupled Plasma–Atomic 238 

Emission Spectrometer (ICP–AES) using a Perkin Elmer Optima 3300RL ICP–AES system 239 

(with autosampler) at the NERC ICP facility, Royal Holloway, UK.  Carbon isotope data were 240 

generated on a VG Optima mass spectrometer with a Multiprep Automated Carbonate System at 241 

the University of Plymouth, UK and on a VG Optima mass spectrometer following vacuum 242 

extraction of the CO2 at the NERC Isotope Geosciences Laboratory (NIGL), Keyworth, UK.  243 

Oxygen isotope data were also generated but not reported here.  Replicate analyses were run to 244 

ensure reproducibility, which was generally <0.1‰ for samples and standard materials.  Carbon 245 

isotope ratios are given in δ notation reported in per mille (‰) relative to the International 246 

Standards Vienna Pee Dee Belemnite (VPDB) by comparison with laboratory standards 247 

calibrated using NBS standards.   248 

 249 
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A representative group of fossil wood samples was photographed under a JEOL 5600 250 

SEM.  The 184 fossil wood samples taken from the Boyarka River succession were analyzed for 251 

organic carbon isotope ratios.  Where possible, samples were divided to allow a portion of the 252 

material to be archived.  The analyzed samples were treated with 5% HCl to remove any 253 

carbonate and then rinsed with deionised water before being oven-dried and powdered with an 254 

agate pestle and mortar.  The homogenised samples were weighed and placed in tin capsules for 255 

combustion in an elemental analyzer.  The resultant gas was purified and passed through a SIRA 256 

II Series 2 dual-inlet isotope-ratio mass spectrometer at McMaster University, Canada.  Carbon 257 

isotope ratios are given in δ notation reported in per mille (‰) relative to the International 258 

Standards Vienna Pee Dee Belemnite (VPDB) by comparison with laboratory standards 259 

calibrated using NBS-21.  Analytical reproducibility using this method was generally <0.1‰ for 260 

samples and standard materials. 261 

 262 

4. Results 263 

 264 

The vast majority of the belemnites collected from the Boyarka and Izhma river 265 

successions were composed of honey-coloured, translucent calcite, with primary concentric 266 

banding.  Fe- and Mn-rich calcite, characteristic of diagenetically altered material, was identified 267 

through BSEM, CL and carbonate staining.  Diagenesis was most common around the rostrum 268 

margin, along the apical canal, and surrounding well-developed fractures.  Such areas were 269 

removed prior to isotopic and geochemical sampling because even subtle alteration can destroy 270 

the primary isotopic/geochemical signal.  Belemnite preservation was further assessed via trace 271 

element analysis.  This was conducted on every specimen analyzed.  Fe and Mn values for the 272 

Boyarka River belemnites were 3–52 ppm (mean 9 ppm) and 2–149 ppm (mean 11 ppm) 273 

respectively (Fig. 3).  The Izhma River Fe values were 8–312 ppm (mean 30 ppm) and the Mn 274 
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values were 2–105 ppm (mean 112 ppm) (Fig. 3).  Belemnites with high concentrations of Fe 275 

(>150 ppm) and Mn (>100 ppm) were considered to have undergone post-depositional alteration 276 

and were consequently excluded from further analysis (e.g., Price and Mutterlose, 2004; Nunn et 277 

al., 2009).  Carbon isotope ratios were measured from the well preserved belemnites.  278 

Ryazanian–Valanginian values of –1.07 to +4.24‰ for the Boyarka River and –0.95 to +4.05‰ 279 

for the Izhma River were recorded.  The range of values is the same for each succession (within 280 

analytical error) and furthermore, the same overall δ
13

Ccarb trend is observed in both successions 281 

(Fig. 4).  Relatively low carbon isotope values occur in the Ryazanian and Early Valanginian, 282 

followed by a shift towards the most positive values in the michalskii–polyptychus zones.  The 283 

shift in values associated with the positive carbon isotope excursion is ~4‰.  High values persist 284 

throughout the Late Valanginian but a return towards pre-excursion values occurs in the latest 285 

Valanginian bojarkensis Zone.    286 

 287 

The Boyarka River macroscopic wood samples were examined under a microscope and 288 

the state of preservation determined.  Identification of the wood to generic or specific level was 289 

not undertaken.  Of the 173 samples examined, 39 were identified as charcoal, 77 as charcoal-290 

coal and 57 as coal, on the basis of distinctive plant cells and structures, which are clearly visible 291 

in the charcoal samples but completely homogenised in the coal.  Representative samples were 292 

imaged using an SEM (Fig. 5).  The range of preservation did not have a significant impact on 293 

the overall long-term δ
13

Cwood curve (as previously demonstrated by Hesselbo et al. (2003) and 294 

Gröcke et al. (2005)).  The δ
13

Cwood values range between –27.20 and –21.21‰ for the 295 

Ryazanian–Valanginian succession (Fig. 4).  The amount of scatter present in the Boyarka River 296 

wood data is comparable with that in previously published studies of organic carbon isotopes 297 

(e.g., Gröcke et al., 1999, 2005; Robinson and Hesselbo, 2004).  The most negative δ
13

Cwood 298 

values occur during the Ryazanian and Early Valanginian (kochi–klimovskiensis zones) and 299 



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

13 

range between –27.20 and –23.74‰ (mean –24.93‰).  The most positive values occur in the 300 

Valanginian bidichotomus Zone and are coincident with the most positive values in the Boyarka 301 

River δ
13

Ccarb record.  Bidichotomus Zone δ
13

Cwood values were –25.56 to –21.21‰ (mean –302 

23.68‰).   303 

 304 

5. Discussion 305 

 306 

5.1. Understanding the ocean–atmosphere system  307 

 308 

Cretaceous marine and terrestrial records have been compared in a number of recently 309 

published studies (e.g., Ando et al., 2003; Robinson & Hesselbo, 2004; Ando and Kakegawa, 310 

2007).  Such studies typically compare marine and terrestrial records from geographically 311 

different successions, which has obvious implications in terms of precise biostratigraphic 312 

correlation.  This issue is overcome here by investigating a geological succession that contains 313 

both marine carbonate (e.g., belemnites) and terrestrial organic matter (e.g., wood).  The Boyarka 314 

River δ
13

Cwood record displays some scatter, which can be attributed to both real environmental 315 

variability and to the sampling strategy (i.e., different floral components from different plant 316 

species were inevitably analysed).  The coeval δ
13

Ccarb record is also relatively ‘noisy’.   For 317 

example, the belemnite data show a variability of approximately 2.5‰ from one horizon at the 318 

peak of the Valanginian positive carbon isotope excursion.  Such variability is consistent with 319 

other published belemnite records (e.g., van de Schootbrugge et al., 2000; Price & Mutterlose, 320 

2004) and may be related to short-term environmental fluctuations, to different species 321 

occupying different habitats, or to differences in biological fractionation (McArthur et al., 2007).  322 

By comparison, published bulk rock δ
13

C curves for this interval (e.g., Lini et al., 1992; Channell 323 

et al., 1993; Weissert et al., 1998) are relatively smooth.  This is the result of integrating different 324 
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biogenic components, which will average out natural variability in habitat, vital effects, time and 325 

preservation (Nunn et al., 2009).  The scatter observed in the Russian δ
13

Cwood and δ
13

Ccarb 326 

records, is therefore an unavoidable consequence of analysing individual specimens (a plant or a 327 

belemnite respectively), rather than well homogenised material (bulk carbonate).  As such, the 328 

scatter represents real and natural variability, meaning that broad, long-term δ
13

