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ABSTRACT 
 

During the last decades, increasing evidence suggest a link between δ13C excursions, oceanic 

anoxic events and biotic extinctions. Examining how organisms react throughout such δ13C events 

can provide a framework to study relationships between environmental and ecological changes of 

the earth. This study evaluates how chitinozoan assemblages react throughout such large-scale 

geochemical events by studying two similar and postulated anoxic δ13C events, the Guttenberg 

Isotopic Carbon Excursion (GICE) from the Upper Ordovician and The Hangenberg Event from the 

Upper Devonian.  

Thirty rock samples from two parallel Upper Devonian sections in Utah were dissolved and 

analyzed for chitinozoans. The stratigraphic interval includes, in stratigraphic order, the Pilot Shale 

and Joanna Limestone. This study however didn’t result in the recovery of any chitinozoan 

specimens. 

In addition, twenty rock samples, corresponding to a stratigraphic interval ranging from the upper 

Sandbian to the lower Katian, were dissolved and analyzed for chitinozoans. This stratigraphic 

interval includes, in stratigraphic order, the Decorah and Galena formations. Chitinozoan 

assemblages  from the Langer Core (Wisconsin, USA) are described and related to stable carbon 

isotope stratigraphy which resulted in an abundant, well preserved recovery of chitinozoans from 

the Langer Core. Although more research is needed, this study suggests that a faunal turnover of 

chitinozoan assemblages takes place during and after the GICE. 
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DUTCH ABSTRACT 
 

 De geschiedenis van de aarde kent verschillende periodes, gekenmerkt door dramatische 

klimaatsveranderingen die meestal gepaard gaan met ernstige biodiversiteitscrisissen. De 

laatste jaren zijn er meer en meer studies die aantonen dat er een link bestaat tussen 

bepaalde extinctie-events,  anoxia in de oceanen en positieve koolstof isotopen (δ13C). 

Vooral met de opwarming van het klimaat kan het belangrijk zijn om te weten hoe 

mariene organismen reageren op lange perioden van anoxia in de oceanen. Chitinozoa 

zijn microfossielen die vaak worden gebruikt om biostratigrafische studies uit te voeren. 

Ze zijn hier de ideale kandidaat voor dankzij hun snelle evolutie, grote vormvariatie en 

hun wereldwijde voorkomen. 

 

Deze MSc thesis onderzoekt hoe assemblages van microfossielen, chitinozoa, reageren op 

een positieve carbon isotoop excursie. Twee veronderstelde anoxische δ13C  events 

worden geëvalueerd:  het eerste event is een positieve carbon isotoop excursie in het 

bovenste Ordovicium, genaamd de Guttenberg Carbon Positive Isotope Excursion (GICE). 

Het tweede event is gelegen op het einde van het Devoon en wordt het Hangenberg 

Event genoemd. Dit event is een massa-extinctie op het einde van het Devoon en is 

gelinkt met een positieve carbon isotoop excursie en het afzetten van zwarte shales. 

Verder wordt het Event gecorreleerd met het uitsterven van de chitinozoa en andere 

groepen.   

 

In het totaal werden dertig stalen van het Bovenste Devoon opgelost en geanalyseerd op 

chitinozoans. Deze stalen zijn afkomstig van twee parallelle secties in Utah, USA. De 

secties bevatten de Pilot Shale Formatie en de Joanna Limestone. Twintig stalen van het 

Bovenste Ordovicium werden opgelost en geanalyseerd op chitinozoa. De stalen komen 

van de Langer Core, gelegen in Wisconsin, USA en bevatten de Decorah en Galena 

Formaties van het bovenste Sandbian en onderste Katian. De core werd zodanig 

gesampled dat de meeste stalen zich in het GICE interval bevonden en zowel en paar 

oudere als jongere strata werden gesampled om te kijken hoe deze chitinozoa 

assemblages zich verhouden tegenover de assemblages tijdens de GICE. 

 

De dertig stalen van het Devoon bevatten, buiten veel organisch materiaal en hoogstens 

een paar slecht bewaarde scolecodonten, geen chitinozoa. Aangezien de microfossielen 

op het einde van het Devoon uitsterven, is er een mogelijkheid dat ze reeds (lokaal) 

uitgestorven waren op de geanalyseerde secties. De stalen van de Langer Core 

daarentegen bevatte zeer veel, goed bewaarde chitinozoa. In het totaal werden 6761 

‘organismen’ uitgepikt, waarvan er 6398 op soortsniveau konden worden 

gedetermineerd. Dit resulteerde in de identificatie van 20 soorten die allemaal werden 

beschreven in deze studie.                                                      
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De gevonden assemblages van de Langer Core werden geclassifieerd in drie groepen: Pre-

GICE assemblages, GICE-assemblages en de post-GICE assemblages. De similariteit van de 

stalen werd onderzocht met behulp van een Multidimensional scaling (MDS) plot. Ook 

werden de chitinozoa species per staal uitgezet tegenover de koolstofcurve van de Langer 

Core en werd er gekeken naar de totale abundantie van de chitinozoa, de absolute en 

relatieve species-abundantie per staal en ook naar de absolute en relatieve abundantie van 

de aanwezige genera in de assemblages.  

 

Uit deze studie kan worden geconcludeerd dat er tijdens het GICE interval een turnover 

plaatsvindt van de chitinozoa assemblages. Deze turnover gebeurt niet meteen, maar lijkt 

in twee stappen te gebeuren. Eerst zien we een vermindering inde abundanties van de 

chitinozoa assemblages , waarna de Pre-GICE assemblage quasi volledig wordt vervangen 

door andere soorten.   
 

 



 

 
 



 

IX 
 

TABLE OF CONTENTS 

 

ACKNOWLEDGEMENTS ........................................................................................................................................ II 

ABSTRACT .......................................................................................................................................................... IV 

DUTCH ABSTRACT .............................................................................................................................................. VI 

TABLE OF CONTENTS .......................................................................................................................................... IX 

FIGURENLIJST ..................................................................................................................................................... XI 

TABELLENLIJST ................................................................................................................................................... XII 

1 INTRODUCTION .......................................................................................................................................... 13 

1.1 OBJECTIVES .................................................................................................................................................. 14 
1.2 THE ORDOVICIAN PERIOD (488.3 TO 443.7 MILLION YEARS AGO) ......................................................................... 14 

1.2.1 Chronostratigraphy............................................................................................................................. 14 
1.2.2 Palaeogeography and climate ............................................................................................................ 15 
1.2.3 The Great Ordovician Biodiversification Event ................................................................................... 15 
1.2.4 The GICE interval ................................................................................................................................ 17 

1.3  THE DEVONIAN PERIOD ( 416 TO 358 MILLION YEARS AGO) ................................................................................. 19 
1.3.1 Chronostratigraphy............................................................................................................................. 19 
1.3.2 Palaeogeography and climate ............................................................................................................ 20 
1.3.3 The Hangenberg Event ....................................................................................................................... 21 

2 GEOLOGICAL SETTING ................................................................................................................................ 22 

2.1 THE UPPER MISSISSIPPI VALLEY ....................................................................................................................... 22 
2.1.1 Sample location .................................................................................................................................. 22 
2.1.2  Lithostratigraphy ............................................................................................................................... 23 

2.2 MILLARD COUNTY ......................................................................................................................................... 24 
2.2.1 Sample location .................................................................................................................................. 24 
2.2.2 Lithostratigraphy ................................................................................................................................ 26 

3 CHITINOZOANS .......................................................................................................................................... 27 

4 METHODOLOGY ......................................................................................................................................... 29 

4.1 SAMPLING AND SAMPLE SELECTION ................................................................................................................... 29 
4.2  SAMPLE PREPARATION ................................................................................................................................... 29 
4.3  LIGHT MICROSCOPY & SCANNING ELECTRON MICROSCOPY (SEM) .......................................................................... 30 
4.4  IDENTIFICATION ............................................................................................................................................ 30 

5 RESULTS ..................................................................................................................................................... 32 

5.1  PALYNOLOGICAL ANALYSIS .............................................................................................................................. 32 
5.1.1 Conger Mountain & Burbank Hills ............................................................................................................ 32 
5.1.2 Langer Core .............................................................................................................................................. 32 

5.2 RANGE CHART .............................................................................................................................................. 33 
5.3 SYSTEMATIC PALEONTOLOGY ........................................................................................................................... 35 

6 DISCUSSION ............................................................................................................................................... 48 



 

X 
 

7 CONCLUSION ............................................................................................................................................. 55 

8 REFERENCES ............................................................................................................................................... 56 

 

  



 

XI 
 

Figurenlijst 
 

FIGURE 1.1 CORRELATION BETWEEN THE GLOBAL SERIES AND STAGES AND THE REGIONAL BRITISH & NORTH AMERICAN 

CHRONOSTRATIGRAPHIC UNITS OF THE ORDOVICIAN. .................................................................................................... 14 
FIGURE 1.2 PALAEOGEOGRAPHIC RECONSTRUCTION OF EARTH IN THE MIDDLE ORDOVICIAN AT CA. 460 MA.. ................................ 15 
FIGURE 1.3 DIVERSITY CURVE OF MARINE INVERTEBRATES THROUGH PHANEROZOIC TIME.. .......................................................... 16 
FIGURE 1.4 UPPER ORDOVICIAN OVERVIEW WITH THE POSITION OF THE GICE INDICATED BY A RED SQUARE. ................................... 17 
FIGURE 1.5 SUMMARY DIAGRAM SHOWING THE PROPOSED CORRELATION OF KATIAN Δ13C  EXCURSIONS IN SECTIONS FROM NORTH 

AMERICA. ............................................................................................................................................................. 18 
FIGURE 1.6 DEVONIAN OVERVIEW WITH THE CURRENT STANDARD INTERNATIONAL CHRONOSTRATIGRAPHIC DIVISIONS.  .................... 20 
FIGURE 1.7 PALAEOGEOGRAPHIC RECONSTRUCTION OF EARTH IN THE MIDDLE DEVONIAN AT CA. 380 MA. .................................... 20 
FIGURE 1.8 EXTINCTION EPISODES, SEDIMENTOLOGY, AND SEA-LEVEL CHANGES AT THE DEVONIAN/CARBONIFEROUS BOUNDARY. . ..... 21 
FIGURE 1.9 SUMMARY DIAGRAM FROM Δ13C  EXCURSIONS FROM DEVONIAN/CARBONIFEROUS BOUNDARY SECTIONS IN EUROPE AND 

NORTH AMERICA ................................................................................................................................................... 21 
 

FIGURE 2. 1 GEOGRAPHICAL LOCATION OF THE STUDIED SECTION IN THE USA.. ......................................................................... 22 
FIGURE 2.2 A. LOCALITY OF THE LANGER CORE IN THE UPPER MISSISSIPPI VALLEY REGION (WISCONSIN, USA). B. 

CHRONOSTRATIGRAPHY FOR THE MIDCONTINENT AND EASTERN UNITED STATES (UPPER ORDOVICIAN). ................................. 22 
FIGURE 2.3 CROSS SECTION OF THE DECORAH FORMATION SHOWING LITHOLOGIC AND K-BENTONITE CORRELATION. ........................ 24 
FIGURE 2.4 DEVONIAN OUTCROPS IN MILLARD COUNTY........................................................................................................ 25 
FIGURE 2.5 A. GEOGRAPHICAL LOCATION OF THE STUDIED SECTION. B. OUTLINE OF BEDROCK EXPOSURES OF MILLARD COUNTY. ....... 25 
FIGURE 2.6 CHRONOSTRATIGRAPHY FOR THE DEVONIAN STRATA IN MILLARD COUNTY.  .............................................................. 26 
 

FIGURE 3.1 DIFFERENCE IN ON-SHELF AND OFF-SHELF LATERAL DIFFERENTIATION BETWEEN GRAPTOLITES AND CHITINOZOANS.  .......... 27 
FIGURE 3.2 GENERAL MORPHOLOGY AND TERMINOLOGY OF A CHITINOZOAN VESICLE. ................................................................. 28 
FIGURE 3.3 A. BASIC CHAMBER SHAPES OF CHITINOZOANS; B. MAIN LINKAGE TYPES IN CHITINOZOANS. ......................................... 28 
 

FIGURE 4.1 A. CHITINOZOANS ON A CIRCULAR GLASS CARRIER VIEWED THROUGH A STEREOMICROSCOPE; B. STUBS COATED WITH AU. . 30 
FIGURE 4.2 A FEW COMMON VESICLE WALL ORNAMENTATIONS OF CHITINOZOANS. .................................................................... 31 
 

FIGURE 5.1 GRAPH SHOWING THE ESTIMATED CHITINOZOANS PER GRAM OF ROCK FOR EACH SAMPLE FOR THE LANGER CORE.  ........... 32 
FIGURE 5.2 STRATIGRAPHIC OCCURRENCES AND RANGES OF ALL FOUND CHITINOZOAN SPECIES FROM THE LANGER CORE. .................. 34 
FIGURE 5.3 ILLUSTRATIONS OF SEVERAL OF THE PARAMETERS AND MORPHOLOGICAL FEATURES USED FOR THE SYSTEMATIC DESCRIPTION 

OF THE CHITINOZOAN SPECIES. .................................................................................................................................. 35 
 

FIGURE 6.1 MDS PLOT OF THE SAMPLES FROM THE LANGER CORE LABELED PER LITHOSTRATIGRAPHIC MEMBER............................... 50 
FIGURE 6.2 ABSOLUTE ABUNDANCES AND SPECIES DIVERSITY FOR EACH SAMPLE PLOTTED AGAINST THE Δ13C CURVE FROM THE LANGER 

CORE. .................................................................................................................................................................. 51 
FIGURE 6.3 RELATIVE ABUNDANCES OF THE RECOVERED GENERA PLOTTED AGAINST THE Δ

13
C CURVE FROM THE LANGER CORE. .......... 53 

  



 

