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Chapter 1. Summary 

1.1. Introduction 

The Late Cretaceous saw the final phase in the development of ammonoid 

cephalopods, one of the more important invertebrate fossil groups during the latter part of the 

Mesozoic. Amongst various other biota, the great majority of ammonites went extinct at the 

end of the Cretaceous Period and a few others slightly later, during the earliest Danian 

(Machalski, 2002, 2005; Jagt et al., 2003; Machalski & Heinberg, 2005; Machalski et al., 

2009). Moreover, Cretaceous ammonites, and Late Cretaceous ones in particular, constitute a 

special group which is still essential from a biostratigraphical point of view, and which is 

markedly different from Palaeozoic, Triassic and Jurassic taxa in shell morphology and 

sutural details. In addition, they are characterised by various special morphotypes, termed 

heteromorph, which flourished during this period. In fact heteromorphs are the sole 

ammonoids to survive into the earliest Paleocene. Moreover, the generally accepted (see e.g., 

Wiedmann & Kullmann, 1996) view that ammonite taxonomic diversity gradually decreased 

from the Albian to the Maastrichtian prior to extirpation at the Cretaceous/Paleogene 

boundary needs to be evaluated critically, because data for the Pacific Russian coast suggest 

otherwise. Following a marked crisis across the Albian/Cenomanian boundary when almost 

all taxa disappeared (either becoming extinct or migrating), a general increase in diversity 

from the Cenomanian to the Campanian is noted, despite a number of critical levels during 

this interval. Especially interesting are the Campanian and Maastrichtian stages. During the 

former, taxonomic diversity approached the high levels seen in the Albian, thus documenting 

an almost complete recovery, while during the latter numerous new species appeared to the 

extent that this could be termed a radiation event. Ammonite extinction at the 

Cretaceous/Paleogene boundary has also been documented in Far East Russia, similar to 

various K/Pg boundary sites across the globe.  

The main aim of the present work is a detailed analysis of the Albian-Maastrichtian 

ammonite faunas from the Russian Pacific coast (Fig. 1), where Cretaceous deposits are 

widely distributed and well characterised by different macro- and microfaunal groups. A 

major obstacle encountered in correlations with the type areas (mostly in Europe) of the 

various mid- and Upper Cretaceous stages is the high degree of faunal endemicity which 

typifies Pacific Cretaceous faunas in general and Upper Cretaceous ones in particular. This 

explains why most of the recently proposed criteria for the recognition of stage boundaries 

cannot be applied here. Moreover, macrofaunal complexes from the Russian Pacific coast are 

easily subdivided into endemic taxonomic groups, which illustrates the extent of local 
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provincialism: northern (Koryak Upland, Chukotka Peninsula and Kamchatka), southern 

(Sakhalin and the Kuril Islands) and Primorye, inclusive of Sikhote Alin. Therefore, all of the 

above-mentioned issues document the special position occupied during the Cretaceous Period 

by the Pacific realm in general and the Russian coastal regions in particular. Seen in this light, 

the ‘extinction pattern’ of ammonoid cephalopods, based on data from Pacific representatives, 

certainly differs from traditional views expressed in the literature. This  is an issue related to 

endemicity and provincialism in the Pacific realm in general. It has far-reaching implications 

for the identification of stage boundaries in Pacific sections and for attempts at global 

correlation, which, by necessity, had to rely on linking different kinds of events, either biotic 

(extinction, radiation, faunal turnover) or abiotic (volcanism, tectonics, anoxic events), in the 

absence of key index species used as criteria for stage boundaries.  
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Fig. 1.1. Distribution of Cretaceous deposits in the Russian Far East; A. northeast Russia, Arctic 

Palaeobiogeographic Province; B. Early Cretaceous-Cenomanian in Sikhote Alin and Primorye and 

Albian-Maastrichtian in Sakhalin Island, Northwest Pacific Palaeobiogeographic Province ; C. 

Campanian-Maastrichtian in Shikotan Island (southern Kuril Ridge, Kuril Islands), Northwest Pacific 

Palaeobiogeographic Province. 
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1.2. Framework 

The present work provides an analysis of Albian-Maastrichtian ammonite faunas, as 

well as sedimentary environments in the North Pacific Province (sensu Jeletzky, 1965; 

Westermann, 2000), as based on personal studies of the Russian Pacific coast, 

administratively referred to as ‘Far East Russia’ (Fig. 1). 

    The major portion of the collection studied has been amassed during field work in 

1986-1989 and 1999 in Sakhalin and the Shikotan islands, at Ugolnaya Bay in Chukotka 

Peninsula and along the Anadyr River Valley in Koryakia Upland where different groups of 

geologists from St Petersburg, Magadan and Juzhno-Sakhalinsk provided geological mapping 

of these territories. The author of the present work was invited to take part in this research as a 

stratigrapher. Later, the entire material was left for future studies. In addition to the author’s 

collection, specimens were obtained from Professor V.N. Vereschagin’s group (VSEGEI), an 

extensive collection made since the 1950s by numerous scientists, amongst whom T.D. 

Zonova, Ju.G. Mirolubov, M.V. Titova and A.S. Shuvaev. Some of these specimens have 

already been described, but others are awaiting study. 