C trends can still 329 

be analysed with confidence.   330 

 331 

The Early Cretaceous Boyarka River δ
13

Cwood and δ
13

Ccarb records show the same long-332 

term trend, with relatively negative values in the kochi–klimovskiensis ammonite zones, a shift 333 

towards more positive values in the michalskii–polyptychus zones, an excursion maximum in the 334 

bidichotomus Zone, and finally, a return towards pre-excursion values in the bojarkensis Zone 335 

(Fig. 4).  There may however be a slight offset between the two records with regards to the 336 

timing of the excursion because the initiation of the positive shift in the michalskii–polyptychus 337 

zones is recorded slightly earlier in the wood record than it is in the belemnite record.  This could 338 

be linked to a difference in carbon uptake between the continent and the ocean at this time, but 339 

more likely, this is a consequence of the limited sample recovery from this interval.  Overall, the 340 

initiation, peak and decay of the Valanginian positive carbon isotope excursion appear to be 341 

broadly synchronous in both the marine and terrestrial δ
13

C records.  This confirms that the 342 

ocean–atmosphere system was strongly linked at this time and that the positive δ
13

C excursion 343 

affected the total exchangeable carbon reservoir.    344 

 345 

The observed offset between the Russian, Ryazanian–Valanginian δ
13

Cwood and δ
13

Ccarb 346 

data (Δδ
13

C) is approximately 25‰, which is comparable with other published Mesozoic 347 

records.  Nunn et al. (2009) for example, recorded an offset of ~25.5‰ in their coeval δ
13

Corg–348 

δ
13

Cbelemnite record for the Callovian–Kimmeridgian interval at Staffin Bay in Scotland.  349 
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Interestingly however, the offset observed by Gröcke et al. (2005) for their Valanginian–350 

Hauterivian Crimean δ
13

Cplant record and a Tethyan bulk carbonate record based on data from 351 

Lini et al. (1992) and Channell et al. (1993) was slightly lower than that observed in this study, at 352 

between 22.4 and 24.6‰.  This discrepancy may in part be related to a slight difference in 353 

carbonate values – a consequence of comparing belemnites with bulk rock data – but primarily, it 354 

appears to be caused by the more positive δ
13

Corg values in the Crimean succession, where the 355 

most positive Late Valanginian δ
13

Corg value is –18.17‰, compared with –21.21‰ in Siberia (a 356 

3‰ difference).  The reason for this difference is unclear but is likely to be related to plant type, 357 

or to local influences on carbon isotope discrimination in plants, such as temperature or moisture 358 

availability.    359 

 360 

5.2. The Valanginian positive carbon isotope excursion: global correlations 361 

 362 

Published marine carbonate δ
13

C records for the Early Cretaceous have been constructed 363 

primarily from successions in the Tethyan region.  The overall pattern described from such data 364 

is one of decreasing δ
13

C values across the Jurassic–Cretaceous boundary, relatively stable δ
13

C 365 

values in the earliest Cretaceous, then a rapid mid- to Late Valanginian positive excursion 366 

(starting around the Tethyan campylotoxus–verrucosum zone boundary or time-equivalent) 367 

followed by a return towards pre-excursion values in the latest Valanginian and Early 368 

Hauterivian (e.g., Lini et al., 1992; Channell et al., 1993; Weissert et al., 1998; McArthur et al., 369 

2007; Duchamp-Alphonse et al., 2007).  Overall, the Izhma River and Boyarka River records 370 

appear to be consistent with this trend.  The Izhma River δ
13

C curve (Fig. 4) records fairly 371 

constant values for the Ryazanian to Early Valanginian interval, after which, a positive carbon 372 

isotope excursion occurs, with the initiation at the michalskii–polyptychus zonal boundary.  The 373 

most positive δ
13

C values are recorded in the Late Valanginian polyptychus Zone, although very 374 
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positive values persist throughout the bidichotomus Zone as well.  No definitive return to pre-375 

excursion values is observed in this succession, strongly suggesting that the excursion is 376 

terminated either in the later part of the bidichotomus Zone or in the subsequent bojarkensis 377 

Zone.  The Boyarka River data (Fig. 4) also record a distinct and rapid positive carbon isotope 378 

excursion in both the belemnite and wood records.  Here the excursion begins in the michalskii–379 

polyptychus zones, however, it should be noted that the positive shift appears to start slightly 380 

earlier in the wood record than it does in the belemnite record, probably as a result of the limited 381 

sample recovery from this interval.  The Boyarka River excursion maximum occurs within the 382 

bidichotomus Zone in both the marine and terrestrial records, and a decline in δ
13

C values is 383 

observed in the latest Valanginian bojarkensis Zone.  On the whole, the Boyarka and Izhma 384 

River carbon isotope data (both marine and terrestrial) are compatable and the Russian carbon 385 

isotope trend can therefore be summarized as follows:  (1) The initiation of the excursion in both 386 

the Boyarka and Izhma River successions occurs firmly within the michalskii–polyptychus zones 387 

– and probably near the zonal boundary – despite some uncertainty stemming from the sample 388 

recovery and biostratigraphy (e.g., since the exact placement of the michalskii–polyptychus 389 

boundary in the Boyarka River succession has not been determined).  (2) The excursion 390 

continues through the polyptychus Zone and into the bidichotomus Zone, where the Boyarka 391 

excursion maxima are reached.  Interestingly, the most positive Izhma River values occur earlier 392 

(in the polyptychus Zone) but this maximum is represented by just two data points, whilst the 393 

overall polyptychus–bidichotomus trend, is one of increasingly positive values, with this increase 394 

terminated only by the top of the succession.  (3) A return towards pre-excursion values is 395 

observed in the Boyarka River bojarkensis Zone. 396 

 397 

The timing and duration of the positive carbon isotope event in Arctic Russia is broadly 398 

compatible with that observed in the Tethyan region (Fig. 6) although, the δ
13

C values are 399 
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typically more negative in the Russian belemnite record than in the Tethyan bulk record (with 400 

the exception of the very positive values recorded by the belemnites during the excursion itself).  401 

This systematic offset is potentially the result of the different life style of the belemnites (deeper 402 

water) compared with the plankton (near surface water) that dominate  the Tethyan bulk rock 403 

record, the consequence of which, is a difference in the uptake of 
12

C/
13

C in carbonates because 404 

this is depth- and productivity dependent (Bodin et al., 2009).  The michalskii–polyptychus 405 

boundary, near which the Izhma River and Boyarka River excursions begin, is correlatable with 406 

the start of the Tethyan excursion close to the campylotoxus–verrucosum boundary 407 

(Baraboshkin, 2005; Fig. 2).  Furthermore, the increasingly positive values throughout the Boreal 408 