XII 
 

Tabellenlijst  

 
TABLE 1 TABLE WITH THE ABSOLUTE AMOUNTS OF CHITINOZOAN SPECIMENS COLLECTED FROM EACH SAMPLE FOR ALL RESPECTIVE SPECIES 

FROM THE LANGER CORE. ........................................................................................................................................ 33 
TABLE 2 DIMENSIONS OF 10 COMPLETE SPECIMENS OF BELONECHITINA DUPLICITAS. .................................................................. 37 
TABLE 3 DIMENSIONS OF  56 COMPLETE SPECIMENS OF BELONECHITINA CF. MICRACANTHA. ........................................................ 37 
TABLE 4 DIMENSIONS OF  66 COMPLETE SPECIMENS OF BELONECHITINA ROBUSTA. .................................................................... 38 
TABLE 5 DIMENSIONS OF  55 COMPLETE SPECIMENS OF BELONECHITINA CF. ROBUSTA. ................................................................ 39 
TABLE 6 DIMENSIONS OF 52 COMPLETE SPECIMENS OF BELONECHITINA SP.1. ........................................................................... 40 
TABLE 7 DIMENSIONS OF 52 COMPLETE SPECIMENS OF BELENOCHITINA SP.2. ........................................................................... 40 
TABLE 8 DIMENSIONS OF  24 COMPLETE SPECIMENS OF BELENOCHITINA SP.3. ........................................................................... 41 
TABLE 9 DIMENSIONS OF  51 COMPLETE SPECIMENS OF BELENOCHITINA SP.4. ........................................................................... 42 
TABLE 10 DIMENSIONS OF 102 COMPLETE SPECIMENS OF HERCOCHITINA REPSINATA. ................................................................ 42 
TABLE 11 DIMENSIONS OF  63 COMPLETE SPECIMENS OF SPINACHITINA SP.1. ........................................................................... 43 
TABLE 12 DIMENSIONS OF 20 COMPLETE SPECIMENS OF CONOCHITINA MINNESOTENSIS. ............................................................ 44 
TABLE 13 DIMENSIONS OF 6 COMPLETE SPECIMENS OF CYATHOCHITINA BREVIS. ........................................................................ 45 
TABLE 14 DIMENSIONS OF 9 COMPLETE SPECIMENS OF CYATHOCHITINA LATIPATAGIUM. ............................................................. 46 
TABLE 15 DIMENSIONS OF 19 COMPLETE SPECIMENS OF FUNGOCHITINA ACTONICA. ................................................................... 46 
TABLE 16 DIMENSIONS OF  12 COMPLETE SPECIMENS OF FUNGOCHITINA LEPTA. ........................................................................ 47 
TABLE 17 DIMENSIONS OF 10 COMPLETE SPECIMENS OF FUNGOCHITINA SPINIFERA. ................................................................... 47 
 

wx



 

13 
 

 

1 INTRODUCTION 
 

Stratigraphy is concerned with the study of rock layers (strata) and layering (stratification). 

Biostratigraphy uses fossils to establish the relative age/stratigraphic position of rocks and correlate 

successions of sedimentary rocks. Chitinozoans are organic-walled microfossils which are frequently 

used for high resolution biostratigraphy. They are considered to be a large component of the 

Palaeozoic zooplankton (Grahn & Paris, 2010).  

Chemostratigraphy is the study of chemical signatures within sedimentary successions. The past 

few decades, it has proven to be a powerful tool for palaeonvironmental reconstructions and to 

determine local and global stratigraphic correlations (Scholle & Arthur 1980; Renard 1986). Stable 

carbon isotopes are one of the most important isotope systems used in chemostratigraphy. A 

geochemical or chemostratigraphic event is, in this study, an event where a deviation from the 

baseline is recorded in the carbon isotope values. Positive carbon isotope excursions are intervals 

with increased δ13C values (13C/12C ratios) and are generally accepted as a result of an increased 

productivity or an enhanced burial of (isotopically) light organic carbon (Wenzel & Joachimski, 1996; 

Cramer & Saltzman, 2005). These excursions are indicators of major disturbances of the oceanic 

carbon cycles (Kump and Arthur, 1999; Ludvigson et al., 2004).  

During the evolution of life, there have been numerous episodes of dramatic environmental and 

ecological change (Barnes et al., 1996). Many correlations are documented between δ13C events 

and these episodes, for instance between the geochemical signatures of the Hangenberg Event and 

major extinctions at the end of the Devonian (Caplan & Bustin, 1999). Such correlations are 

generally interpreted to reflect cause-and-effect interrelationships. Alternatively, these correlations 

can be due to an imprecise reading of the stratigraphic record, studied (or available) at insufficiently 

high resolution to suggest causal links between the recorded environmental signal and the response 

of the biosphere. Combining biostratigraphy and chemostratigraphy can contribute to a higher 

resolution of the sedimentary record and thus result in a more reliable outcome. Especially since 

the recent interest in climatic events, it is important to have an idea how organisms react 

throughout large-scale events.  

During the last decades, increasing evidence has been found for a link between δ13C  excursions, 

significant biotic extinctions and episodes of oceanic anoxic events (Sepkoski, 1991; Joachimski & 

Buggisch, 1993; Jenkyns, 2010; McLaughlin et al., 2012; Vandenbroucke et al., 2015). Recent 

literature suggests that the deposition of black shales during anoxic conditions might have played a 

significant role in controlling the carbon cycle and climate (Page et al., 2007). Other evidence 

suggests that ocean anoxia was essential for the development of these δ13C excursions (Jenkyns, 

2010). The Guttenberg Isotopic Carbon Excursion (GICE) is situated in the Upper Ordovician and is 

recognized as a positive excursion with a clear peak value in the δ13C record. The Hangenberg Event 

in the Upper Devonian is a first order mass-extinction which is also linked to a positive carbon 

excursion and the deposition of black shales. This mass-extinction is thought to have caused the 

extinction of chitinozoans and many other marine groups. 
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1.1 Objectives 
 

This research focuses on the effect of disturbed oceanic conditions on chitinozoan assemblages. 

Examining how organisms react throughout a geochemical event can provide a framework to 

study relationships between environmental and ecological changes of the earth. Two similar and 

postulated anoxic δ13C events will be evaluated. The first event is the GICE interval in the Upper 

Ordovician where we will evaluate if, and in what way chitinozoans assemblages are affected by a 

positive δ13C excursion. The second event is the Hangenberg Event in the Upper Devonian which is 

thought to have caused the extinction of the chitinozoans. Based on an high-resolution study in 

two parallel key sections of the Hangenberg crisis, we want to investigate when and how the final 

extinction of the chitinozoan clade happened. This study evaluates if a faunal turnover of 

chitinozoan assemblages can be observed during a large-scale geochemical event (the GICE) and if 

chitinozoans are present in two parallel sections of the Hangenberg Event at the end of the 

Devonian. 

 

1.2 The Ordovician Period (488.3 to 443.7 million years ago) 

1.2.1 Chronostratigraphy  

 

Globally, the Ordovician has been subdivided into seven stages which are grouped in three series 

with each stage defined by a Global Boundary Stratotype Section and Point (GSSP) (Ogg et al., 

2016). The local regional chronostratigraphy however historically adopted other names based on 

local litho- and biostratigraphy. In North America, the regional subdivisions of the Ordovician uses 

currently four series  and eight stages (Bergström et al., 2009a; Ogg et al., 2016). A correlation 

between the global and regional British & North American chronostratigraphy of the Ordovician is 

given in Figure 1.1. 

 

Figure 1.1 Correlation between the global series and stages 
and the regional British & North American 
chronostratigraphic units of the Ordovician. Modified from 
Bergström et al. (2009a). 
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1.2.2 Palaeogeography and climate 
 

During the Ordovician, the landmass was formed by four major palaeocontinents: Siberia, the 

supercontinent Gondwana, Baltica and Laurentia; North America formed a major part of the latter 

palaeocontinent and was found at an equatorial position (Figure 1.2; Scotese & Mckerrow, 1990).  

 

 
Figure 1.2 Palaeogeographic reconstruction of Earth in the Middle Ordovician at ca. 460 Ma. Modified from 
image at https://deeptimemaps.com/global-series-thumbnails/ (Accessed 22th of  July 2017). 

The Ordovician is considered to have been the Palaeozoic period with the highest sea levels which 

together with the widely dispersed palaeocontinents led to the largest flooding of continental 

shelves and to the development of extensive epicontinental seas (Witzke, 1980; Algeo & 

Seslavinsky, 1995; Barnes, 2004a; Miller et al., 2005). In the past, the Ordovician was believed to 

be a super greenhouse world with a short-lived glaciation during the Hirnantian (Brenchley et al., 

1994). Recent studies however show that there had to be a cooling period prior to the Hirnantian 

glaciation and that the onset of this Early-Palaeozoic Icehouse (EPI) already began in the Early to 

Middle Ordovician (Salzman & Young 2005; Page et al 2007; Trotter, 2008; Vandenbroucke et al., 

2009, 2010; Amberg et al., 2016; Pohl et al.,2016). Trotter’s (2008) conodont 18O apatite record 

suggests an overall cooling trend that began in the Early Ordovician until modern day-like 

temperatures were reached in the Middle Ordovician. These temperatures were sustained 

throughout the Middle and Late Ordovician with the Hirnantian glaciations being the glacial 

maximum (HGM) of the EPI at the end of the Late Ordovician (Page et al., 2007; Vandenbroucke et 

al., 2010).  
 

1.2.3 The Great Ordovician Biodiversification Event 

 

The history of the Earth saw two significant rises in the biodiversity of marine organisms. The first 

one took place during the Early Palaeozoic and includes both the Cambrian explosion and the 

Great Ordovician Biodiversification Event or GOBE (Webby et al., 2004a; Harper, 2006).  

 

https://deeptimemaps.com/global-series-thumbnails/
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The GOBE is a radiation in the marine fauna which led to a significant increase in biodiversity at 

lower taxonomic levels (Figure 1.3; Sepkoski, 1981; Webby et al., 2004a). It was a consequence of 

both intrinsic and extrinsic factors that ultimately led to the replacement of the ‘Cambrian 

Evolutionary Fauna’ with the more complex ‘Paleozoic Evolutionary Fauna’ (Sepkoski, 1981, 1995). 

The latter involved an increase in diversity and ecological complexity of organisms: a transition 

can be observed from a primarily infaunal community in the Cambrian to a mixed infaunal and 

epifaunal community in the Ordovician (see Sheehan, 2001a for a summary). Rather than being a 

single event, the GOBE is considered to be an accumulation of different biodiversification events 

that already started in the Cambrian. The ‘Cambrian explosion’ and the Ordovician diversification 

can even be viewed as a single ‘Cambrian- Ordovician radiation’ (Servais et al., 2010). The 

biodiversity increase was terminated with several extinctions during the Late Ordovician with the 

most severe extinction being the Hirnantian mass extinction (Webby et al., 2004). 

Figure 1.3 Diversity curve of marine invertebrates through Phanerozoic time. Documenting the Cambrian, 
Palaeozoic and Modern Evolutionary Faunas, as well as the Great Ordovician Biodiversification Event (GOBE) 
and the ‘Big Five’ mass extinctions of marine invertebrates, plotted against the diversity curve of the 
Paleobiology Database (Alroy et al., 2008). Ecological-Evolutionary Units (EEU’s) after Sheehan (1996). From 
Servais et al. (2010). 
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1.2.4 The GICE interval 
 

The Guttenberg Isotopic Carbon Excursion (GICE) in the early Katian is recognized as the second 

most significant positive δ13C excursion in the Ordovician after the Hirnantian Isotopic Carbon 

Excursion (HICE) in the Late Ordovician (Figure 1.4; Young et al., 2005). The excursion has been 

recognized on several continents and is considered to be global (Hatch et al., 1987 ; Ainsaar et al., 

1999; Ludvigson et al., 2004; Bergström et al., 2009b). The event starts above the Millbrig K-

bentonite bed, which is defined as the Turinian-Chatfieldian Stage Boundary (early Katian) in the 

Upper Ordovician of North America by Leslie and Bergström (1995). 

 

The interval has been interpreted to reflect an enhanced organic carbon burial in anoxic waters 

due to a sea level rise and a switch in the deposition of tropical to temperate-type carbonates, 

indicating a global cooling (Patzkowsky et al., 1997; Ainsaar et al., 1999, 2010; Pancost et al., 1999; 

Saltzman and Young, 2005; Armstrong et al., 2009). The GICE is considered as being the record of 

the oldest glacial pulse of the Early Palaeozoic Icehouse (EPI), but recent data suggests that the 

first step in the growth of the ice sheet began already earlier at the Middle or even Early 

Ordovician (Salzman & Young, 2005; Page at al., 2007; Amberg et al.,2016; Pohl et al.,2016; see 

section 1.2.2). 

 

 
Figure 1.4 Upper Ordovician overview with the position of the GICE indicated by a red square. From 
Servais et al. (2010). 
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Figure 1.5 Summary diagram showing the proposed correlation of Katian δ13C  excursions in sections from North America. Modified from Bergstöm et al. (2010). 
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1.3  The Devonian Period ( 416 to 358 million years ago) 

1.3.1 Chronostratigraphy 

 

The standard international subdivisions of the Devonian Period contains seven stages 

grouped in three series with each stage defined by a Global Boundary Stratotype Section 

and Point (GSSP; Figure 1.6; Becker et al., 2012). 
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Figure 1.6 Devonian overview with the current standard international chronostratigraphic 

divisions. The red square indicates the position of the Hangenberg Event. From Becker et al. 

(2012). 

1.3.2 Palaeogeography and climate 
 

The Devonian landmass consisted of three major palaeocontinents: Gondwana, Siberia 

and Euramerica; the latter originated by the collision of Laurentia and Baltica (Figure 1.7; 

Scotese & Mckerrow, 1990). 

 

 
Figure 1.7 Palaeogeographic reconstruction of Earth in the Middle Devonian at ca. 380 Ma. 
Modified from image at https://deeptimemaps.com/global-series-thumbnails/ (Accessed 22th of 
July 2017). 

 

The Devonian was a time characterized by great tectonic activity and major changes in 

both the fauna and flora in the oceans and on the continents. The marine fauna knew 

the biggest diversity of the Palaeozoic with an expansion of large predatory fish and the 

successful coral-stromatoporoid reef ecosystems which formed the most extensive reef 

construction on Earth (Bambach, 2002; Copper 2002). The terrestrial ecosystems on the 

other hand saw the rise of vascular plants, the development of multi-storied forests and 

the appearance of the first tetrapods (Joachimski et al., 2009). The conodont apatite 18O 

record by Joachimski (2009) suggests that both the Early and Late Devonian were warm 

climatic periods with Surface Sea Temperatures (SST) ranging from 30-32°C with the 

Middle Devonian being a cooler interval (SST’s around 23°C).  