In general, the author’s research is based on the view that three factors, i.e. 

palaeoecology (evolutionary dynamics of ammonites dependent of environmental changes, 

taxonomic composition and links with lithofacies), palaeobiogeography (distribution of 

ammonite taxa, endemicity, provincialism) and migration/extinction patterns (bioevents: 

extinction/migration, radiation and origination) can explain the above-mentioned patterns and 

enable long-distance correlations and comparisons with other continents, i.e. to supply the 

‘life history’ of ammonites through geological time. In doing so, the author has attempted to 

take into account virtually all previous papers as well as the most recent reference works and 

collections now housed at CNIGR Museum VSEGEI (St Petersburg, Russia; collection 

numbers NN 10693, 11799, 12632, 12769, 13061 and 13088), the Nationaal Natuurhistorisch 

Museum/Naturalis (Leiden, the Netherlands) and the Natuurhistorisch Museum Maastricht  

(Maastricht, the Netherlands; NHMM 2008 105-2008 129). 

1.3. Outline 

This thesis contains seven chapters. Chapters 2 to 5 are based on four papers which 

were published earlier in scientific journals. In addition to these, the work focuses on fifteen 

years of field work and laboratory studies; chapters 6 and 7 will subsequently also appear in 

peer-reviewed journals. The Appendix enumerates the source of fossil data: a list of localities 

mentioned in the text and figures (Table 1); a list of all currently recognised ammonite taxa 
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from the Russian Far East and their stratigraphic and geographic distribution (Table 2). The 

list of items of literature consulted for the present thesis comprises more than 500 papers and 

includes nearly all publications on this subject which the author is familiar with. 

Chapter 1, the introduction, provides an outline of the general characteristics of the 

project and the research background; it also sets out the main problems. Chapter 2, which is 

based on Yazykova et al. (2004), focuses on the Cenomanian/Turonian boundary interval in 

Sakhalin, as identified on the basis of ammonites, inoceramid bivalves, foraminifera and 

radiolarians. A significant macrofaunal turnover and radiation has been identified across the 

studied interval in Sakhalin and adjacent areas. Data obtained allow correlation within the 

Pacific realm and comparisons with other regions across the globe.   

Chapter 3, based on Yazykova (2002), discusses the Santonian/Campanian boundary 

in Sakhalin, characterised by ammonites and inoceramid bivalves. The sequence of faunas 

identified in Sakhalin enables the establishment of complementary ammonite and inoceramid 

zonal schemes for Santonian and Campanian strata. Four significant levels of faunal turnover 

and inoceramid radiation have been identified in successions in Sakhalin: (1) entry of radially 

ribbed inoceramids with simple (two-component) ligament apparatus at the base of the 

(locally defined) upper Santonian; (2) entry of radially ribbed taxa (Inoceramus elegans 

elegans, Inoceramus e. pseudosulcatus) and the non-radially ribbed Inoceramus nagaoi, at the 

locally defined Santonian/Campanian boundary; (3) a maximum in Late Cretaceous ammonite 

diversity during the early Campanian; (4) the initial radiation of radially ribbed inoceramids 

with a complex (three-component) ligament apparatus (subfamily Sachalinoceraminae) in the 

late early Campanian, followed by the main radiation of this subfamily in the early late 

Campanian. 

Chapter 4 provides an integrated biostratigraphy for the Campanian Stage and a 

discussion of its palaeocommunities in Sakhalin (Yazykova et al. 2002). Changes in 

biodiversity were investigated within the context of relative sea level changes and other 

environmental changes. The predominantly more or less deep-marine environment of the 

outer shelf basin as part of an active marginal sea, revealed by biota and sedimentary 

structures, probably changed from a deep and cool, well-oxygenated offshore zone to a 

shallower, warm and agitated nearshore setting, then returned to offshore conditions but with 

poorly ventilated deep and cold, low-salinity waters. The maximum diversity of planktonic 

and nektic groups is established at the base of the lower Campanian. The peak in diversity of 

benthic groups is recorded at the base of the upper Campanian; it is associated with a high 
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diversity of planktonic groups. Towards the end of Campanian, diversity in all faunal groups 

in the Sakhalin palaeobasin decreases.  

Chapter 5 is devoted to a detailed ammonite biozonation and a discussion of the litho-

/chronostratigraphy of the Cretaceous in Sakhalin and adjacent territories in Far East Russia 

(Yazykova, 2004). Portions of the present work should be seen as revisions of previous papers 

listed. Comparatively rich ammonite faunas collected from the Albian to Maastrichtian 

succession in Sakhalin have enabled the establishment of a detailed biostratigraphic 

framework, which can be easily applied in the field. New possibilities for correlation and 

precise local determination of stage boundaries, which have resulted from detailed 

investigation of bio-crisis intervals, are discussed. The ammonite zonation is integrated with 

that for two other predominant faunal groups (inoceramids and radiolarians), based on the co-

occurrence of zonal index taxa. Such detailed integrated biostratigraphy makes this scheme 

more reliable. A correlation with adjacent areas is provided as well. Based on fossils from 

Sakhalin, it follows that in-depth studies of each biotic level yield more opportunities for 

correlation, and a global synchronisation of bio-events across Cretaceous stage boundaries is 

also presented. 

Chapter 6 comprises revised data on ammonite faunas from all regions of the Russian 

Pacific and environs. It documents the absolute need for a revision of some taxonomic 

assignments and descriptions, and calls for more field work.  

Chapter 7 provides the main discussion and conclusions, discusses evolutionary 

dynamics of Pacific ammonites and regional bio-events during the Cretaceous in the light of 

global developments and of their demise at the Cretaceous/Paleogene boundary, and global 

correlation on the basis of both biostratigraphic zonation and bio-events.  