Russian polyptychus–bidichotomus zones, culminating in the Boyarka River bidichotomus peak, 409 

broadly corresponds with the timing of the Tethyan marine carbonate excursion peak in the 410 

verrucosum–peregrinus zones (Lini et al., 1992; Channell et al., 1993; van de Schootbrugge et 411 

al., 2000; Weissert and Erba, 2004).  It also corresponds with the peak of a marine carbonate 412 

excursion recorded in the Argentinean atherstoni ammonite Zone (Aguirre-Urreta et al., 2008) 413 

and with the peak of an organic carbon isotope excursion recorded in the Crimean trinodosum–414 

callidiscus ammonite zones (Gröcke et al., 2005), which are correlatable with the Tethyan 415 

verrucosum and peregrinus–furcillata zones respectively.  Any minor biostratigraphic 416 

discrepancies in the correlation between the Valanginian δ
13

C curves are likely to be the result of 417 

problems associated with the provincial nature of ammonites, and with the correlation of the 418 

ammonite schemes with other local biostratigraphic schemes.  In addition, the Boreal–Tethyan 419 

correlation (Fig. 6) required that numerical age was calculated based on an assumption of 420 

constant sedimentation during each ammonite zone.  However given the expanded versus 421 

condensed nature of the Boyarka and Izhma River successions respectively this is fairly  422 

arbitrary.  The age calculation may therefore also contribute to any minor discrepancies 423 

encountered.  Nevertheless, given the biostratigraphic resolution currently available, it would 424 
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certainly appear that the initiation, peak, and decay of the Valanginian carbon isotope excursion 425 

are consistent across the globe. 426 

 427 

5.3. Valanginian palaeoclimate 428 

 429 

Positive carbon isotope excursions are commonly linked to greenhouse conditions.  Lini 430 

et al. (1992) hypothesised that the Valanginian carbon isotope event represented the first episode 431 

of greenhouse conditions during the Cretaceous period.  This event has frequently been related to 432 

episodes of platform drowning in the Tethys (e.g., Lini et al., 1992; Föllmi et al., 1994; Weissert 433 

et al., 1998; Wortmann and Weissert, 2000).  Van de Schootbrugge et al. (2000) however 434 

highlighted the problem with this model, which is that during the Hauterivian, at least two phases 435 

of platform drowning are not associated with positive carbon isotope excursions.  Wortmann and 436 

Weissert (2000) suggested that the sea level rise and drowning of platform carbonates 437 

corresponded instead to the initiation of more positive carbon isotope values, rather than to the 438 

most positive values themselves.  According to the sea level curve of Sahagian et al. (1996), the 439 

Valanginian positive carbon isotope excursion occurs during a period of relatively low sea level 440 

on the Russian Platform and in Siberia.  It should be noted that although the Sahagian et al. 441 

(1996) sea-level curve is contrary to the sea-level curve of Haq et al. (1987), the Valanginian 442 

section of the Sahagian et al. curve was constructed from data taken from the Boyarka River 443 

succession itself.  A period of sea-level lowstand would have resulted in the partial separation of 444 

the Boreal and Tethyan Realms and could have restricted ocean circulation and enhanced ocean 445 

water stratification to promote organic carbon burial in these high latitude locations.  This would 446 

be consistent with the apparent lack of extensive deep marine black shales in the Late 447 

Valanginian, which could be explained by carbon burial away from typical, mid- to low-latitude, 448 

open marine settings (Price and Mutterlose, 2004; Aguirre-Urreta et al., 2008).  For example, 449 
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Westermann et al. (2010) propose an alternative driving mechanism for the Valanginian δ
13

C 450 

excursion, where the enhanced production and storage of organic carbon occurs on the continent.  451 

In addition, an increased input of nutrients resulting from the exposure and erosion of lowland 452 

areas (Brenchley et al., 1994; Gröcke et al., 1999; Price and Mutterlose, 2004) may have 453 

contributed to an increase in primary productivity and consequently could have influenced the 454 

shift towards positive carbon isotope values at this time.    455 

 456 

The mid-Valanginian global carbon isotope event also appears to be coincident with a 457 

short-term cooling episode.  Price and Mutterlose (2004) report increasing δ
18

O values, and 458 

therefore decreasing palaeotemperatures, following the positive δ
13

C excursion in their 459 

Valanginian Russian belemnite record.  Such a fall in temperatures, could be explained by 460 

increased organic carbon burial and a drawdown of atmospheric CO2.  The concept of a 461 

Valanginian cooling event is consistent with other recently published isotope evidence for this 462 

period (e.g., Pucéat et al., 2003; Erba et al., 2004; McArthur et al., 2007) and with the presence 463 

of glendonites in several Valanginian high latitude successions (e.g., Kemper, 1987; Price and 464 

Nunn, 2010). 465 

 466 

6. Conclusions 467 

 468 

This paper presents δ
13

C data from two shallow marine successions in the Boyarka River, 469 

Siberia and the Izhma River, Russia.  These data comprise the first Boreal terrestrial organic δ
13

C 470 

record of the mid-Valanginian positive carbon isotope excursion, as well as the first coeval 471 

terrestrial–marine δ
13

C record of this event.  Both the terrestrial organic δ
13

C (wood) record and 472 

the marine carbonate δ
13

C (belemnite) record show distinct positive carbon isotope excursions, 473 

with the initiation in the Boreal Russian michalskii–polyptychus ammonite zones, the peak in the 474 
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bidichotomus Zone, and a return towards pre-excursion values in the latest Valanginian 475 

bojarkensis Zone.  These zones are equivalent to the Tethyan campylotoxus–verrucosum, 476 

verrucosum–furcillata and uppermost furcillata ammonite zones respectively.  The event is 477 

synchronous in the marine and terrestrial records from the Boyarka and Izhma Rivers and 478 

furthermore, these Boreal records are correlatable with other published carbon isotope curves 479 

from this event, for example, in Tethyan bulk marine carbonate (e.g., Lini et al., 1992; Channell 480 

et al., 1993), in Crimean wood (e.g., Gröcke et al., 2005) and in Argentinean oysters (e.g., 481 

Aguirre-Urreta et al., 2008).  The occurrence of this event in the northern hemisphere, southern 482 

hemisphere and Tethys, in both the marine and terrestrial realms, confirms that the Valanginian 483 

positive carbon isotope excursion is a globally synchronous event, during which the total 484 

exchangeable carbon reservoir was affected, and as such, it can be used as a global carbon 485 

isotope marker.   486 
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Figure captions 713 

 714 

Figure 1 715 

Locality map showing the sections studied in northern Russia.  Insert maps show the locations 716 

studied along each river (against one of which are the co-ordinates required for location).     717 
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 718 

Figure 2 719 

Biostratigraphic correlation of the Early Cretaceous Tethyan (Reboulet et al., 2009), Izhma River 720 

(Baraboshkin, 2007; this paper) and Boyarka River (Baraboshkin 2004a; 2007) ammonite 721 

schemes.  Correlations are based on Ogg et al. (2008), Gradstein et al. (2004) and Baraboshkin 722 

(2004a; b; 2005; 2007).  The grey box indicates the approximate position of the Valanginian 723 

positive excursion maximum.   724 

 725 

Figure 3 726 

Cross plot of belemnite Fe and Mn concentrations.  The dashed lines mark the cut-off values for 727 

well preserved samples.   728 

 729 

Figure 4 730 

Correlation of the δ
13

Ccarb and δ
13

Cwood data from the Ryazanian–Hauterivian Borayka River and 731 

Izhma River successions.  The Boreal Russian ammonite zonation is given. 732 

 733 

Figure 5 734 

Scanning electron microscope images of fossilised wood fragments from the Boyarka River, 735 