 

The late Middle and Late Devonian marine biosphere were characterized by the 

widespread development of anoxia which was associated with an increase in the rates of 

organic carbon burial, the deposition of black shales and severe biotic crises; examples of 

these are the Kellwasser events (late Middle Devonian) and the Hangenberg Event at the 

end of the Devonian (Sepkoski 1996; Joachimski et al., 2009).  

https://deeptimemaps.com/global-series-thumbnails/
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1.3.3 The Hangenberg Event 

 

The Hangenberg Event is a first-order mass extinction at the end of the Devonian 

(Famennian; Figure 1.6) which records significant faunal changes at various tropical 

levels (Walliser, 1984b; Sepkoski, 1996). The event is referred to as the Devonian-

Carboniferous boundary (D/C) event but the main phase of extinction actually occurs 

slightly lower at the base of the Hangenberg Shale, between 0.3 and 0.8 million years 

earlier (Figure 1.8; Walliser, 1984b). Rather than being a single catastrophic event, the 

Hangenberg Event is considered to be a multiphased crisis (Kaiser et al., 2015). The event 

is associated with the widespread deposition of anoxic black shales and a global positive 

carbon isotope (Figure 1.9; Wagner, 2001; Saltzman, 2005 ; Kaiser et al., 2015).  

 

Figure 1.8 Extinction episodes, 
sedimentology, and sea-level 
changes at the Devonian/ 
Carboniferous Boundary (DCB). 
Crosses denote extinction 
episodes with the biggest cross 
being the most severe extinction 
episode. From Kaiser et al. (2015). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.9 Summary diagram from 
δ13C  excursions from 
Devonian/Carboniferous Boundary 
sections in Europe and North America. 
From Kaiser et al. (2015). 
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2 GEOLOGICAL SETTING 

2.1 The Upper Mississippi Valley 

2.1.1 Sample location 
 

The Langer core was drilled in Pierce County, western Wisconsin (USA) in the Upper 
Mississippi Valley (Figure 2. 1 & Figure 2.2A). The core is nearly 100 feet long and spans 
the regional Dunleith - to St. Peter Formations from the Upper Ordovician (North 
American Mohawkian series; Figure 2.2B; McLaughlin et al., 2011). See appendix I for a 
picture of a part of the Langer Core. 

 

Figure 2. 1 Geographical location of the studied section in the USA. From Google maps (2017). 

 

Figure 2.2 A. Locality of the Langer Core in the Upper Mississippi Valley region (Wisconsin, USA). 
Modified from Varela (2009). B. Chronostratigraphy for the midcontinent and eastern United 
States (Upper Ordovician). The formations present in the Langer Core are indicated by a black 
square. Modified from Simo et al. (2003).  
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2.1.2  Lithostratigraphy 
 

The Galena Group (Upper Ordovician; North American Mohawkian and Cincinnatian 

series) consists of four formations; in stratigraphic order: the Decorah Formation, 

Dunleith Formation, Wise Lake Formation and Dubuque Formation (Figure 2.2B; Kay, 

1929; Willman and Kolata, 1978). The Galena Group was deposited on a marine shelf 

when most of North America was covered by a sub-equatorial epicontinental sea 

(Agnew, 1955; Witzke, 1980; Simo et al., 2003). The Decorah Formation and  a small part 

of the Dunleith Formation are investigated in this study  and will be described in detail.  

 

 The Decorah Formation  
 

The Decorah Formation is a mixed carbonate-shale succession and can be subdivided 

into two major packages: a lower shale-dominated facies (Specht Ferry Member) and an 

upper carbonate-dominated facies (the Guttenberg and Ion Members), which represents 

a general transgressive trend (Simo et al., 2003; Ludvigson et al., 2004). The formation 

developed from SW Wisconsin to SE Minnesota and depending on your location, it is 

comprised of three members (Figure 2.3; Willman and Kolata, 1978; Ludvigson et al., 

2004).  

 

a) Spechts Ferry Member (Kay, 1929; Willman and Kolata, 1978; Ludvigson et al., 2004) 

The Spechts Ferry Member is the basal Decorah member and contains many brachiopod 

fossils. The member can be subdivided into two intervals: (1) the Carimona or 

Castlewood beds are the lower part of the Spechts Ferry member which are mostly 

comprised of limestone interbedded with shale packages with near the base the Deicke 

K-bentonite. This interval is only present in the northern sections due to a southward 

condensation of lower Decorah strata. (2) the upper part of the Spechts Ferry member 

consists of the Glencoe beds which are dominated by gray-green shales with a few 

carbonate interbeds;  this interval includes the widespread Millbrig K-bentonite.  

 

b) Guttenberg Member (Kay, 1929; Willman and Kolata, 1978 ; Ludvigson et al., 2004) 

 

The overlying Guttenberg Member can also be divided into two intervals: (1) the 

Garnavillo beds are the lower part of the Guttenberg member and consists mostly of 

mudstone with brown to green shale. (2) the upper part of the Guttenberg member 

consists of the Glenhaven beds which are comprised of limestone. The widespread 

Elkport K-bentonite is found at the base of this interval. 

 

c) Ion Member (Kay, 1929; Willman and Kolata, 1978 ; Ludvigson et al., 2004) 

 

The Ion Member consists of interbedded limestone and green-gray shale. The units are 

replaced southwards by more carbonate-dominated facies of the lower Dunleith 

Formation while the unit becomes more shale-dominated when going to the northwest. 
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 The Dunleith Formation  

 

The Dunleith Formation overlies the Decorah Formation and is primary composed of thin 

carbonate beds with minor interbedded shales which indicates a normal marine shelf 

environment (Willman and Kolata, 1978; Ludvigson et al., 2004). 

 

 
Figure 2.3 Cross section of the Decorah Formation showing lithologic and K-bentonite 
correlation. The section illustrates the compensating relationship between lower shale-
rich facies thinning to the southeast and upper carbonate facies thinning to the 
northwest. Modified from Simo et al. (2003). 

 

2.2 Millard County 

2.2.1 Sample location 

 

Structurally, the Burbank Hills and Conger Mountain, which is the highest peak of the 

Confusion Range, are part of a large synclinorium which consists of the Confusion Range, 

Burbank Hills and the Mountain Home Range in western Millard County, Utah (USA; 

Figure 2.4 & Figure 2.5; Hintze & Davis, 2003). The syncliorium exposes Cambrian-

Ordovician through Triassic strata (Hintze & Davis, 2003; Greene, 2014). 
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Figure 2.4 Devonian outcrops in Millard County. Sample locations are indicated in green: 1. 
Burbank Hills; 2. Conger Mountain. Black squares indicate the locations of the Confusion Range, 
Burbank Hills and the Mountain Home Range in Millard County. Modified from Hintze and Davis 
(2003). 

 

Figure 2.5 A. 
Geographical location 
of the studied section. 
From Google maps 
(2017) B. Outline of 
bedrock exposures of 
Millard County. From 
Hintze & Davis (2003). 
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2.2.2 Lithostratigraphy 
 

Devonian strata in Millard County can be subdivided into four units; in stratigraphic 

order: the Sevy Dolomite, Simonson Dolomite, Guilmette Formation and the Pilot Shale. 

The Pilot Shale of western Utah itself can be subdivided into three members: The Lower 

Pilot Shale Member, the Leatham Member and the Upper Pilot Shale Member. This last 

interval is overlain by the Joanna Limestone which is, together with the upper Pilot 

Shale, part of the Mississippian (Lower Carboniferous; Figure 2.6; Hose, 1966; Sandberg 

et al., 1980; Hintze & Davis, 2003). The Lower Mississippian Joana Limestone is part of a 

carbonate blanket deposit that is widely distributed in western North America (Hintze & 

Davis, 2003; Cole et al., 2015). Only a small part of the Pilot Shale actually consists of 

shale. The Pilot Shale of the Confusion Range is described by Hose (1966) and consists 

mostly of tan weathered siltstone and dolomite siltstone. In Burbank Hills, the lower 

two-thirds of the Pilot Shale is characterized by thin-bedded weathered calcareous 

siltstone and shale while the upper one-third is composed of thin bedded silty limestone 

and limestone (Hintze & Davis, 2003; Cole et al., 2015 ).  

 

 

Figure 2.6 Chronostratigraphy for 
the Devonian strata in Millard 
County. Modified from Hintze & 
Davis (2003). 
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3 CHITINOZOANS 
 

Chitinozoans refer to an extinct group of organic-walled microfossils widely distributed in 

Ordovician to Devonian marine sediments and are considered to be a large part of the 

Palaeozoic zooplankton (Paris & Verniers, 2005; Achab & Paris, 2006). The microfossils 

were first described by Eisenack (1930) but their biological affinity is to this day still 

uncertain. The general consensus however is that they are eggs or egg capsules 

produced by marine invertebrates called ‘chitinozoophorans’ (Kozlowski, 1963; Grahn 

1981;  Paris & Verniers, 2005). Unlike the graptolites, which are also considered to be an 

important group of the Palaeozoic zooplankton and occupied similar environments and 

water depths as the chitinozoans, their lateral distribution is quite different (Figure 3.1; 

Achab & Paris, 2006; Vandenbroucke et al., 2010). While most graptolite species (82%) 

are exclusively found in an off shelf setting, most chitinozoan species (57%) occur both 

on and off shelf settings. It is suggested that the chitinozoophorans lived in the shallow 

mixed layer of the ocean and are independent of sea-floor facies (Vandenbroucke et al., 

2010). 

 

Chitinozoans are, although their poorly known biological affinity, a very useful group for 

high resolution biostratigraphy because of their high morphological turn-over, wide 

range of different forms, high abundances in marine sediments and large paleographic 

distribution (Paris & Verniers, 2005). Their minimal dependence to the sea-floor facies 

also allows for the establishment of high resolution regional biozonations (Achab, 1986; 

Paris, 1989; Verniers et al., 1995; Grahn & Paris, 2010). Besides biostratigraphy, 

chitinozoans can also contribute in studies on palaeoenvironments, palaeoclimates and 

palaeobiogeography (Paris & Verniers, 2005; Vandenbroucke et al., 2010). 

 

 

Figure 3.1 Difference in on-shelf and off-shelf lateral differentiation between graptolites and 
chitinozoans. Adapted from Vandenbroucke et al. (2010). 



 

28 
 

 

A chitinozoan vesicle consists of a chamber and slender neck (the latter is absent in 
Desmochitinidae; Figure 3.2) and usually has a purse-, vase- or flask-like shape (Figure 
3.3B). An opening or aperture is located on top of the neck or directly on top of the 
chamber when a neck is absent (Paris, 1981; Paris & Verniers, 2005). The chamber can 
be sealed in two ways: by an operculum, where a short plug closes the chamber directly 
or by a prosome when the plug is located within the neck. The vesicle can bear various 
types of ornamentation which are essential for their identification (Paris, 1981; Paris & 
Verniers, 2005). Chitinozoans are mostly found as separate individuals but they can also 
occur in chainlike structures (Figure 3.3B). The individual vesicles in a chain do not 
communicate with the neighboring ones, eliminating the option that such chains may be 
witnesses of a colonial lifestyle (Paris & Verniers, 2005). 

 

Figure 3.2 General morphology and terminology of a chitinozoan vesicle. Grey = outer layer; blue = 
inner layer; orange and yellow = operculum and prosome. A. Lagenochitinidae; B. Desmochitinidae. 
Adapted from Paris (1981). 

 

Figure 3.3 A. Basic chamber shapes of chitinozoans; B. Main linkage types in chitinozoans. Both 
from Paris (1981).  
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4 METHODOLOGY 

4.1 Sampling and sample selection 
 

 Langer Core 

The Langer core was drilled in Pierce County, western Wisconsin (USA) in the Upper 

Mississippi Valley. Half of the core was sub-sampled by J. Velleman in the summer of 

2016 while the other half is archived at the Wisconsin Geological and Natural History 

Survey core repository. A total of 20 samples were taken, with a high resolution 

throughout the GICE and a few samples in older (before the excursion), as well as in 

younger strata (after the excursion). All of the sub-samples were processed in this study. 

 

 Burbank Hills & Conger Mountain 

The samples of Burbank Hills and Conger Mountain were collected by Dr. T. 

Vandenbroucke and Dr. P. Emsbo during a field campaign in the summer of 2015 in Utah, 

USA. The two stratigraphically parallel sections were sampled because they represent 

significantly different depositional environments, which was believed to augment the 

chances of recuperating sufficient palynomorphs (Vandenbroucke, personal 

communication). The first samples to be processed were based on  their lithology and 

resulted in 8 initial samples each (for both the Conger Mountain and the Burbank Hills). 

After the analysis of these samples, interstitial samples were processed in order to 

enhance the stratigraphic resolution.  
 

4.2  Sample preparation 
 

The samples of the core and of the outcrops are prepared by using the standard HCl/HF 

treatment (see Paris, 1981 for a detailed description). Prior to the chemical treatment, 

the outcrop samples need to be cleaned thoroughly in order to avoid contamination, and 

are  dried, overnight in an oven at 60°C. When the outcrop samples are completely dry, 

both the core and outcrop samples are shattered into small (< 1 cm) pieces after which 

they are filtered using a sieve with 1 mm sized meshes. Generally, between 20 and 40 

gram of sample material is used for the chemical treatment. After weighing, the samples 

are put in a 2 M hydrochloric acid solution (HCl) under a fume hood until all carbonate is 

dissolved. The solution is then washed with water and treated with hydrofluoric acid (HF, 

40%) in a warm water bath of 65° under a fume hood for 24 hours to dissolve the 

silicates. This procedure is repeated until all silicates are dissolved. After another 

cleansing with water (to neutralize the acids), the solution is treated a second time with 

a 2 M hydrochloric acid solution (HCl) in order to dissolve possibly newly formed 

fluosilicates. When the samples are dissolved and neutralized, they are filtered by using 

a 53 micron filter. The residue trapped on the filter (the larger fraction) is the material of 

interest of this study while the smaller fraction (< 53 µm) is stored for further research 

(Paris, 1981; S. Van Cauwenberghe, personal communication). 
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4.3  Light microscopy & scanning electron microscopy (SEM) 
 

Individual chitinozoans are handpicked from a petri dish under a stereomicroscope with 

the help of a micropipette. Chitinozoans are easily recognizable due to their specific 

shape and dark glare. The chitinozoans are arranged from the petri dish on a circular 

glass carrier (Figure 4.1A), which is then attached on a stub using conducting tape. To be 

statistically correct, a selection of 300 or more specimens were mounted on stubs. 