Siberia.  Note the different states of preservation: charcoal (A–C), charcoal-coal (D) and coal (E, 736 

F).  Distinctive plant cells and structures are clearly visible in the charcoal but such structures 737 

have been completely homogenised in the coal.  All scale bars represent 20 μm. 738 

 739 

Figure 6 740 

Composite record of Early Cretaceous δ
13

C data for the Boyarka River, Izhma River and 741 

published Tethyan successions.  The Tethyan bulk δ
13

C curve is based on data from Breggia, 742 
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Capriolo, Polaveno, Pusiano and Val del Mis (Lini et al., 1992; Channell et al., 1993; Weissert et 743 

al., 1998).  The compilation was produced by calculating the numerical age of each sample by 744 

assuming a constant sedimentation rate during each ammonite zone. 745 

 746 

Table 1 747 

Carbon isotope and trace element data of belemnite specimens analysed from the Early 748 

Cretaceous Boyarka River and Izhma River successions.  (* Belemnites deemed diagenetically 749 

altered and therefore excluded from further analysis.) 750 

 751 

Table 2 752 

Carbon isotope data of fossil wood fragments from the Early Cretaceous Boyarka River 753 

succession.   754 
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Sample ID Location Height 

(m) 

 Ammonite zone Genus δ
13

Ccarb 

(‰) 

Fe 

(ppm) 

Mn 

(ppm) 

KH16; 0.90 Boyarka River 1.90 

 

H. kochi Cylindroteuthis -0.95 9 6 
 

KH16; 1.10 Boyarka River 2.10 

 

H. kochi Cylindroteuthis 0.50 8 9 
 

KH16; 1.15 Boyarka River 2.15 

 

H. kochi Cylindroteuthis -0.54 8 6 
 

KH16; 1.25 Boyarka River 2.25 

 

H. kochi Cylindroteuthis 0.55 9 9 
 

KH16; 1.30 Boyarka River 2.30 

 

H. kochi ?Cylindroteuthis 0.49 6 6 
 

KH16; 1.50 A Boyarka River 2.50 

 

H. kochi ?Cylindroteuthis -0.57 5 7 
 

KH16; 1.50 B Boyarka River 2.50 

 

H. kochi ?Cylindroteuthis 0.03 5 15 
 

KH16; 1.60 1 Boyarka River 2.60 

 

H. kochi Indet. -0.30 4 13 
 

KH16; 1.60 2 Boyarka River 2.60 

 

H. kochi Indet. -0.32 4 14 
 

KH16; 1.65 i Boyarka River 2.65 

 

H. kochi ?Cylindroteuthis 0.52 4 5 
 

KH16; 1.65 ii Boyarka River 2.65 

 

H. kochi ?Cylindroteuthis 0.45 5 5 
 

KH16; 1.70 A Boyarka River 2.70 

 

H. kochi Cylindroteuthis -0.51 3 16 
 

KH16; 2.40 Boyarka River 3.40 

 

H. kochi Cylindroteuthis -0.96 7 7 
 

KH16; 2.45 A Boyarka River 3.45 

 

H. kochi Lagonibelus -0.29 6 13 
 

KH16; 2.60 A Boyarka River 3.60 

 

H. kochi Cylindroteuthis 0.07 4 10 
 

KH16; 2.65 A Boyarka River 3.65 

 

H. kochi Cylindroteuthis -0.03 6 6 
 

KH16; 2.75 Boyarka River 3.75 

 

H. kochi Cylindroteuthis -0.11 3 6 
 

KH16; 2.80 A i Boyarka River 3.80 

 

H. kochi Cylindroteuthis 0.41 11 20 
 

KH16; 2.80 A ii Boyarka River 3.80 

 

H. kochi Cylindroteuthis 0.14 9 20 
 

KH16; 2.80 B Boyarka River 3.80 

 

H. kochi Cylindroteuthis 0.28 9 6 
 

KH16; 2.85 A Boyarka River 3.85 

 

H. kochi Acroteuthis -0.74 9 4 
 

KH16; 2.85 B Boyarka River 3.85 

 

H. kochi ?Cylindroteuthis 0.11 8 6 
 

KH16; 2.95 A Boyarka River 3.95 

 

H. kochi Cylindroteuthis 0.31 14 31 
 

KH16; 2.95 B Boyarka River 3.95 

 

H. kochi Cylindroteuthis 0.28 9 4 
 

KH16; 3.00 i Boyarka River 4.00 

 

H. kochi Cylindroteuthis 0.84 9 16 
 

KH16; 3.00 ii Boyarka River 4.00 

 

H. kochi Cylindroteuthis 0.87 10 16 
 

KH16; 3.50 A Boyarka River 4.50 

 

S. subquadratus–C. analogus Acroteuthis -0.44 8 5 
 

KH16; 3.50 B Boyarka River 4.50 

 

S. subquadratus–C. analogus ?Cylindroteuthis -0.53 8 5 
 

KH16; 3.80 Boyarka River 4.80 

 

S. subquadratus–C. analogus ?Cylindroteuthis 0.94 9 3 
 

KH16; 4.10 i Boyarka River 5.10 

 

S. subquadratus–C. analogus Cylindroteuthis -1.07 9 5 
 

KH16; 4.10 ii Boyarka River 5.10 

 

S. subquadratus–C. analogus Cylindroteuthis -1.04 8 6 
 

KH17a; -1.00 i Boyarka River 20.50 

 

S. subquadratus–C. analogus Cylindroteuthis -0.25 9 4 
 

KH17a; -1.00 ii Boyarka River 20.50 

 

S. subquadratus–C. analogus Cylindroteuthis -0.25 10 5 
 

KH17a; -0.50 A Boyarka River 21.00 

 

B. mesezhnikovi Cylindroteuthis 0.39 8 2 
 

KH17a; L Boyarka River 21.50 

 

B. mesezhnikovi Cylindroteuthis 0.39 9 4 
 

KH17b; 1.25 Boyarka River 22.75 

 

B. mesezhnikovi Cylindroteuthis 1.19 9 4 
 

KH17b; 1.55 A Boyarka River 23.05 

 

B. mesezhnikovi Cylindroteuthis 0.58 8 2 
 

KH17b; 1.55 B Boyarka River 23.05 

 

B. mesezhnikovi Cylindroteuthis 0.06 10 4 
 

KH17b; 1.75 i Boyarka River 23.25 

 

B. mesezhnikovi ?Cylindroteuthis 0.85 8 3 
 

KH17b; 1.75 ii Boyarka River 23.25 

 

B. mesezhnikovi ?Cylindroteuthis 0.92 8 3 
 

KH17b; 1.95 Boyarka River 23.45 

 

B. mesezhnikovi Lagonibelus 0.09 10 4 
 

KH17c; 0.50 Boyarka River 24.00 

 

B. mesezhnikovi Cylindroteuthis 0.73 8 4 
 

KH17c; 1.00 Boyarka River 24.50 

 

B. mesezhnikovi Cylindroteuthis 0.86 8 3 
 

KH17c; 1.50 Boyarka River 25.00 

 

B. mesezhnikovi Cylindroteuthis -0.17 11 12 
 

KH17c; 2.75 1 Boyarka River 26.25 

 

B. mesezhnikovi Cylindroteuthis -0.37 8 4 
 

KH17c; 2.75 2 Boyarka River 26.25 

 

B. mesezhnikovi Cylindroteuthis -0.11 9 4 
 

KH17c; 3.40 Boyarka River 26.90 

 

B. mesezhnikovi Acroteuthis 1.34 10 5 
 

KH13; 2.30 Boyarka River 56.80 

 

N. klimovskiensis Pachyteuthis -0.06 20 18 
 

KH13; 3.05 1 Boyarka River 57.55 

 

N. klimovskiensis Acroteuthis 0.11 7 6 
 

KH13; 3.05 2 Boyarka River 57.55 

 

N. klimovskiensis Acroteuthis 0.43 11 7 
 

KH13; 3.35 A i Boyarka River 57.85 

 

N. klimovskiensis Pachyteuthis 1.25 6 6 
 

KH13; 3.35 A ii Boyarka River 57.85 

 

N. klimovskiensis Pachyteuthis 1.56 5 5 
 

KH13; 3.45 1 Boyarka River 57.95 

 

N. klimovskiensis Acroteuthis 0.69 9 8 
 

KH13; 3.45 2 Boyarka River 57.95 

 

N. klimovskiensis Acroteuthis 0.60 7 12 
 

KH13; T5 Boyarka River 58.50 

 

N. klimovskiensis Acroteuthis 1.30 8 9 
 

KH13; 4.35 Boyarka River 58.85 

 

N. klimovskiensis Acroteuthis 0.26 10 8 
 

KH18; 2.85 Boyarka River 140.35 

 

N. klimovskiensis Indet. -0.01 9 23 
 

KH18; 7.10 Boyarka River 144.60 

 

P. michalskii–P. polyptychus Pachyteuthis -0.25 9 5 
 

KH18; 10.50 i Boyarka River 148.00 

 

P. michalskii–P. polyptychus Acroteuthis -0.11 16 12 
 

KH18; 10.50 ii Boyarka River 148.00 

 

P. michalskii–P. polyptychus Acroteuthis -0.80 16 11 
 

KH18; 10.90 Boyarka River 148.40 

 

P. michalskii–P. polyptychus ?Cylindroteuthis 0.95 9 9 
 

KH18; 11.20 Boyarka River 148.70 

 

P. michalskii–P. polyptychus Indet. 1.32 13 14 
 

KH18; 27.00 Boyarka River 164.50 

 

P. michalskii–P. polyptychus Lagonibelus 1.20 10 4 
 

KH1-4b; -20.00 A Boyarka River 250.50 

 

P. michalskii–P. polyptychus Acroteuthis 2.73 13 8 
 

KH1-4b; -20.00 B Boyarka River 250.50 

 

P. michalskii–P. polyptychus Acroteuthis 2.96 5 5 
 

KH1-4; 4.00 A Boyarka River 262.00 

 

D. bidichotomus ?Cylindroteuthis 4.24 15 3 
 

KH1-4; 4.10 i Boyarka River 262.10 

 

D. bidichotomus Cylindroteuthis 3.43 13 9 
 

KH1-4; 4.10 ii Boyarka River 262.10 

 

D. bidichotomus Cylindroteuthis 3.30 10 10 
 

KH1-4; 4.30 Boyarka River 262.30 

 

D. bidichotomus Cylindroteuthis 2.35 8 13 
 

KH1-4; 4.40 1 Boyarka River 262.40 

 

D. bidichotomus Pachyteuthis 2.36 11 8 
 

KH1-4; 4.40 2 Boyarka River 262.40 

 

D. bidichotomus Pachyteuthis 1.68 17 8 
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KH1-4; 10.70 Boyarka River 268.70 

 

D. bidichotomus ?Pachytuethis 3.61 9 13 
 

KH1-4; 21.00 Boyarka River 279.00 

 

D. bidichotomus Acroteuthis 1.33 10 39 
 

KH1-4; 21.40 Boyarka River 279.40 

 

H. bojarkensis Cylindroteuthis 1.00 13 39 
 

KH1-4; 32.30 A* Boyarka River 290.30 

 

H. bojarkensis Cylindroteuthis 1.52 52 149 
 

KH1-4; 32.30 B Boyarka River 290.30 

 

H. bojarkensis Cylindroteuthis 1.65 6 10 
 

KH1-4; 47.10 Boyarka River 305.10 

 

H. bojarkensis Cylindroteuthis 1.72 7 12 
 

KH1-4; 61.10 Boyarka River 319.10 

 