Before these stubs can be used for SEM research, they first need to be coated with a thin 

layer of gold (Au; Figure 4.1B). This allows electron charging effects during imaging and 

also gives a higher quality of the image. Each specimen was imagined by a Scanning 

Electron Microscope (SEM; JEOL JSM-5310LV) which makes use of the Link ISIS software 

by Oxford Instruments.  

 

Figure 4.1 A. Chitinozoans on a circular glass carrier viewed through a stereomicroscope; B. Stubs 
coated with Au. 

Chitinozoan abundance is generally expressed as chitinozoans/gram of rock (chit/g). The 

residue with the chitinozoans is shaken thoroughly after which 0,5 ml is taken and the 

amount of chitinozoan herein is counted. This number is then extrapolated in order to 

estimate the total amount of chitinozoans in the residue and is hereafter divided by the 

amount of dissolved rock to  calculate an estimate of the chitinozoans per gram of rock. 

4.4  Identification 
 

The identification of the specimens is done based on the pictures taken with the SEM. 

This study uses the generally accepted classification of Paris et al. (1999) to identify the 

genera. The authors proposed a revision of the chitinozoan classification and created a 

suprageneric classification based on exterior morphology. The first major subdivision 

(Order) is based on the presence of an operculum or prosome. Further subdivisions are 

based on the development of the vesicle neck (Family), test ornamentation (Subfamily) 

and chamber shape & ornamentation arrangement (Genus; Figure 4.2). 
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Bengston’s rules for open nomenclature (1988) were applied. Species in open 

nomenclature are numbered in stratigraphical order; ‘?’, ‘conferator’ (cf) and ‘affensis’ 

(aff) are applied in ascending degree of uncertainty:  

 

- ‘?’ indicates an uncertain identification, mostly due to poor preservation.  

- ‘cf’ indicates an uncertain identification when one or more of the species main  

    characters  are absent, often due to poor preservation or as a provisional  

    determination. 

- ‘aff’ is used when a species has affinities to a known species but represents another  

   (new) species. 

- ‘sp’ indicates that a species can only be related to a genus and not to any established  

   species.  

-‘spp’ is used when a specimen can only be determined down to the genus level and  

  forms a group with other unidentified species of the same genus. 

 

 

 
 

Figure 4.2 A few common vesicle wall ornamentations of chitinozoans. a. smooth, scabrate, 
vermiculate; b. foveolate; c. feltlike; d. spongy; e. verrucate (granules, tubercules and/or cones of 
less than 2µm high); f. simple spines; g. simple branched hairs or spines; h. bi- and multirooted 
spines; i. mesh-like structure; j. crests with vertical rows of free or connected spines; k. crests of 
web like to discontinuous membranes; l. complete or perforated/reticulated carina. Stippled = 
inner layer; black = outer layer. From Paris et al. (1999). 
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5 RESULTS 

5.1  Palynological analysis 

5.1.1 Conger Mountain & Burbank Hills 

 

In total, 30 samples of the 64 available samples underwent palynological analysis, 21 

samples taken from the Conger Mountain section and 9 samples taken from the Burbank 

Hills section). See appendix II for a litholog of the Burbank Hills section (Provided by J. 

Day). The residue contained a lot of organic matter and contained a few bad preserved 

scolecodont specimens. The samples were however void of chitinozoans.  

5.1.2 Langer Core 
 

A total of 20 samples from the Langer Core underwent palynological analysis. 6761 

chitinozoan specimens were collected of which 6398 were assigned to a certain species. 

Generally, the specimens were well-preserved, which resulted in the identification of 20 

species. Chitinozoan abundance ranged from ± 43 specimens/gram in sample LA-84,5 to  

± 628 specimens/gram in sample LA-74,8 (Figure 5.1). In addition to chitinozoans, also 

some scolecodont specimens, acritarchs and other microfossil groups were collected 

(see plates). 

 

 
Figure 5.1 Graph showing the estimated chitinozoans per gram of rock for each sample for the Langer 
Core. The samples are ranked according to their depth in the core. The black lines represent the 
member boundary’s. LA-99,6 and LA-89,3 are two test-samples and abundances from these samples 
are lacking. These values serve only to illustrate the order of magnitude and are by no means accurate 
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5.2 Range chart 
 

The absolute species abundance matrix is listed below (Table 1). Based on this matrix, a chitinozoan range chart was constructed for the Langer Core 

(Figure 5.2).    

 

Formation Decorah Galena  

 
Member Spechts Ferry Guttenberg  Ion  Dunleith  

To
tal ch

itin
o

zo
an

s 

 

LA
 - 1

1
4

,8
      

LA
 - 1

0
9

,0
 

LA
 - 1

0
5

,9
 

LA
 - 1

0
1

,1
 

LA
 - 9

9
,6

 

LA
 - 9

7
,9

 

LA
 - 9

5
,3

 

LA
 - 9

2
,8

 

LA
 - 8

9
,3

 

LA
 - 8

7
,0

 

LA
 - 8

4
,5

 

LA
 - 8

1
,8

 

LA
 - 7

9
,9

 

LA
 - 7

9
,0

 

LA
 - 7

8
,0

 

LA
 - 7

4
,8

 

LA
 - 7

2
,3

 

LA
 - 6

8
,6

 

LA
 - 6

0
,5

 

LA
 - 5

1
,2

 

Desmochitina erinacea 79 46 45 27 0 0 0 0 0 17 19 6 1 9 2 0 0 0 2 2 255 

Desmochitina minor 18 5 7 3 0 5 0 0 0 6 0 0 0 0 0 0 0 0 2 1 47 

Belonechitina cf. micracantha 128 0 0 0 0 0 0 0 0 0 0 103 60 55 75 16 11 4 0 0 452 

Belonechitina robusta 8 87 200 239 6 114 79 81 6 161 23 0 0 0 0 0 0 0 0 0 1004 

Belonechitina cf. robusta 6 38 39 13 67 27 31 13 0 17 13 0 0 0 0 0 0 0 0 0 264 

Belonechitina sp.1 76 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 76 

Belonechitina sp.2 0 68 0 22 78 108 185 242 55 33 153 10 2 0 0 2 24 0 0 0 982 

Fungochitina spinifera 0 134 61 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 195 

Conochitina minnesotensis 0 0 0 8 17 16 18 17 16 7 3 14 11 12 21 9 3 1 3 5 181 

Cyathochitina brevis 0 0 0 0 0 45 0 0 0 0 0 0 0 0 0 0 0 0 0 0 45 

Belonechitina duplicitas 0 0 0 0 0 0 3 0 6 37 29 0 0 0 0 0 0 0 0 0 75 

Belonechitina sp.3 0 0 0 0 0 0 0 0 0 0 0 176 1 0 0 0 0 0 0 0 177 

Fungochitina lepta 0 0 0 0 0 0 0 2 7 95 73 0 104 2 0 0 0 0 0 0 283 

Belonechitina sp.4 0 0 0 0 0 0 0 0 0 0 0 2 219 107 181 290 0 0 0 0 799 

Spinachitina sp.1 0 0 0 0 0 0 0 0 0 0 0 0 7 49 69 136 387 300 0 0 948 

Belonechitina micracantha group 0 0 0 0 0 0 0 0 0 0 0 0 0 189 55 2 4 9 0 0 259 

Tanuchitina sp.1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 

Cyathochitina latipatagium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 58 0 58 

Fungochitina actonica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 127 0 127 

Hercochitina repsinata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 113 317 430 

Total chitinozoans 315 378 352 312 168 315 316 355 90 373 313 311 405 423 403 456 429 314 305 325 6658 

Table 1. Table with the absolute amounts of chitinozoan specimens collected from each sample for all respective species from the Langer Core. 
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Figure 5.2 Stratigraphic occurrences and ranges of all found chitinozoan species from the Langer core. 
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5.3 Systematic paleontology 
 

All chitinozoan species found in the Langer Core are described and discussed below. 

Photographic plates of selected specimens can be found in appendix. All dimensions are 

in micrometers (µm). The following abbreviations from Paris (1981; Figure 5.3) are used: 

 

L: total length 

Dp: maximal chamber diameter 

Dc: diameter of the oral tube 

Lc: length of the neck 

Lp: length of the chamber 

 
Figure 5.3 Illustrations of several of the parameters and morphological features used for the 
systematic description of the chitinozoan species. Modified from Vandenbroucke (2005). 

 

Belonechitina cf. micracantha (452) 

Belonechitina cf. robusta (264) 

Belonechitina duplicitas (75) 

Belonechitina micracantha group (259) 

Belonechitina robusta (1004) 

Belonechitina sp.1 (76) 

Belonechitina sp.2 (982) 

Belonechitina sp.3 (177) 

Belonechitina sp.4 (799) 

Conochitina minnesotensis (181) 

Cyathochitina brevis (45) 

Cyathochitina latipatagium (56) 

Desmochitina erinacea (255) 

Desmochitina minor (47) 

Fungochitina actonica (127) 

Fungochitina lepta (283) 

Fungochitina spinifera (195) 

Hercochitina repsinata (430) 

Spinachitina sp.1 (948) 

Tanuchitina sp.1 (1) 
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Group CHITINOZOA Eisenack, 1931 

 

 Chitinozoa indet. 

 

Discussion. All unidentified chitinozoans are placed in this group. The most frequent 
reason that they couldn’t be identified is due to a poor preservation of the 
specimens.  

 

Order OPERCULATIFERA Eisenack, 1972 

Family DESMOCHITINIDAE Eisenack, 1931 emend. Paris, 1981 

Subfamily DESMOCHITININAE Paris, 1981 

Genus DESMOCHITINA Eisenack, 1931 

 
Diagnosis Desmochitinidae with an ovoid, glabrous chamber (Paris et al., 1999, p. 564). 
 

 Desmochitina erinacea Eisenack, 1931 
Plate 2 & 3 

 
Description.  Chitinozoans with a subspherical to ovoid chamber, ornamented with many 

cones or spines which are evenly distributed over the vesicle. See holotype 
description by Eisenack (1931). 

Discussion.  All Desmochitina specimens placed in this group are distinguished from D. 
minor due to their very hairy ornamentation.   

Material.  299 specimens have been recovered.   
Occurrence.  Desmochitina erinacea occurs in 10 samples over the whole range of the 

Decorah Formation and in the samples from the Galena Formation.   

 

 Desmochitina minor Eisenack, 1931 
Plate 4 

 

Description.  Desmochitina minor has a wide range in chamber morphology and has a 
glabrous surface. See holotype description by Eisenack (1931) and discussion 
in Paris (1981). 

Discussion. All specimens placed in this group are distinguishable from D. erinacea due to 
their glabrous vesicle and more ovoid vesicle shape. It could be the case that 
the specimens placed in D. minor actually belong to D. erinacea but that the 
spines of these specimens are eroded.  

Material.  43 specimens have been recovered. 
Occurrence. Desmochitina minor occurs in 9 samples over the whole range of the Decorah 

Formation and in the 2 samples from the Galena Formation.  
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Order PROSOMATIFERA Eisenack, 1972 

Family CONOCHITINIDAE Eisenack, 1931 emend. Paris, 1981 

Subfamily BELONECHITININAE Paris, 1981 

Genus BELONECHITINA Jansonius, 1964, emend. Paris et al., 1999 

 

Diagnosis Conochitinidae with a conical chamber and randomly distributed spines (Paris et al.,   
                             1999, p. 562). 
 

 Belonechitina duplicitas (Martin, 1983) 
Plate 5 

 

 
L (µm) Dp (µm) Dc (µm) Dp/Dc L/Dp L/Dc 

Average 231 102 78 1,31 2,26 2,96 

Max 259 129 99 1,30 2,01 2,62 

Min 205 77 59 1,31 2,66 3,47 
Table 2 Dimensions of 10 complete specimens of Belonechitina duplicitas. 

Description.  Chitinozoan with a claviform body and a small constriction near the basal 
edge. The short neck and vesicle are not always distinct by the weakly 
developed flexure. The vesicle wall is covered by multipode spines (up to 10 
µm), each with two to five discrete bases (which on their turn can also be 
divided) and a single, distal tip. The spines become shorter and decrease in 
density towards the neck.   

Discussion. The description of B. robusta by Jenkins (1969, p. 15) resembles the material 
placed in this group. The ornamentation however is, in my opinion, too 
complex to be attributed to Belonechitina robusta. The specimens fit the 
holotype of Hercochitina? duplicitas described by Martin (1983, p. 17) quite 
well. The proximal limbs of each multipode spine lie approximately in the 
same longitudinal plane which can be falsely interpreted as the presence of 
longitudinal rows; these specimens are thus not placed in the genus 
Hercochitina but in Belenochitina. Belonechitina duplicitas differs from 
Hercochitina spinetum in bearing spines that are not aligned.  

Material.  72 specimens have been recovered.  
Occurrence.  Belonechitina duplicitas occurs in 4 samples in the Guttenberg Member 

(Decorah Formation).  
 

 Belonechitina cf. micracantha (Eisenack, 1931) 
Plate 6 

 

 
L (µm) Dp (µm) Dc (µm) Dp/Dc L/Dp L/Dc 

Average 167 92 68 1,36 1,81 2,47 

Max 239 123 80 1,54 1,94 2,99 

Min 120 67 56 1,20 1,79 2,14 
Table 3 Dimensions of  56 complete specimens of Belonechitina cf. micracantha. 
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Description.  Belonechitina species with a slender cylindroconical chamber and a straight 
neck. The flexure is inconspicuous and shoulders are absent. The base is flat to 
slightly convex. The ornamentation consists of small cones and simple spines, 
which are best developed towards the base and appears over the whole 
vesicle.    

Discussion. The material lacks the overall shape described by Eisenack (1965) but 
resembles Paris’ description for Belenochitina micracantha typica (1981), 
therefore they are put in open nomenclature.   

Material. 452 specimens have been recovered. 
Occurrence.  Belonechitina cf. micracantha occurs in one sample (LA-114,8) in the Spechts 

Ferry Member and reappears in 7 samples of the Ion member (Decorah 
Formation). 