H. bojarkensis Cylindroteuthis 1.13 13 10 
 

PC4; A Izhma River 0.0 
 

Pseudocraspedites & Surites Pachyteuthis -0.23 21 4 
 

PC4; B Izhma River 0.0 
 

Pseudocraspedites & Surites Lagonibelus 0.33 56 9 
 

PC7.a1 Ai Izhma River 16.7 
 

S. tzikwinianus‒ N. klimovskiensis Pachyteuthis 0.30 20 7 
 

PC7.a1 Aii Izhma River 16.7 
 

S. tzikwinianus‒ N. klimovskiensis Pachyteuthis 0.64 19 6 
 

PC7.a1 B Izhma River 16.7 
 

S. tzikwinianus‒ N. klimovskiensis Indet. -0.02 27 5 
 

PC7.a2 A Izhma River 16.8 
 

S. tzikwinianus‒ N. klimovskiensis Acroteuthis -0.59 19 6 
 

PC7.a2 B Izhma River 16.8 
 

S. tzikwinianus‒ N. klimovskiensis Acroteuthis -0.28 19 9 
 

PC7.b1 Ai Izhma River 16.9 
 

S. tzikwinianus‒ N. klimovskiensis Pachyteuthis 0.10 17 4 
 

PC7.b1 Aii Izhma River 16.9 
 

S. tzikwinianus‒ N. klimovskiensis Pachyteuthis -0.09 18 4 
 

PC7.b1 B Izhma River 16.9 
 

S. tzikwinianus‒ N. klimovskiensis Pachyteuthis -0.64 18 5 
 

PC7.c1 Izhma River 17.3 
 

S. tzikwinianus‒ N. klimovskiensis Indet. -0.55 17 3 
 

PC7.c2 i Izhma River 18.0 
 

S. tzikwinianus‒ N. klimovskiensis Pachyteuthis -0.95 17 8 
 

PC7.c2 ii Izhma River 18.0 
 

S. tzikwinianus‒ N. klimovskiensis Pachyteuthis -0.57 20 7 
 

PC7.c4 A Izhma River 19.5 
 

S. tzikwinianus‒ N. klimovskiensis Pachyteuthis -0.75 19 3 
 

PC7.c4 B Izhma River 19.5 
 

S. tzikwinianus‒ N. klimovskiensis Pachyteuthis 0.10 19 3 
 

PC7.c6 Izhma River 19.8 
 

S. tzikwinianus‒ N. klimovskiensis Indet. -0.18 13 10 
 

PC7.c5 Izhma River 20.0 
 

S. tzikwinianus‒ N. klimovskiensis Acroteuthis 0.66 20 10 
 

PC7.c7 i Izhma River 21.2 
 

S. tzikwinianus‒ N. klimovskiensis Pachyteuthis 0.39 9 4 
 

PC7.c7 ii Izhma River 21.2 
 

S. tzikwinianus‒ N. klimovskiensis Pachyteuthis 0.73 9 4 
 

PC7.c12* Izhma River 22.3 
 

S. tzikwinianus‒ N. klimovskiensis Indet. 0.64 312 105 
 

PC7.c10* Izhma River 22.7 
 

S. tzikwinianus‒ N. klimovskiensis ?Pachyteuthis -0.36 274 76 
 

PC9a  Izhma River 25.4 
 

N. syzranicum‒ P. michalskii Acroteuthis -0.73 9 5 
 

PC9; G1 Izhma River 26.4 
 

N. syzranicum‒ P. michalskii Acroteuthis -0.01 58 22 
 

PC9; G2 A Izhma River 26.9 
 

N. syzranicum‒ P. michalskii Acroteuthis 0.24 99 26 
 

PC9; G2 B i Izhma River 26.9 
 

N. syzranicum‒ P. michalskii Indet. 0.08 36 17 
 

PC9; G2 B ii Izhma River 26.9 
 

N. syzranicum‒ P. michalskii Indet. 0.19 49 22 
 

PC9; G3 Izhma River 27.4 
 

N. syzranicum‒ P. michalskii Indet. 0.16 9 4 
 

PC9; G4 Izhma River 27.9 
 

N. syzranicum‒ P. michalskii Indet. 0.22 9 2 
 

PC9; G5 Izhma River 28.4 
 

N. syzranicum‒ P. michalskii Pachyteuthis 0.32 17 20 
 

PC9; G6 Izhma River 28.9 
 

N. syzranicum‒ P. michalskii Acroteuthis -0.20 106 34 
 

PC9; G7 i Izhma River 29.4 
 

N. syzranicum‒ P. michalskii Acroteuthis -0.34 12 9 
 

PC9; G7 ii Izhma River 29.4 
 

N. syzranicum‒ P. michalskii Acroteuthis -0.68 48 27 
 

PC9; G8 Izhma River 29.9 
 

N. syzranicum‒ P. michalskii Acroteuthis 0.91 14 9 
 

PC9; G10 Izhma River 30.9 
 

N. syzranicum‒ P. michalskii Acroteuthis 1.61 41 21 
 

PC9; G12 A Izhma River 31.9 
 

P. polyptychus Indet. 3.32 10 8 
 

PC9; G12 B Izhma River 31.9 
 

P. polyptychus Indet. 4.05 9 5 
 

PC9; G14 Ai Izhma River 32.9 
 

P. polyptychus Pachyteuthis 0.59 34 26 
 

PC9; G14 Aii Izhma River 32.9 
 

P. polyptychus Pachyteuthis 0.62 44 29 
 

PC9; G14 B Izhma River 32.9 
 

P. polyptychus Pachyteuthis 2.29 12 7 
 

PC9; G14a Izhma River 33.4 
 

P. polyptychus Pachyteuthis 1.50 9 2 
 

PC9; G15 Izhma River 34.4 
 

P. polyptychus Indet. 2.20 26 23 
 

PC9; G17 i Izhma River 35.4 
 

P. polyptychus Pachyteuthis 1.37 10 7 
 

PC9; G17 ii Izhma River 35.4 
 

P. polyptychus Pachyteuthis 1.45 9 7 
 

PC9; G18 A Izhma River 35.9 
 

P. polyptychus Pachyteuthis 1.28 9 5 
 

PC9; G18 B Izhma River 35.9 
 

P. polyptychus Acroteuthis 2.02 9 4 
 

PC9; G19 Izhma River 36.4 
 

P. polyptychus ?Cylindroteuthis 1.52 11 4 
 

PC9; G20 Ai Izhma River 36.7 
 

P. polyptychus Acroteuthis 0.90 8 2 
 

PC9; G20 Aii Izhma River 36.7 
 

P. polyptychus Acroteuthis 1.19 8 2 
 

PC9; G20 B Izhma River 36.7 
 

P. polyptychus ?Pachyteuthis 1.45 10 4 
 

PC9; G21 Izhma River 37.0 
 

P. polyptychus Indet. 2.12 8 2 
 

PC9; G24 Izhma River 38.9 
 

P. polyptychus Acroteuthis 0.80 8 5 
 

PC9; G25 Ai Izhma River 39.4 
 

P. polyptychus Indet. 0.85 9 6 
 

PC9; G25 Aii Izhma River 39.4 
 

P. polyptychus Indet. 1.01 9 6 
 

PC9; G25 B Izhma River 39.4 
 

P. polyptychus Indet. 1.35 9 3 
 

PC5; A Izhma River 44.4 
 

D. bidichotomus Pachyteuthis 1.44 17 3 
 

PC5; B Izhma River 44.4 
 

D. bidichotomus Pachyteuthis 1.32 18 3 
 

PC5; C Izhma River 44.4 
 

D. bidichotomus Pachyteuthis 1.83 16 3 
 

PC6.3 Ai Izhma River 50.7 
 

D. bidichotomus Acroteuthis 1.60 20 16 
 

PC6.3 Aii Izhma River 50.7 
 

D. bidichotomus Acroteuthis 1.62 19 19 
 

PC6.3 B Izhma River 50.7 
 

D. bidichotomus Indet. 1.88 19 6 
 

PC6.4 Izhma River 52.4 
 

D. bidichotomus ?Pachyteuthis 1.91 28 15 
 

PC6.5 Izhma River 56.1 
 

D. bidichotomus Pachyteuthis 1.53 19 4 
 

PC6.6 Izhma River 60.1 
 

D. bidichotomus Acroteuthis 2.67 16 16 
 

 



Sample ID Height 

(m) 

 Ammonite zone Preservation δ
13

Cwood 

(‰) 

KH16; -0.25 0.75 
 

H. kochi Charcoal -24.03 

KH16; 0.90 1.90 
 

H. kochi Charcoal-coal -24.29 

KH16; 1.00 A 2.00 
 

H. kochi Charcoal-coal -25.08 

KH16; 1.00 B 2.00 
 

H. kochi Charcoal-coal -24.78 

KH16; 1.10 2.10 
 

H. kochi Charcoal-coal -26.98 

KH16; 1.60 2.60 
 

H. kochi Charcoal-coal -24.53 

KH16; 1.70 2.70 
 

H. kochi Charcoal-coal -23.81 

KH16; 1.85 2.85 
 

H. kochi Coal -24.33 

KH16; 2.10 3.10 
 

H. kochi Coal -23.77 

KH16; 2.50 3.50 
 

H. kochi Charcoal-coal -25.43 

KH16; 3.50 4.50 
 

S. subquadratus–C. analogus Charcoal-coal -25.46 

KH16; 3.80 4.80 
 

S. subquadratus–C. analogus Coal -24.95 

KH17a; 0.25 B 21.75 
 

B. mesezhnikovi Charcoal -26.20 

KH17c; 2.25 A 25.75 
 

B. mesezhnikovi Charcoal-coal -24.71 

KH17c; 2.25 B 25.75 
 

B. mesezhnikovi Charcoal-coal -24.43 

KH17c; 2.25 C 25.75 
 

B. mesezhnikovi Charcoal -26.72 

KH17c; 2.50 26.00 
 

B. mesezhnikovi Coal -24.88 

KH17c; 2.90 26.40 
 

B. mesezhnikovi Coal -23.74 

KH13; 1.30 55.80 
 

N. klimovskiensis Charcoal -24.45 

KH13; 1.50 56.00 
 

N. klimovskiensis Charcoal -26.62 

KH13; 1.70 56.20 
 

N. klimovskiensis Charcoal -25.30 

KH13; 2.05 56.55 
 

N. klimovskiensis Charcoal -25.28 

KH13; 2.40 56.90 
 

N. klimovskiensis Charcoal -24.30 

KH13; 2.60 57.10 
 

N. klimovskiensis Charcoal -24.87 

KH13; 3.20 57.70 
 

N. klimovskiensis Charcoal -26.22 

KH13; 3.30 57.80 
 

N. klimovskiensis Charcoal -24.39 

KH13; 3.90 58.40 
 

N. klimovskiensis Charcoal-coal -26.42 

KH13; 4.45 A 58.95 
 

N. klimovskiensis Charcoal-coal -24.72 

KH13; 4.45 B 58.95 
 

N. klimovskiensis Charcoal-coal -24.33 

KH13; 4.45 C 58.95 
 

N. klimovskiensis Charcoal -25.06 

KH13; 5.25 A 59.75 
 

N. klimovskiensis Charcoal -24.33 

KH13; 5.40 59.90 
 

N. klimovskiensis Charcoal-coal -27.20 

KH13; 5.60 60.10 
 

N. klimovskiensis Coal -24.31 

KH13; 6.10 60.60 
 

N. klimovskiensis Charcoal-coal -24.50 

KH13; 6.30 60.80 
 

N. klimovskiensis Charcoal-coal -24.40 

KH13; 7.90 62.40 
 

N. klimovskiensis Coal -25.25 

KH13; 8.90 A 63.40 
 

N. klimovskiensis Charcoal -23.86 

KH13; 8.90 B 63.40 
 

N. klimovskiensis Charcoal -24.00 

KH13; 15.60 A 70.10 
 

N. klimovskiensis Coal -24.65 

KH13; 15.60 B 70.10 
 

N. klimovskiensis Coal -24.74 

KH18; 0.60 138.10 
 

N. klimovskiensis Charcoal-coal -25.19 

KH18; 1.75 139.25 
 

N. klimovskiensis Charcoal-coal -24.98 

KH18; 1.80 139.30 
 

N. klimovskiensis Charcoal-coal -25.30 

KH18; 2.30 139.80 
 

N. klimovskiensis Coal -24.90 

KH18; 2.80 140.30 
 

N. klimovskiensis Charcoal-coal -25.12 

KH18; 5.45 142.95 
 

N. klimovskiensis Charcoal-coal -24.38 

KH18; 5.85 143.35 
 

N. klimovskiensis Charcoal-coal -23.20 

KH18; 6.30 A 143.80 
 

P. michalskii–P. polyptychus Charcoal -23.31 

KH18; 6.30 B 143.80 
 

P. michalskii–P. polyptychus Coal -23.70 

KH18; 6.30 C 143.80 
 

P. michalskii–P. polyptychus Charcoal -24.13 

KH18; 6.60 144.10 
 

P. michalskii–P. polyptychus Charcoal-coal -25.20 

KH18; 8.40 145.90 
 

P. michalskii–P. polyptychus Charcoal -24.32 

KH18; 8.55 146.05 
 

P. michalskii–P. polyptychus Charcoal-coal -23.78 

KH18; 8.65 A 146.15 
 

P. michalskii–P. polyptychus Charcoal -24.11 

KH18; 8.65 B 146.15 
 

P. michalskii–P. polyptychus Charcoal-coal -24.98 

KH18; 10.00 147.50 
 

P. michalskii–P. polyptychus Charcoal-coal -24.55 

KH1-4b; -20.05 250.45 
 

P. michalskii–P. polyptychus Charcoal -23.15 

KH1-4b; -20.00 250.50 
 

P. michalskii–P. polyptychus Charcoal -23.96 

KH1-4b; -16.60 253.90 
 

D. bidichotomus Coal -23.17 

KH1-4b; -15.50 255.00 
 

D. bidichotomus Charcoal-coal -23.85 

KH1-4; -1.10 256.90 
 

D. bidichotomus Charcoal -23.47 

KH1-4; -0.80 A 257.20 
 

D. bidichotomus Charcoal-coal -23.92 

KH1-4; -0.80 B 257.20 
 

D. bidichotomus Charcoal-coal -23.35 

KH1-4b; -13.15 257.35 
 

D. bidichotomus Charcoal-coal -22.55 

KH1-4; -0.60 257.40 
 

D. bidichotomus Charcoal-coal -22.83 

KH1-4; -0.40 257.60 
 

D. bidichotomus Charcoal-coal -25.16 

KH1-4; -0.30 257.70 
 

D. bidichotomus Charcoal-coal -24.21 

KH1-4; 0.05 258.05 
 

D. bidichotomus Charcoal-coal -23.06 

KH1-4; 0.90 258.90 
 

D. bidichotomus Coal -24.90 

KH1-4; 1.30 259.30 
 

D. bidichotomus Charcoal-coal -22.71 

KH1-4; 1.70 A 259.70 
 

D. bidichotomus Coal -22.91 
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KH1-4; 1.70 B 259.70 
 

D. bidichotomus Charcoal -22.75 

KH1-4; 2.00 260.00 
 

D. bidichotomus Coal -22.00 

KH1-4; 2.20 260.20 
 

D. bidichotomus Charcoal-coal -23.24 

KH1-4; 2.35 260.35 
 

D. bidichotomus Charcoal-coal -22.99 

KH1-4; 2.75 260.75 
 

D. bidichotomus Charcoal -22.82 

KH1-4; 2.80 260.80 
 

D. bidichotomus Charcoal-coal -23.81 

KH1-4; 3.25 A 261.25 
 

D. bidichotomus Charcoal-coal -23.85 

KH1-4; 3.25 B 261.25 
 

D. bidichotomus Charcoal-coal -22.73 

KH1-4; 3.30 261.30 
 

D. bidichotomus Charcoal -22.85 

KH1-4; 3.40 261.40 
 

D. bidichotomus Charcoal-coal -23.58 

KH1-4b; -9.00 261.50 
 

D. bidichotomus Charcoal -22.76 

KH1-4; 3.60 A 261.60 
 

D. bidichotomus Charcoal -22.83 

KH1-4; 3.60 B 261.60 
 

D. bidichotomus Charcoal -24.23 

KH1-4b; -8.80 A 261.70 
 

D. bidichotomus Charcoal-coal -25.34 