 

 Belonechitina micracantha group 
 

Description.  The Belenochitina micracantha group shows a diversity in chamber shape and 
size.    

Discussion. Most specimens placed in this group show the same kind of ornamentation as 
Belonechitina cf. micracantha but lack a long neck and the overall shape of 
Belonechitina micracantha.  

Material. 259 specimens have been recovered. 
Occurrence. The specimens of the B. micracantha group are found in 5 samples from the 

Ion Member (Decorah Formation).   
 

 Belonechitina robusta (Eisenack, 1959) 
Plate 7 & 8 

 

 
L (µm) Dp (µm) Dc (µm) Dp/Dc L/Dp L/Dc 

Average 166 91 70 1,29 1,82 2,36 

Max 232 115 53 2,17 2,02 4,38 

Min 132 69 87 0,79 1,91 1,52 
Table 4 Dimensions of  66 complete specimens of Belonechitina robusta. 

Description.  Cylindro-conical Belonechitina species with a small constriction near the basal 
edge. The cylindrical neck and chamber are not always distinct by the weakly 
developed flexure; shoulders are absent. The test is ornamented with small 
lambda to multipode spines which are evenly distributed over the vesicle and 
best developed towards the base.  

Discussion.  The material from the Langer Core fits the holotype description by Eisenack 
(1959) quite well.  The ornamentation from the specimens of the lower 
samples (Specht Ferry Member) mostly consists of simple lambda spines while 
the specimens higher in the stratigraphic record (Guttenberg Member) are 
mainly ornamented with multipode spines. Sample LA-101,1 at the top of the 
Spechts Ferry Member is characterized with specimens which are densely 
ornamented with big lambda to multipode spines.  

Material.  1004 specimens have been recovered. 
Occurrence.  Belonechitina robusta occurs in 11 samples over the whole range of the 

Spechts Ferry Member and the Guttenberg Member (Decorah Formation).  
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 Belonechitina cf. robusta 
Plate 9 

 

 
L (µm) Dp (µm) Dc (µm) Dp/Dc L/Dp L/Dc 

Average 127 86 66 1,30 1,47 1,91 

Max 155 102 53 1,92 1,52 2,92 

Min 99 69 80 0,86 1,43 1,24 
Table 5 Dimensions of  55 complete specimens of Belonechitina cf. robusta. 

Description.  Small conical Belenochitina species with a constriction near the basal edge. 
The short neck and chamber are not always distinct by the weakly developed 
flexure; shoulders are absent. The test is ornamented with small lambda to 
multipode spines which are evenly distributed over the vesicle and best 
developed towards the base. 

Discussion. The material closely resembles Belonechitina robusta (this study) and even 
have the same stratigraphic range. When plotted on a length-width diagram, it 
is rather hard to distinguish two clear ‘clouds’ although it has to be noted that 
Belonechitina robusta is in general larger than Belonechitina cf. robusta. They 
are kept separated nevertheless and are put in open nomenclature as they are 
too small (L) to be attributed to Belonechitina robusta.  

Material.  264 specimens have been recovered. 
Occurrence.  Belonechitina cf. robusta occurs in 11 samples over the whole range of the 

Spechts Ferry Member and the Guttenberg Member (Decorah Formation). 
 
 

 
Diagram 1 Length-width diagram of Belonechitina robusta and Belonechitina cf. robusta. All 
measurements are in micrometers and the abbreviations are according to Paris (1981): L = total length, 
Dp = chamber diameter. 
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 Belonechitina sp.1 
Plate 10 

 

 

L (µm) Dp (µm) Dc (µm) Dp/Dc L/Dp L/Dc 

Average 355 79 74 1,07 4,49 4,80 

Max 440 90 81 1,11 4,89 5,43 

Min 309 72 69 1,04 4,29 4,48 

Table 6 Dimensions of 52 complete specimens of Belonechitina sp.1. 

Description.  Belonechitina sp.1 has a cylindrical neck and inconspicuous flexure connecting 
the neck with the cylindrical chamber. The chitinozoan has a slightly rounded 
to flat base. The ornamentation mostly consists of long, simple spines. On the 
base of the vesicle, these spines can have a broad base and fuse with each 
other to form small crests.  

Discussion.  The species is in my opinion not similar to any already described species, 
hence why it is put in open nomenclature. 

Material. 76 specimens have been observed. 
Occurrence.  Belonechitina sp.1 occurs in one sample at the base of the Spechts Ferry 

Member (Decorah Formation).  

 
 Belonechitina sp.2 

Plate 11 & 12 
 

 
L (µm) Dp (µm) Dc (µm) Dp/Dc L/Dp L/Dc 

Average 195 74 63 1,17 2,64 3,08 

Max 251 86 75 1,15 2,92 3,35 

Min 134 61 51 1,20 2,20 2,63 
Table 7 Dimensions of 52 complete specimens of Belenochitina sp.2. 

Description.  Belonechitina sp.2 has a cylindrical neck and inconspicuous flexure connecting 
the neck with the near cylindrical chamber. The chitinozoan has a flat to 
slightly rounded base. The ornamentation mostly consists of simple spines 
with a broad base. In some cases, the spines fuse at their base and form fine 
discontinuous crests. The neck is covered with simple spines but crests can 
also occur.   

Discussion.  The species is morphologically similar to Belenochitina sp.1 but are kept 
separate based on the smaller dimensions of the latter. When plotted on a 
L/Dp diagram, two clear ‘clouds’ can be recognized. The ornamentation is the 
distinctive feature of this species even though there exists variation in the 
length of the spines or in the quantity of the crests: some specimens are only 
ornamented with a few crests while the rest of the ornamentation exists of 
simple spines with a broad base. This is why I have attributed this species to 
Belenochitina and not to Hercochitina even though having distinct crests is the 
definition of Hercochitina.  

Material. 982 specimens have been recovered.    
Occurrence.  Belenochitina sp.2 occurs in 13 samples from the Spechts ferry member until it 

disappears at the top of the Ion member (Decorah Formation). 
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Diagram 2 Length-width diagram of Belonechitina sp.1 and Belonechitina sp.2. Two clear groups can be 
distinguished. All measurements are in micrometers and the abbreviations are according to Paris ( 
1981): L = total length, Dp = chamber diameter. 

 Belonechitina sp.3 
Plate 13 

 

 
L (µm) Dp (µm) Dc (µm) Dp/Dc L/Dp L/Dc 

Average 232 118 90 1,32 1,97 2,59 

Max 299 154 110 1,40 1,94 2,72 

Min 164 89 69 1,29 1,84 2,38 
Table 8 Dimensions of  24 complete specimens of Belenochitina sp.3. 

Description.  Chitinozoan with a conical to claviform body and a short neck which is not 
always distinguishable from the chamber by the weakly developed flexure. 
Shoulders are absent and the base is flat to round. The vesicle wall is densely 
covered by high-relief multipode spines (up to µm). Towards the neck, the 
multipode spines become shorter and decrease in density.   

Discussion. The material is similar to the specimens attributed to Belenochitina duplicitas 
(this study) but is kept separated nevertheless as the ornamentation is slightly 
different. The multipode spines show no alignment so the specimens are 
attributed to Belenochitina and not to Hercochitina. Two distinct forms are 
recognized, one being more claviform and the other being more conical; they 
are kept in one group because their ornamentation is similar. Belenochitina 
sp.2  differs from H. turnbulli in showing no alignment of the spines.  

Material.  177 specimens have been recovered.  
Occurrence.  Belenochitina sp.3 occurs in 2 samples at the base of the Ion Member 

(Decorah Formation). The species dominates sample LA - 81,8. 
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 Belonechitina sp.4 
Plate 14 
 

 
L (µm) Dp (µm) Dc (µm) Lc (µm) Lp (µm) Dp/Dc L/Dp L/Dc L/Lc 

Average 140 79 50 47 93 1,58 1,78 2,82 2,97 

Max 188 97 62 81 120 1,56 1,94 3,03 3,03 

Min 100 66 38 33 57 1,74 1,52 2,63 2,32 
Table 9 Dimensions of  51 complete specimens of Belenochitina sp.4. 

Description. Belonechitina species with a conical chamber, about two-thirds of the total 
length and a cylindrical neck which can flare towards the aperture. The 
shoulders are straight and well-developed. The flanks are straight or swollen 
and the base is flat to slightly rounded. The test bears mostly long (up to 11 
µm), simple and sometimes bi-rooted spines which are evenly distributed over 
the vesicle.  

Discussion. The population of Belenochitina sp.3 mostly consists of specimens with a 
rather swollen cylindroconical chamber which bear long simple spines. Both 
the chamber shape and the long spines differ from Belenochitina 
wesenbergensis so this species is kept in open nomenclature.  

Material.  799 specimens have been recovered.  
Occurrence.  Belonechitina sp.4  occurs in 5 samples of the Ion member (Decorah 

Formation). 
 

 

Genus HERCOCHITINA Jansonius, 1964 

 

Diagnosis Conochitinidae with a conical vesicle and distinct crests (vertical rows of spiny or  
                             membranous ornamentation; Paris et al., 1999, p. 562). 
 

 Hercochitina repsinata Schallreuter, 1981 
Plate 15 

 
 

 
L (µm) Dp (µm) Dc (µm) Dp/Dc L/Dp L/Dc 

Average 247 116 70 1,66 2,13 3,53 

Max 407 149 84 1,77 2,73 4,85 

Min 175 78 50 1,56 2,24 3,50 
Table 10 Dimensions of 102 complete specimens of Hercochitina repsinata. 

Description.  Chitinozoan with a subcylindrical neck and an elongate conical chamber 
which are not distinguishable by the weakly developed flexure. Shoulders 
are absent and the flanks are concave to straight. The neck is ornamented 
with low-relief simple lambda and multibased spines while the chamber is 
ornamented with low-relief, multibased vermiform spines which are 
arranged roughly longitudinally and joined to the wall by short spines.  

Discussion. Hercochitina repsinata differs from H. spinetum in bearing ornamentation 
of much lower relief (4 µm). It differs from H. lindsayensis in bearing low-
relief spines arranged roughly longitudinally but not in rows (as is the case 
for H. lindsayensis). In sample LA-51,2 however, transitional forms can 
occur: the ornamentation of a few specimens begin to form rows which 
connect with the base.  
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Material.  430 specimens have been recovered.  
Occurrence.  Hercochitina repsinata appears in the 2 samples from the Galena 

Formation. 

 
Subfamily SPINACHITININAE Paris, 1981 

Genus SPINACHITINA Schallreuter, 1963 emend. Paris, Grahn, Nestor and Lakova 
 

Diagnosis Conochitinidae with a conical to cylindrical chamber bearing a crown of  processes (Paris  
                             et al., 1999, p. 562). 

 
 Spinachitina sp.1 

Plate 16 
 

 
L (µm) Dp (µm) Dc (µm) Lc (µm) Lp (µm) Dp/Dc L/Dp L/Dc L/Lc 

Average 142 82 51 52 91 1,60 1,75 2,80 2,76 

Max 197 104 63 73 133 1,65 1,89 3,13 2,70 

Min 94 65 39 25 67 1,67 1,45 2,41 3,76 
Table 11 Dimensions of  63 complete specimens of Spinachitina sp.1. 

 
Description.  Chitinozoan with a cylindro-conical vesicle and a slightly pronounced flexure. 

The conical chamber has concave to straight flanks and the base of the 
chamber is flat to slightly rounded. The cylindrical neck flares towards the 
aperture and the collarette can be slightly denticulate. The vesicle wall is 
ornamented with long, mostly simple spines (up to 17 µm) which become 
shorter towards the neck; the ornamentation can also be more complex with 
multipode and branched spines. The basal margin bears a crown of appendices 
which are larger (up to 10 µm) than the ones found on the  chamber. The 
appendices are wider at their bases, which are occasionally multi-rooted and 
they can also branch.  

Discussion. Although the material resembles Belonechitina sp.4, these specimens are 
placed in the genus Spinachitina as they have a crown of appendices at the 
basal margin. When plotted on a L/Dp diagram, it is rather hard to distinguish 
two clear groups. Transitional forms of Belenochitina sp.4 and Spinachitina 
sp.1 are also found; these specimens don’t possess a pronounced crown of 
appendices at their base, but the shape and ornamentation is similar. Both 
samples LA-68,6 and LA-72,3 at the top of the Ion Member (Decorah 
Formation) are dominated by Spinachitina sp. 1, while mostly transitional 
forms occur in the stratigraphically lower samples. Spinachitina sp.1 differs 
from Spinachitina cervicornis in having less complex appendages. The species 
differs from S. multiradiata in having ornamentation on the vesicle wand.  

Material.  948 specimens have been recovered. 
Occurrence.  Spinachitina sp.1 occurs in 6 samples of the Ion member (Decorah Formation).  
 
 



 

44 
 

 

Diagram 3 Length-width diagram of Belonechitina sp.4 and Spinachitina sp.1. All measurements are in 
micrometers and the abbreviations are according to Paris ( 1981): L = total length, Dp = chamber 
diameter. 

 

Subfamily CONOCHITININAE Paris, 1981 
Genus CONOCHITINA Eisenack 1931 emend. Paris et al., 1999 

 

Diagnosis Conochitinidae with a conical to claviform glabrous chamber, provided with a mucron 
(Paris et al., 1999, p. 559). 

 

 Conochitina minnesotensis (Stauffer, 1933) 
Plate 17 

 

 
L (µm) 

Average 656 

Max 829 

Min 506 
Table 12 Dimensions of 20 complete specimens of Conochitina minnesotensis. 

 

Description.  Very large sub-cylindrical Conochitina species with a smooth vesicle wall 
and a round base that bears an obvious mucron. 

Discussion.  The massive size, smooth vesicle wall and the presence of an obvious 
mucron suggest that the specimens belong to Conochitina minnesotensis.  

Material.  181 specimens have been recovered. 
Occurrence.  Conochitina minnesotensis occurs in 17 samples from the top of the 

Spechts Ferry member (Decorah Formation) all through the Galena 
Formation.  
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Subfamily TANUCHITININAE Paris, 1981 
Genus TANUCHITINA Jansonius, 1964 emend. Paris et al., 1999 

 
Diagnosis Conochitinidae with a cylindrical chamber and a completely membranous carina below 

the margin (Paris et al., 1999, p. 561). 
 