KH1-4b; -8.80 B 261.70 
 

D. bidichotomus Charcoal-coal -23.31 
KH1-4; 3.75 261.75 

 
D. bidichotomus Charcoal -23.13 

KH1-4; 3.90 261.90 
 

D. bidichotomus Coal -23.27 

KH1-4b; -8.60 261.90 
 

D. bidichotomus Charcoal-coal -25.23 

KH1-4; 4.00 A 262.00 
 

D. bidichotomus Charcoal-coal -23.32 

KH1-4; 4.00 B 262.00 
 

D. bidichotomus Charcoal -23.95 

KH1-4; 4.10 262.10 
 

D. bidichotomus Charcoal-coal -22.38 

KH1-4; 4.20 262.20 
 

D. bidichotomus Charcoal -22.70 

KH1-4; 4.40 A 262.40 
 

D. bidichotomus Charcoal -23.85 

KH1-4; 4.40 B 262.40 
 

D. bidichotomus Charcoal-coal -21.36 

KH1-4; 4.50 262.50 
 

D. bidichotomus Coal -22.16 

KH1-4b; -8.00 262.50 
 

D. bidichotomus Charcoal-coal -23.24 

KH1-4; 4.80 262.80 
 

D. bidichotomus Coal -23.38 

KH1-4; 5.10 A 263.10 
 

D. bidichotomus Charcoal-coal -24.04 

KH1-4; 5.10 B 263.10 
 

D. bidichotomus Charcoal-coal -24.55 

KH1-4; 5.20 263.20 
 

D. bidichotomus Charcoal -25.00 

KH1-4; 5.30 263.30 
 

D. bidichotomus Charcoal-coal -24.55 

KH1-4; 5.40 263.40 
 

D. bidichotomus Coal -23.72 

KH1-4; 6.00 A 264.00 
 

D. bidichotomus Charcoal-coal -24.60 

KH1-4; 6.00 B 264.00 
 

D. bidichotomus Coal -24.49 

KH1-4; 6.30 A 264.30 
 

D. bidichotomus Coal -25.56 

KH1-4; 6.30 B 264.30 
 

D. bidichotomus Charcoal-coal -24.03 

KH1-4; 6.30 C 264.30 
 

D. bidichotomus Charcoal-coal -25.13 

KH1-4; 7.00 265.00 
 

D. bidichotomus Coal -25.05 

KH1-4; 8.45 266.45 
 

D. bidichotomus Charcoal-coal -24.34 

KH1-4; 8.60 266.60 
 

D. bidichotomus Charcoal-coal -24.37 

KH1-4; 8.90 A 266.90 
 

D. bidichotomus Charcoal -25.16 

KH1-4; 8.90 B 266.90 
 

D. bidichotomus Charcoal-coal -24.12 

KH1-4; 9.30 267.30 
 

D. bidichotomus Charcoal -23.91 

KH1-4; 9.40 267.40 
 

D. bidichotomus Charcoal -23.99 

KH1-4; 9.80 267.80 
 

D. bidichotomus Charcoal-coal -24.35 

KH1-4; 11.40 269.40 
 

D. bidichotomus Coal -24.20 

KH1-4; 11.60 A 269.60 
 

D. bidichotomus Coal -24.17 

KH1-4; 11.60 B 269.60 
 

D. bidichotomus Charcoal-coal -24.23 

KH1-4; 11.80 269.80 
 

D. bidichotomus Coal -21.21 

KH1-4; 12.10 270.10 
 

D. bidichotomus Coal -22.88 

KH1-4; 12.60 270.60 
 

D. bidichotomus Coal -21.99 

KH1-4; 13.00 271.00 
 

D. bidichotomus Coal -25.04 

KH1-4; 13.20 271.20 
 

D. bidichotomus Charcoal-coal -22.94 

KH1-4; 13.60 271.60 
 

D. bidichotomus Charcoal-coal -24.61 

KH1-4; 14.50 272.50 
 

D. bidichotomus Charcoal-coal -25.06 

KH1-4; 15.20 273.20 
 

D. bidichotomus Coal -23.29 

KH1-4; 15.40 A 273.40 
 

D. bidichotomus Coal -23.59 

KH1-4; 15.40 B 273.40 
 

D. bidichotomus Coal -23.28 

KH1-4; 16.00 274.00 
 

D. bidichotomus Charcoal -24.34 

KH1-4; 17.60 275.60 
 

D. bidichotomus Coal -23.33 

KH1-4; 17.80 275.80 
 

D. bidichotomus Coal -23.39 

KH1-4; 18.20 276.20 
 

D. bidichotomus Charcoal-coal -23.38 

KH1-4; 18.50 276.50 
 

D. bidichotomus Coal -24.21 

KH1-4; 19.70 277.70 
 

D. bidichotomus Coal -23.90 

KH1-4; 19.80 277.80 
 

D. bidichotomus Coal -22.50 

KH1-4; 21.00 279.00 
 

D. bidichotomus Charcoal-coal -25.13 

KH1-4; 21.40 279.40 
 

H. bojarkensis Charcoal-coal -25.39 

KH1-4; 21.60 A 279.60 
 

H. bojarkensis Coal -22.75 

KH1-4; 21.60 B 279.60 
 

H. bojarkensis Coal -23.57 

KH1-4; 22.60 280.60 
 

H. bojarkensis Charcoal-coal -25.56 

KH1-4; 23.80 281.80 
 

H. bojarkensis Coal -24.68 

KH1-4; 24.30 282.30 
 

H. bojarkensis Coal -23.59 

KH1-4; 25.80 283.80 
 

H. bojarkensis Charcoal-coal -23.91 

KH1-4; 26.80 284.80 
 

H. bojarkensis Coal -24.85 



KH1-4; 26.90 284.90 
 

H. bojarkensis Coal -24.91 

KH1-4; 27.30 285.30 
 

H. bojarkensis Charcoal-coal -23.77 

KH1-4; 27.90 A 285.90 
 

H. bojarkensis Charcoal-coal -24.99 

KH1-4; 27.90 B 285.90 
 

H. bojarkensis Charcoal-coal -23.19 

KH1-4; 28.15 286.15 
 

H. bojarkensis Coal -23.92 

KH1-4; 28.70 286.70 
 

H. bojarkensis Charcoal-coal -23.33 

KH1-4; 30.00 288.00 
 

H. bojarkensis Coal -23.02 

KH1-4; 30.70 288.70 
 

H. bojarkensis Charcoal-coal -23.81 

KH1-4; 31.90 289.90 
 

H. bojarkensis Coal -23.63 

KH1-4; 32.10 290.10 
 

H. bojarkensis Charcoal-coal -25.70 

KH1-4; 32.30 290.30 
 

H. bojarkensis Charcoal-coal -23.43 

KH1-4; 35.70 293.70 
 

H. bojarkensis Coal -23.91 

KH1-4; 41.30 299.30 
 

H. bojarkensis Coal -23.15 

KH1-4; 41.90 299.90 
 

H. bojarkensis Coal -23.97 

KH1-4; 42.00 300.00 
 

H. bojarkensis Coal -23.55 

KH1-4; 42.30 300.30 
 

H. bojarkensis Coal -24.03 

KH1-4; 43.10 301.10 
 

H. bojarkensis Charcoal -23.00 

KH1-4; 43.50 301.50 
 

H. bojarkensis Coal -24.27 

KH1-4; 47.10 A 305.10 
 

H. bojarkensis Coal -23.25 

KH1-4; 47.10 B 305.10 
 

H. bojarkensis Coal -23.76 

KH1-4; 49.90 307.90 
 

H. bojarkensis Coal -23.54 

KH1-4; 52.70 310.70 
 

H. bojarkensis Charcoal-coal -22.62 

KH1-4; 54.00 312.00 
 

H. bojarkensis Charcoal-coal -23.39 

KH1-4; 59.30 317.30 
 

H. bojarkensis Coal -24.67 

KH1-4; 61.40 319.40 
 

H. bojarkensis Charcoal -23.99 

KH1-4; 61.60 319.60 
 

H. bojarkensis Coal -23.12 

KH1-4; 62.10 320.10 
 

H. bojarkensis Coal -24.68 

KH1-4; 64.00 322.00 
 

H. bojarkensis Charcoal-coal -24.39 
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