 

 Tanuchitina sp.1 
Plate 4 

   
Discussion.  Only 1 specimen is observed in sample LA-74,8 in the Ion member 

(Decorah Formation). Further taxonomy is not performed due to the poor 
preservation of the specimen. 

 

Family LAGENOCHITINIDAE Eisenack, 1931 emend. Paris, 1981 

Subfamily CYATHOCHITININAE Paris, 1981 

Genus CYATHOCHITINA Eisenack, 1955b emend. Paris et al., 1999 

 

Diagnosis Lagenochitinidae with a conical to hemispherical glabrous chamber and with a 
complete membranous carina on a sharp margin (Paris et al., 1999, p. 563). 

 

 
 Cyathochitina brevis (Eisenack, 1934) 

Plate 18 

 

 
L (µm) Dp (µm) Dc (µm) Dp/Dc L/Dp L/Dc 

Average 170 161 70 2,31 1,06 2,44 

Max 194 180 79 2,28 1,08 2,46 

Min 136 118 63 1,87 1,15 2,16 
Table 13 Dimensions of 6 complete specimens of Cyathochitina brevis. 

Description.  Large Cyathochitina species with rather a short cylindrical neck and a wide 
conical chamber. The flexure is well-developed and the basal margin bears 
a wide (20 - 30 µm) carina. The vesicle wall often shows concentric 
wrinkles.     

Discussion.  A long neck and conical chamber are diagnostic characteristics for 
Cyathochitina kuckersiana. Because the specimens found in the Langer 
Core have a rather short neck, they are attributed to Cyathochitina 
kuckersiana brevis. Since the use of a subspecies has been discouraged, the 
specimens is attributed to Cyathochitina brevis. The length is more-or-less 
equal to the maximal width (L/Md close to 1) and the carina is rather wide 
(20 - 30 µm).  

Material.  45 specimens have been recovered. 
Occurrence.  Cyathochitina kuckersiana occurs in one sample (LA-97,9) at the base of 

the Guttenberg member (Decorah Formation).  
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 Cyathochitina latipatagium Jenkins, 1969 
Plate 18 

 

 
L (µm) Dp (µm) Dc (µm) Dp/Dc L/Dp L/Dc 

Average 231 208 85 2,46 1,11 2,73 

Max 283 241 99 2,43 1,17 2,86 

Min 186 157 66 2,38 1,18 2,82 
Table 14 Dimensions of 9 complete specimens of Cyathochitina latipatagium. 

 

Description.  Very large Cyathochitina species with a cylindrical neck, a wide conical 
chamber and a well-developed flexure. The basal margin bears a very wide 
carina (< 30 µm) and the vesicle wall often bears concentric wrinkles. 

Discussion.  The specimens resemble the holotype (Jenkins 1967; pl. 75, fig. 5) quite 
well; the length is more-or-less equal to the maximal width (L/Md close to 
1) and the carina is very wide (> 30 µm). Cyathochitina latipatagium is 
distinguished from C. brevis in having a wider carina.   

Material.   58 specimens have been recovered. 
Occurrence. Cyathochitina latipatagium occurs in one sample (LA-60,5) at the base of 

the Dunleith Formation. 
 

Subfamily ANGOCHITININAE Paris, 1981 

Genus FUNGOCHITINA Taugourdeau, 1966 emend. Paris et al., 1999 

 
Diagnosis Lagenochitinidae with a conical to lenticular chamber and randomly distributed spines 

(Paris et al., 1999, p. 564). 
 

 Fungochitina actonica (Jenkins, 1967) 
Plate 19 

 

 
L (µm) Dp (µm) Dc (µm) Dp/Dc L/Dp L/Dc 

Average 95 80 40 2,00 1,19 2,38 

Max 108 89 45 1,98 1,21 2,40 

Min 75 74 33 2,24 1,01 2,27 
Table 15 Dimensions of 19 complete specimens of Fungochitina actonica. 

Description.  Small, wide Fungochitina species with a lenticular to subconical chamber, a 
sharp to gentle flexure and a cylindrical neck that flares towards the 
aperture. The length of the neck is variable. The entire vesicle is covered 
with long simple spines (up to 9 µm) and the base bears concentric ridges. 

Discussion.  Lagenochitinidae with a conical to lenticular chamber bearing randomly 
distributed spines are attributed to Fungochitina rather than to 
Sphaerochitina (see diagnosis). Unlike the description of Jenkins (1967, p. 
476), the whole vesicle is covered with spines (see in Vandenbroucke 2008, 
p. 77). The specimens of the Langer Core are smaller and have longer 
spines than the holotype (Jenkins 1967; pl. 75 fig. 20,23,24 ). Fungochitina 
pistilliformis differs from F. actonica in having a proportionally longer neck.     

Material. 127 specimens have been recovered. 
Occurrence. Fungochitina actonica occurs in one sample (LA-60,5) at the base of the 

Dunleith Formation.   
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 Fungochitina  lepta (Jenkins, 1970) 

Plate 20 
 

 
L (µm) Dp (µm) Dc (µm) Dp/Dc L/Dp L/Dc 

Average 102 78 34 2,29 1,31 3,00 

Max 120 89 38 2,34 1,35 3,16 

Min 88 71 31 2,29 1,24 2,84 
Table 16 Dimensions of  12 complete specimens of Fungochitina lepta. 

Description.  Small, cylindroconical or fungiform test with a flat or convex base. The 
neck is separated from the chamber by a gentle flexure. The chamber and 
neck are of approximately equal length. The vesicle wall is covered with 
small, simple spines.  

Discussion.  Lagenochitinidae with a conical chamber bearing randomly distributed 
spines are attributed to Fungochitina rather than to Sphaerochitina (see 
diagnosis). Jenkins’ description of Fungochitina lepta (1970, p. 279) states 
that both smooth and ornamented forms are found, hence the reason I put 
the specimens from the Langer Core in Fungochitina lepta.   

Material. 283 specimens have been recovered. 
Occurrence. Fungochitina lepta occurs in 5 samples from the middle of the Guttenberg 

Member until it disappears at the middle of the Ion Member (Decorah  
Formation). 

 

 Fungochitina spinifera (Eisenack, 1962) 
Plate 21 

 

 
L (µm) Dp (µm) Dc (µm) Dp/Dc L/Dp L/Dc 

Average 138 80 37 2,16 1,73 3,73 

Max 172 89 45 1,98 1,93 3,82 

Min 107 71 31 2,29 1,51 3,45 
Table 17 Dimensions of 10 complete specimens of Fungochitina spinifera. 

Description.  Fungochitina species with a subconical to lenticular chamber, a gentle 
flexure  and a long cylindrical neck that mostly flares towards the aperture. 
The vesicle wall is ornamented with evenly distributed short spines and the 
convex base bears a basal scar. 

Discussion.  Originally, two subspecies of Fungochitina fungiformis (Eisenack 1931) 
were defined: the smooth Fungochitina fungiformis fungiformis and the 
spiny Fungochitina fungiformis spinifera (Eisenack 1962). Since the use of a 
subspecies has been discouraged, Paris et al. (1999, p. 564) elevated the 
spiny subspecies to species rank: Fungochitina spinifera (see in 
Vandenbroucke, 2008, p. 74 & 78). The specimens recovered from the 
Langer Core are ornamented with tiny spines and are thus placed in 
Fungochitina spinifera rather than in Fungochitina fungiformis.  

Material.  195 specimens have been recovered. 
Occurrence. Fungochitina spinifera appears in two samples from the Spechts Ferry 

Member  (Decorah Formation). 
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6 DISCUSSION 
 

6.1 Burbank Hills & Conger Mountain 

 

The extensive analysis of a total of 30 samples yielded a few poorly preserved scolecodont 

specimens whereas they were completely barren of chitinozoans. Below I present a few 

possible reasons for the absence of the latter microfossil group.  

 

The Hangenberg event is considered as a multi-phased event (Servais et al., 2010) and Walliser 

(1984b) suggested that the main phase of extinction occurred between 0,3 and 0,8 million 

years earlier than the Devonian-Carboniferous boundary. During the period of interest in this 

study, the chitinozoans were already on the merge of extinction which makes the chance of 

finding them relatively small. The absence of chitinozoan specimens in both sections could 

however imply that they were already (locally) extinct at the time of deposition. 

 

Lastly, after a conodont study by J. Day, it was confirmed that the Hangenberg extinction 

interval of the Burbank Hills section is highly condensed (J. Day, personal communication), 

whereas this is not the case for the Conger Mountain section.  

 

6.2 Langer Core 
 

For the following discussion, the reader is reffered to Figure 5.2 for the biostratigraphic ranges 

of the chitinozoan species from the Langer Core. 

 

The Guttenberg excursion from the Langer Core section is expressed in the Guttenberg and 

the Ion members. The placement of the interval was mainly based on lithostratigraphic data in 

as part of an effort to establish a large-scale high-resolution framework for the midcontinent 

(P. McLaughin, personal communication). To evaluate if a possible turnover between the 

chitinozoa assemblages occurred during the GICE, I have classified the samples of the Langer 

Core into three intervals: samples taken from the Spechts Ferry Formation are classified as 

“Pre-GICE” interval, samples from both the Guttenberg and Ion Formation as “GICE” and the 

last two samples from the Dunleith Formation as “Post-GICE” interval. 

 

6.2.1 Chitinozoan assemblages 

 

1. Pre-GICE interval 

The chitinozoan assemblage of the pre GICE interval consists mainly of Desmochitina erinacea, 

Desmochitina minor, Belonechitina robusta and Belonechitina cf. robusta. Belenochitina cf. 

micracantha and Belenochitina sp.1 only occur at the base of the formation and two new 

species, Belenochitina sp.2 and Fungochitina spinifera appear. No major changes in the 

assemblage occur and the faunal succession is rather continuous throughout the Spechts Ferry 

Formation.  
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2.  GICE interval 

The lower part of the GICE (Guttenberg Formation) is marked by the appearance of new 

species Conochitina minnesotensis, Cyathochitina brevis, Belenochitina duplicitas and 

Fungochitina lepta, while most species from the pre-GICE interval have a continuous 

succcession throughout this lower GICE interval. Changes in the faunal composition however 

occur right after the transition between the Guttenberg and Ion members. This transition is 

marked by the dissapearance of Belonechitina robusta, Belenochitina cf. robusta and 

Belenochitina duplicitas and by the appearance of new species, Belenochitina sp.3, 

Belenochitina sp.4, Spinachitina sp.1 and Tanuchitina sp.1 with the reappearance of 

Belenochitina cf. micracantha.  

 

3. Post-GICE interval 

The faunal composition in the post GICE interval is very different from the two lower intervals. 

The interval is marked by the dissapearance of all former species, expect Desmochitina 

erinacea , Desmochitina minor and Conochitina minnesotensis which have a rather continuous 

range over the whole section. The interval is further marked by the appearance of the new 

species, Cyathochitina latipatagium, Fungochitina actonica and Hercochitina repsinata. 
 

 

6.2.2 Multidimensional scaling (MDS) plot 

 

In order to evaluate and to provide a visual representation of the similarity between the  

individual samples, I have constructed a multidimensional scaling (MDS) plot using Primer 

(version 6.1.10). To better visualize how the samples cluster together, I have labeled the 

samples per lithostratigraphic member. Samples that are plotted closer to each other are 

more similar than samples that are plotted further away from each other. 

The MDS plot (Figure 6.1) expresses a distinction between three different groups. The samples 

roughly cluster according to the core’s various lithostratigraphic formations, which raises the 

question whether the observed patterns are related to the changes in facies.  

 

When we apply the previously mentioned classification (“Pre-GICE”, “GICE” and “Post-GICE”) 

on this plot, we see that the samples from the Specht Ferry Member, Pre-GICE interval, cluster 

closely together with the samples from the Guttenberg Member, which is the lower part of 

the GICE interval. This implies that the chitinozoan assemblage from the lower part of the GICE 

interval is more similar to the assemblage of the Pre-GICE than to the assemblage of the upper 

part of the GICE interval. The samples from the Ion Member also cluster together, but less 

densely than the two other groups which implies that the chitinozoan assemblage from the 

upper part of the GICE interval is different from both the Pre-GICE and Post-GICE interval, but 

that there also exist variation in the assemblage itself. The chitinozoan assemblage of the 

Post-GICE interval, even though it only contains two samples from the Dunleith Formation, 

differs greatly from the other two assemblages.  
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Figure 6.1 MDS plot of the samples from the Langer Core labeled per lithostratigraphic member. Three 
different groups can be distinguished and roughly cluster according to these lithostratigraphic 
formations. The first cluster are the samples from the Spechts Ferry Member together with the samples 
from the Guttenberg Member. The second cluster is rather large and contains the samples from the Ion 
Member. The third and last cluster are the two samples from the Dunleith Formation. 

 

These results imply that, during the GICE interval, a turn-over occurred from a pre-excursion 

assemblage (Spechts Ferry Member) to an assemblage which was constant during the upper 

part of the excursion (Ion Member) and ultimately to a post-excursion assemblage (Dunleith 

Formation).  
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6.2.3 Abundance plots 

Absolute abundances and species diversity 

 

 

Figure 6.2 Absolute abundances and species diversity for each sample plotted against the δ13C curve from the 
Langer Core. The absolute abundances know the lowest values in the Guttenberg with ± 43 specimens/gram and 
the highest values in the Ion Member up to ± 628 specimens/gram. The species diversity is rather low and ranges 
from 4 to 8 species per sample.  
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When observing the absolute abundances of the total chitinozoans in all samples (Figure 6.2), it is 

striking that the sample abundances from the Guttenberg Member are rather low while those of 

the Ion Member are the highest of the whole section.  

 

The base of the Guttenberg Member is already associated with low chitinozoan abundances. 

There is a slight increase in the chitinozoan abundances, after which a decrease in the abundance 

values occurs. The low values seem to coincide with rather high values of the δ13C curve. These 

abundances are the lowest from the whole section and stay rather constant throughout the rest 

of the Guttenberg Member. The transition from the Guttenberg Member to the Ion Member is 

associated with a rise in the absolute abundances and appears to coincide with a negative drop of 

the δ13C values. Another decrease of the absolute abundances takes place after which it rises 

again to reach its maximum value in the middle of the Ion Member. When looking at the younger 

strata of the Dunleith Member, a decrease in the absolute chitinozoans abundances is observed. 

The species diversity stays rather constant throughout the whole studied section (Figure 6.2). The 

diversity ranges from minimum 4 to maximum 8 species, which is rather low. When we look at the 

two graphs together, it is striking that, although the species diversity stays rather constant, the 

absolute abundances do change during the GICE interval.  

 

In general: the lower part of the GICE interval is associated with low abundances after which they 

rise again in the upper part of the GICE interval. 

 

Relative genera abundances 
 

1. Pre-GICE interval 

 

The dominant genera of the Spechts Ferry Member are Belenochitina, Desmochitina and 

Fungochitina. Both Desmochitina and Fungochitina know a decrease in abundance throughout 

the Pre-GICE interval, while Belonechitina first shows a decrease after which it shows a rather 

big increase in relative abundance. The Pre-GICE interval consists of a chitinozoan assemblage 

mainly dominated by Belonechitina. 

 

2. GICE interval 

 

Belonechitina is the dominant genus throughout the lower part of the GICE interval and most 

of the upper part of the GICE interval, with variably small abundances from Conochitina, 

Cyathochitina, Desmochitina and at the end of the Guttenberg Member, Fungochitina 

reappears. The genus Spinachitina appears in the middle of the Ion Member and at the end of 

the GICE-interval, a shift has occurred to an assemblage dominated by Spinachitina instead of 

Belonechitina. 
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Figure 6.3 Relative abundances of the recovered genera plotted against the δ

13
C curve from the Langer Core. 
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3. Post-GICE interval 

The chitinozoan assemblages from the Post-GICE interval show a shift from a chitinozoan 
assemblage dominated by Spinachitina to an assemblage dominated by Hercochitina.  

 
 

6.2.4 Faunal turnover? 

The results imply that a faunal turnover occurs during the GICE-interval. The appearance 

of this interval occurs however with a transgressive trend and with a transition in the 

lithology. Are the observed patterns related to the δ13C excursion or rather to the 

changes in facies? These changes in the facies could however be related to the changes 

in the  δ13C curve which suggests that the faunal turnover is indeed related to the GICE.  

 

The absolute chitinozoan abundances seems to roughly coincide with the δ13C curve. The 

assemblages have a rather low abundance pattern in the Guttenberg member, which 

goes together with high vales of the δ13C curve. The transition from the Guttenberg 

member to the Ion member and the rise in chitinozoan abundance coincide with two 

little very negative drops in the δ13C curve. This suggests that the excursion has an effect 

on the chitinozoan assemblages. These low abundances, together with a shift in 

environmental conditions at the transition to the Ion member probably caused extra 

stress which triggered a faunal turnover of the chitinozoan assemblages.  

 

It is rather difficult to compare the Post-GICE assemblage with the successions before 

and during the GICE interval since only two samples are analysed and because there is a 

large gap between the last sample from the Ion member (LA-68,6) and the first sample 

post-excursion (LA-60,5); there exist also a large gap between the two samples from the 

Dunleith Formation itself. Further investigation is needed before any conclusive 

statements can be made.  
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7 CONCLUSION 
 

 

A faunal turnover in the chitinozoan assemblages recovered from the Langer Core is 

observed during the GICE interval. This turnover seems to happen in two fases:  

 

(i) During the lower part of the GICE, we observe low chitinozoan abundances but 

the assemblage recovered from the Guttenberg Member still closely resembles 

the chitinozoan assemblage observed pre-excursion. This assemblage is mainly 

dominated by the genus Belonechitina.  

 

(ii) During the upper part of the GICE, the chitinozoan abundances become very 

high and a turnover in the chitinozoan assemblages is observed. The asemblage 

recovered from the Ion Member shows a shift from Belenochitina-dominance to 

a Spinachitina dominated assemblage.  

The two samples from the Galena Formation (Post-GICE interval) show an even bigger 

shift among the observed chitinozoan assemblages. A higher resolution sampling of 

younger strata is however needed in order to tell something about how and when the 

shift in the assemblage occurs and if it can be linked to the GICE or not.  

 

No chitinozoan specimens were recovered from the two sections of the Upper-Devonian. 

A possible reason for their absence could be that they already went (locally) extinct. 

Further research is needed before any conclusions can be made about the extinction 

pattern of the chitinozoans.  
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PLATE 1 
 
All figures are to scale and all scale bars are 100 μm in length, unless indicated otherwise. 
 
 

1. Scolecodont, sample Cong 17,5 
 

2. Scolecodont, sample Cong 17,5 
 

3. Scolecodont, sample Cong 18 
 

4. Scolecodont, sample Cong 18 
 

5. Scolecodont, sample Cong 18 
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PLATE 2 
 
All figures are to scale and all scale bars are 50 μm in length, unless indicated otherwise. 

 

1. Desmochitina erinacea, sample LA-79,0  

 

2. Desmochitina erinacea, sample LA-84,0 

 

3. Desmochitina erinacea, sample LA-84,0 

 

4. Desmochitina erinacea, sample LA-105,0 

 

5. Desmochitina erinacea, sample LA-84,0 

 

6. Desmochtiina erinacea, sample LA-84,0 

 

7. Desmochitina erinacea, sample LA-89,0 

 

8. Desmochitina erinacea, sample LA-105,0 

 

9. Desmochitina erinacea, sample LA-89,0 

 

10. Desmochitina erinacea, sample LA-105,0 

 

11. Desmochitina erinacea, sample LA-87,0 

 

12. Desmochitina erinacea, sample LA-105,0 

 

13. Desmochitina erinacea, sample LA-114,8 

 

14. Desmochitina erinacea, sample LA-105,0 

 

15. Desmochitina erinacea, sample LA-105,0 

 

16. Desmochitina erinacea, sample LA-105,0 
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PLATE 3 
 
All figures are to scale and all scale bars are 50 μm in length, unless indicated otherwise. 

 

1. Desmochitina erinacea, sample LA-114,0 

 

2. Desmochitina erinacea, sample LA-114,0 

 

3. Desmochitina erinacea, sample LA-114,0 

 

4. Desmochitina erinacea, sample LA-114,0 

 

5. Desmochitina erinacea, sample LA-105,0 

 

6. Desmochtina erinacea, sample LA-105,0 

 

7. Desmochitina erinacea, sample LA-105,0 

 

8. Desmochitina erinacea, sample LA-105,0 

 

9. Desmochitina erinacea, sample LA-114,8; size 20 µm 

 

10. Desmochitina erinacea, sample LA-114,8 

 

11. Desmochitina erinacea, sample LA-114,8 

 

12. Desmochitina erinacea, sample LA-114,8 

 

13. Desmochitina erinacea, sample LA-114,8 
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PLATE 4 
 
All figures are to scale and all scale bars are 50 μm in length, unless indicated otherwise. 

 

1. Desmochitina minor, sample LA-105,0 

 

2. Desmochitina minor, sample LA-97,0 

 

3. Desmochitina minor, sample LA-114,0 

 

4. Desmochitina minor, sample LA-114,0 

 

5. Desmochitina minor, sample LA-114,0 

 

6. Desmochitina minor, sample LA-114,0 

 

7. Desmochitina minor, sample LA-105,0 

 

8. Desmochitina minor, sample LA-105,0 

 

9. Desmochitina minor, sample LA-105,0 

 

10. Desmochitina minor, sample LA-114,8 

 

11. Desmochitina minor, sample LA-114,8 

 

12. Tanuchitina sp.1 , sample LA-74,8; size 100 µm 

 

13. Desmochitina minor, sample LA-114,8 

 

14. Desmochitina minor, sample LA-114,0 

 

15. Desmochitina minor, sample La-114,0 
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PLATE 5 
 
All figures are to scale and all scale bars are 100 μm in length, unless indicated otherwise. 

 
1. Belonechitina duplicitas, sample LA-84,0 

 

2. Belonechitina duplicitas, sample LA-84,0 

 

3. Belonechitina duplicitas, sample LA-84,0 

 

4. Belonechitina duplicitas, sample LA-87,0 

 

5. Belonechitina duplicitas, sample LA-87,0 

 

6. Belonechitina duplicitas, sample LA-84,0; size 50 µm 

 

7. Detail from 4;  size 50 µm 

 

8. Detail from 5;  size 50 µm 

 

9. Bottom from Belonechitina duplicitas, sample LA-87,0;  size 50 µm 
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PLATE 6 
 
All figures are to scale and all scale bars are 100 μm in length, unless indicated otherwise. 

 
1. Belonechitina cf. micracantha, sample LA-68,0 

 

2. Belonechitina cf. micracantha, sample LA-72,0 

 

3. Belonechitina cf. micracantha, sample LA-78,0 

 

4. Belonechitina cf. micracantha, sample LA-78,0 

 

5. Belonechitina cf. micracantha, sample LA-78,0 

 

6. Belonechitina cf. micracantha, sample LA-79,0 

 

7. Belonechitina cf. micracantha, sample LA-79,0 

 

8. Belonechitina cf. micracantha, sample LA-114,8 

 

9. Belonechitina cf. micracantha, sample LA-114,8 

 

10. Belonechitina cf. micracantha, sample LA-114,8 

 

11. Belonechitina cf. micracantha, sample LA-114,8 

 

12. Belonechitina cf. micracantha, sample LA-74,8 

 

13. Belonechitina cf. micracantha, sample LA-114,0 

 

14. Detail from 10; size 50 µm 

 

15. Belonechitina cf. micracantha, sample LA-78,0 

 

16. Belonechitina cf. micracantha, sample LA-72,0 
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PLATE 7 
 
All figures are to scale and all scale bars are 100 μm in length, unless indicated otherwise. 

 

1. Belonechitina robusta, sample LA-82,0 

 

2. Belonechitina robusta, sample LA-92,0 

 

3. Belonechitina robusta, sample LA-92,0 

 

4. Belonechitina robusta, sample LA-92,0 

 

5. Belonechitina robusta, sample LA-92,0 

 

6. Belonechitina robusta, sample LA-92,0 

 

7. Belonechitina robusta, sample LA-92,0 

 

8. Belonechitina robusta, sample LA-87,0 

 

9. Belonechitina robusta, sample LA-92,0 

 

10. Belonechitina robusta, sample LA-97,0 

 

11. Belonechitina robusta, sample LA-97,0 

 

12. Belonechitina robusta, sample LA-97,0 

 

13. Detail of 9; size 20 µm 

 

14. Detail of 10; size 20µm 

 

15. Detail of 11; size 50 µm 

 

16. Belonechitina robusta, sample LA-101,0 ; densely ornamented specimen 
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PLATE 8 
 
All figures are to scale and all scale bars are 100 μm in length, unless indicated otherwise. 

 

1. Belonechitina robusta, sample LA-105,9 

 

2. Belonechitina robusta, sample LA-105,9 

 

3. Belonechitina robusta, sample LA-105,9 

 

4. Belonechitina robusta, sample LA-101,2 

 

5. Belonechitina robusta, sample LA-105,9 

 

6. Belonechitina robusta, sample LA-105,9 

 

7. Detail from 4;  size 50 µm 

 

8. Belonechitina robusta, sample LA-105,9 

 

9. Belonechitina robusta, sample LA-105,9 
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PLATE 9 
 
All figures are to scale and all scale bars are 100 μm in length, unless indicated otherwise. 

 

1. Belonechitina cf. robusta, sample LA-84,5 

 

2. Belonechitina cf. robusta, sample LA-92,8 

 

3. Belonechitina cf. robusta, sample LA-95,3 

 

4. Belonechitina cf. robusta, sample LA-97,9 

 

5. Belonechitina cf. robusta, sample LA-105,0 

 

6. Belonechitina cf. robusta, sample LA-105,0 

 

7. Belonechitina cf. robusta, sample LA-105,0 

 

8. Belonechitina cf. robusta, sample LA-105,0 

 

9. Belonechitina cf. robusta, sample LA-109,0 

 

10. Belonechitina cf. robusta, sample LA-101,2 

 

11. Belonechitina cf. robusta, sample LA-101,2 

 

12. Belonechitina cf. robusta, sample LA-101,2 

 

13. Belonechitina cf. robusta, sample LA-101,2 

 

14. Belonechitina cf. robusta, sample LA-101,2 

 

15. Belonechitina cf. robusta, sample LA-101,2; size 50 µm 

 

16. Belonechitina cf. robusta, sample LA-101,2; size 50 µm 
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PLATE 10 
 
All figures are to scale and all scale bars are 100 μm in length, unless indicated otherwise. 

 

1. Belonechitina sp.1, sample LA-114,8 

 

2. Belonechitina sp.1, sample LA-114,0; size 200 µm 

 

3. Belonechitina sp.1, sample LA-114,8 

 

4. Belonechitina sp.1, sample LA-114,8 

 

5. Belonechitina sp.1, sample LA-114,0; size 200 µm 

 

6. Belonechitina sp.1, sample LA-114,8; size 200 µm 

 

7. Belonechitina sp.1, sample LA-114,8; size 200 µm 

 

8. Belonechitina sp.1, sample LA-114,8 

 

9. Belonechitina sp.1, sample LA-114,8 

 

10. Belonechitina sp.1, sample LA-114,8 

 

11. Detail of 7, sample LA-114,8;  size 20 µm 

 

12. Detail of 8, sample LA-114,8;  size 50 µm 
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PLATE 11 
 
All figures are to scale and all scale bars are 100 μm in length, unless indicated otherwise. 

 

1. Belonechitina sp.2, sample LA-84,5 

 

2. Belonechitina sp.2, sample LA-84,5 

 

3. Belonechitina sp.2, sample LA-84,5 

 

4. Belonechitina sp.2, sample LA-92,8 

 

5. Belonechitina sp.2, sample LA-92,8 

 

6. Belonechitina sp.2, sample LA-92,8 

 

7. Belonechitina sp.2, sample LA-92,8 

 

8. Belonechitina sp.2, sample LA-92,8 

 

9. Belonechitina sp.2, sample LA-72,3 

 

10. Belonechitina sp.2, sample LA-92,8 

 

11. Belonechitina sp.2, sample LA-92,8 

 

12. Belonechitina sp.2, sample LA-92,8 

 

13. Detail of 9 ; size 20 µm 

 

14. Detail of 10 ; size 20 µm 

 

15. Belonechitina sp.2, sample LA-92,8 

 

16. Belonechitina sp.2, sample LA-109,0 
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PLATE 12 
 
All figures are to scale and all scale bars are 100 μm in length, unless indicated otherwise. 

 

1. Belonechitina sp.2, sample LA-99,4-99,8 

 

2. Belonechitina sp.2, sample LA-99,4-99,8; size 50 µm 

 

3. Belonechitina sp.2, sample LA-99,4-99,8; size 50 µm 

 

4. Belonechitina sp.2, sample LA-92,8 

 

5. Belonechitina sp.2, sample LA-92,8 

 

6. Belonechitina sp.2, sample LA-89,2-89,5 

 

7. Detail of 4 ; size 20 µm 

 

8. Detail of 5 ; size 50 µm 

 

9. Belonechitina sp.2, sample LA-109,0 
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PLATE 13 
 
All figures are to scale and all scale bars are 100 μm in length, unless indicated otherwise. 

 

1. Belonechitina sp.3, sample LA-81,8 

 

2. Belonechitina sp.3, sample LA-81,8 

 

3. Belonechitina sp.3, sample LA-81,8; size 200 µm 

 

4. Belonechitina sp.3, sample LA-81,8 

 

5. Belonechitina sp.3, sample LA-81,8 

 

6. Belonechitina sp.3, sample LA-81,8; size 200 µm 

 

7. Belonechitina sp.3, sample LA-81,8 

 

8. Belonechitina sp.3, sample LA-81,8; size 200 µm 

 

9. Belonechitina sp.3, sample LA-81,8 

 

10. Belonechitina sp.3, sample LA-81,8 

 

11. Belonechitina sp.3, sample LA-81,8 

 

12. Belonechitina sp.3, sample LA-84,5 

 

13. Detail of 9 ; size 20 µm 

 

14. Detail of 10 ; size 50 µm 

 

15. Detail of 11 ; size 50 µm 

 

16. Belonechitina sp.3, sample LA-81,5 
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PLATE 14 
 
All figures are to scale and all scale bars are 100 μm in length, unless indicated otherwise. 

 

1. Belonechitina sp.4, sample LA-78,0 

 

2. Belonechitina sp.4, sample LA-78,0 

 

3. Belonechitina sp 4, sample LA-78,0 

 

4. Belonechitina sp 4, sample LA-78,0 

 

5. Belonechitina sp 4, sample LA-79,0 

 

6. Belonechitina sp 4, sample LA-79,0 

 

7. Belonechitina sp 4, sample LA-79,0 

 

8. Belonechitina sp 4, sample LA-79,0 

 

9. Belonechitina sp 4, sample LA-79,0 

 

10. Belonechitina sp 4, sample LA-79,0 

 

11. Belonechitina sp 4, sample LA-79,0 

 

12. Belonechitina sp 4, sample LA-79,0, size 50 µm 

 

13. Belonechitina sp 4, sample LA-79,0 

 

14. Belonechitina sp 4, sample LA-74,8 

 

15. Belonechitina sp 4, sample LA-74,8 

 

16. Belonechitina sp.4, sample LA-79,0 
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PLATE 15 
 
All figures are to scale and all scale bars are 100 μm in length, unless indicated otherwise. 

 

1. Hercochitina repsinata, sample LA-60,5 

 

2. Hercochitina repsinata, sample LA-51,2; size 200 µm 

 

3. Hercochitina repsinata, sample LA-51,2 

 

4. Hercochitina repsinata, sample LA-60,5 

 

5. Hercochitina repsinata, sample LA-60,5 

 

6. Hercochitina repsinata, sample LA-60,5 

 

7. Hercochitina repsinata, sample LA-60,5 

 

8. Hercochitina repsinata, sample LA-60,5 

 

9. Hercochitina repsinata, sample LA-51,2; size 200 µm 

 

10. Hercochitina repsinata, sample LA-51,2 

 

11. Hercochitina repsinata, sample LA-60,5 

 

12. Hercochitina repsinata, sample LA-51,2 

 

13. Detail from 9 ; size 20 µm 

 

14. Hercochitina repsinata, sample LA-60,5; size 20 µm 

 

15. Hercochitina repsinata, sample LA-51,2; size 50 µm 

 

16. Hercochitina repsinata, sample LA-51,2 
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PLATE 16 
 
All figures are to scale and all scale bars are 100 μm in length, unless indicated otherwise. 

 

1. Spinachitina sp.1, sample LA-68,8 

 

2. Spinachitina sp.1, sample LA-68,8 

 

3. Spinachitina sp.1, sample LA-68,8 

 

4. Spinachitina sp.1, sample LA-68,8 

 

5. Spinachitina sp.1, sample LA-68,8 

 

6. Spinachitina sp.1, sample LA-68,8 

 

7. Spinachitina sp.1, sample LA-72,3 

 

8. Spinachitina sp.1, sample LA-72,3 

 

9. Spinachitina sp.1, sample LA-68,6 

 

10. Spinachitina sp.1, sample LA-68,6 

 

11. Spinachitina sp.1, sample LA-72,3 

 

12. Spinachitina sp.1, sample LA-72,3 

 

13. Spinachitina sp.1, sample LA-72,3 

 

14. Spinachitina sp.1, sample LA-72,3 

 

15. Spinachitina sp.1, sample LA-72,3 

 

16. Spinachitina sp.1, sample LA-72,3 
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PLATE 17 
 
All figures are to scale and all scale bars are 200 μm in length, unless indicated otherwise. 

 

1. Conochitina minnesotensis, sample LA-99,6 

 

2. Conochitina minnesotensis, sample LA-89,3 

 

3. Conochitina minnesotensis, sample LA-99,6; size 300 

 

4. Conochitina minnesotensis, sample LA-74,8; size 500 µm 

 

5. Conochitina minnesotensis, sample LA-99,6 

 

6. Conochitina minnesotensis, sample LA-99,6 

 

7. Conochitina minnesotensis, sample LA-89,3 

 

8. Conochitina minnesotensis, sample LA-99,6 

 

9. Conochitina minnesotensis, sample LA-99,6 

 

10. Conochitina minnesotensis, sample LA-79,9 

 

11. Conochitina minnesotensis, sample LA-87,0 

 

12. Conochitina minnesotensis, sample LA-89,3; size 300 µm 

 

13. Conochitina minnesotensis, sample LA-78,0; size 100 µm 

 

14. Conochitina minnesotensis, sample LA-79,9 

 

15. Conochitina minnesotensis, sample LA-99,6  

 

16. Conochitina minnesotensis, sample LA-87,0; size  100 µm 

 

17. Conochitina minnesotensis, sample LA-89,2-89,5  

 

18. Conochitina minnesotensis, sample LA-92,8; size  100 µm 
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PLATE 18 
 
All figures are to scale and all scale bars are 100 μm in length, unless indicated otherwise. 

 

1. Cyathochitina latipatagum, sample LA-60,5, size 200 µm 

 

2. Cyathochitina latipatagium, sample LA-60,5 

 

3. Cyathochitina latipatagium, sample LA-60,5 

 

4. Cyathochitina latipatagium, sample LA-60,5 

 

5. Cyathochitina latipatagum, sample LA-60,5; size 200 µm 

 

6. Cyathochitina latipatagum, sample LA-60,5; size 200 µm 

 

7. Cyathochitina kuckersiana brevis, sample LA-97,9; size 200 µm 

 

8. Cyathochitina kuckersiana brevis, sample LA-97,9 

 

9. Cyathochitina kuckersiana brevis, sample LA-97,9 
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PLATE 19 
 
All figures are to scale and all scale bars are 50 μm in length, unless indicated otherwise. 

 

1. Fungochitina actonica, sample LA-60,5 

 

2. Fungochitina actonica, sample LA-60,5 

 

3. Fungochitina actonica, sample LA-60,5 

 

4. Fungochitina actinoca, sample LA-60,5 

 

5. Fungochitina actonica, sample LA-60,5 

 

6. Fungochitina actonica, sample LA-60,5 

 

7. Fungochitina actonica, sample LA-60,5 

 

8. Fungochitina actonica, sample LA-60,5 

 

9. Fungochitina actonica, sample LA-60,5 

 

10. Fungochitina actonica, sample LA-60,5 

 

11. Fungochitina actonica, sample LA-60,5 

 

12. Fungochitina actonica, sample LA-60,5 

 

13. Fungochitina actonica, sample LA-60,5; size 100 µm 

 

14. Fungochitina actonica, sample LA-60,5 

 

15. Fungochitina actonica, sample LA-60,5 

 

16. Fungochitina actonica, sample LA-60,5 
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PLATE 20 
 
All figures are to scale and all scale bars are 100 μm in length, unless indicated otherwise. 

 

1. Fungochitina spinifera, sample LA-105,9 

 

2. Fungochitina spinifera, sample LA-105,9; size 50 µm 

 

3. Fungochitina spinifera, sample LA-105,9 

 

4. Fungochitina spinifera, sample LA-105,9 

 

5. Fungochitina spinifera, sample LA-105,9 

 

6. Fungochitina spinifera, sample LA-105,9 

 

7. Fungochitina spinifera , sample LA-109,0 

 

8. Fungochitina spinifera, sample LA-109,0 

 

9. Fungochitina spinifera, sample LA-109,0 

 

10. Fungochitina spinifera, sample LA-109,0 

 

11. Fungochitina spinifera, sample LA-109,0 

 

12. Fungochitina spinifera, sample LA-109,0 

 

13. Fungochitina spinifera, sample LA-109,0 

 

14. Fungochitina spinifera, sample LA-109,0 

 

15. Fungochitina spinifera, sample LA-109,0 

 

16. Fungochitina spinifera, sample LA-109,0 
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PLATE 21 
 
All figures are to scale and all scale bars are 50 μm in length, unless indicated otherwise. 

 

1. Fungochitina lepta, sample LA-79,9 

 

2. Fungochitina lepta, sample LA-79,9 

 

3. Fungochitina lepta, sample LA-79,9 

 

4. Fungochitina lepta, sample LA-84,5; size 100 µm 

 

5. Fungochitina lepta, sample LA-79,9 

 

6. Fungochitina lepta, sample LA-79,9 

 

7. Fungochitina lepta, sample LA-87,0 

 

8. Fungochitina lepta, sample LA-87,0 

 

9. Fungochitina lepta, sample LA-87,0 

 

10. Fungochitina lepta, sample LA-87,0 

 

11. Fungochitina lepta, sample LA-87,0 

 

12. Fungochitina lepta, sample LA-87,0 

 

13. Fungochitina lepta, sample LA-95,3 

 

14. Fungochitina lepta, sample LA-95,3 

 

15. Fungochitina lepta, sample LA-98,0 

 

16. Fungochitina lepta, sample LA-87,0 
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PLATE 22 
 
All figures are to scale and all scale bars are 100 μm in length, unless indicated otherwise. 

 

1. Scolecodont, sample LA-68,6; 200 µm 

 

2. Scolecodont,  sample LA-79,9 

 

3. Scolecodont, sample LA-79,9 

 

4. Scolecodont, sample LA-84,5 

 

5. Scolecodont, sample LA-84,5; size 50 µm 

 

6. Scolecodont,  sample LA-84,5 

 

7. Scolecodont , sample LA-92,8 

 

8. Scolecodont, sample LA-97,9 

 

9. Scolecodont, sample LA-87,0 

 

10. Scolecodont, sample LA-114,8 

 

11. Scolecodont, sample LA-74,8 

 

12. Scolecodont, sample LA-87,0; 500 µm 

 

13. Scolecodont, sample LA-79,9 

 

14. Scolecodont, sample LA-114,8 

 

15. Scolecodont, sample LA-114,8 

 

16. Scolecodont, sample LA-95,3 
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PLATE 23 
 
All figures are to scale and all scale bars are 100 μm in length, unless indicated otherwise. 

 

1. Scolecodont, sample LA-89,3; size 200 µm 

 

2. Scolecodont, sample LA-89,3; size 50 µm 

 

3. Scolecodont, sample LA-89,3 

 

4. Scolecodont, sample LA-89,3; size 200 µm 

 

5. Scolecodont, sample LA-89,3; size 50 µm 

 

6. Scolecodont, sample LA-89,3 

 

7. Scolecodont, sample LA-89,3 size 300 µm 

 

8. Scolecodont, sample LA-89,3 

 

9. Scolecodont, sample LA-89,3 size 50 µm 

 

10. Scolecodont, sample LA-89,3 

 

11. Scolecodont, sample LA-89,3; size 300 µm 

 

12. Scolecodont, sample LA-89,3 

 

13. Scolecodont, sample LA-89,3 

 

14. Scolecodont, sample LA-89,3 

 

15. Scolecodont, sample LA-89,3 

 

16. Scolecodont, sample LA-89,3 
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PLATE 24 
 
All figures are to scale and all scale bars are 200 μm in length, unless indicated otherwise. 

 

1. Acritarch, sample LA-72,3 

 

2. Acritarch, sample LA-72,3; size 500 µm 

 

3. Acritarch, sample LA-79,9 

 

4. Acritarch, sample LA-79,9 

 

5. Acritarch, sample LA-81,8 

 

6. Acritarch, sample LA-101,2 

 

7. Acritarch, sample LA-74,8 

 

8. Acritarch, sample LA-89,3 

 

9. Acritarch, sample LA-89,3 

 

10. Acritarch, sample LA-60,5 

 

11. Gastropoda? , sample LA-60,5; size 300 µm 

 

12. Crinoidea?, sample LA-89,3; size 100 µm 
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PLATE 25 
 
All figures are to scale and all scale bars are 100 μm in length, unless indicated otherwise. 

 

1. Bryozoan?, sample LA-72,8 

 

2. Bryozoan?, sample LA-92,8 

 

3. Bryozoan?, sample LA-87,0 

 

4. Bryozoan?, sample LA-87,0 

 

5. Bryozoan?, sample LA-87,0 

 

6. Bryozoan?, sample LA-99,6 

 

7. Bryozoan?, sample LA-99,6 

 

8. Bryozoan?, sample LA-99,6 

 

9. Bryozoan?, sample LA-87,0 
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APPENDIX I 

 
Picture from a part of the Langer Core. This section includes the Guttenberg Member (Decorah 

Formation). 
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APPENDIX II 
 

Litholog from the Burbank Hills section. 
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