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Abstract: The Late Jurassic-Early Cretaceous Phytoplankton Ecosystem Evolution and its associated 
Calcification Event were major evolutionary innovations of calcareous marine pelagic micro-organisms. 
Beginning about 160 Ma in the Oxfordian Stage calcareous nannofossils and calcareous dinoflagellates 
began calcifying their tests that subsequently accumulated as calcareous ooze. By the Tithonian Stage 
and continuing into the early Valanginian, calpionellids added to the diversification and expansion of 
this new pelagic ecosystem. This gradual, progressive ecosystem change in the oceanic photic realm 
was associated with increased burial of light carbon isotope. This calcareous plankton ecosystem suf-
fered a crisis about 135 Ma by the late Valanginian Carbon Isotope Excursion. This isotope excursion 
was temporally related to emplacement of the Paraná-Etendeka LIP in the Paraná Basin in South 
America. 

The upper Valanginian Carbon Isotope Excursion (VCIE) is a positive δ13C peak 1.5‰ to 3.0‰. In a 
thick terrigenous section, Japan, this excursion has four subunits bracketed by three radioisotope ages 
on ash beds. The VCIE began at 135.56 Ma and ended at 132.50 Ma. Its mean duration was 2.47 Myr. 
The VCIE subunits are correlated globally. Among these sections the age of the VCIE spans from 
135.79 Ma to 132.25 Ma. 

The VCIE documents increased terrigenous sediment deposition and relative sea-level rise in the Gulf 
of Mexico, west-central Atlantic, France, Italy, and Oman. Globally, climate became more humid with 
lower atmospheric pCO2 as subaerial volcanics were emplaced and weathered. Coincident was the late 
Valanginian Nannofossil-Calpionellid-Calcareous-Dinoflagellate Crisis characterized by decreased abun-
dance and diversity of these three groups. The biotic crisis is related to the VCIE and changing pale-
oenvironmental processes. This study illustrates ocean-climate processes that affected the latest 
Jurassic-earliest Cretaceous Earth system. 
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Résumé : Évolution de l'écosystème phytoplanctonique du Jurassique supérieur au Crétacé 
inférieur, interrompue par l'événement isotopique (δ13C) WEISSERT au Valanginien supé-
rieur.- L'évolution de l'écosystème phytoplanctonique du Jurassique supérieur au Crétacé inférieur, 
ainsi que l'événement de calcification qui lui est associé, constituent des innovations évolutives majeu-
res chez les microorganismes marins pélagiques calcaires. À partir d'environ 160 Ma, au cours de l'Ox-
fordien, les nannofossiles calcaires et les dinoflagellés calcaires ont commencé à calcifier ; ces micro-
structures se sont ensuite accumulées sous forme de boues calcaires. En outre, à partir du Tithonien et 
jusqu'au début du Valanginien, les calpionelles ont également contribué à la diversification et à l'expan-
sion de ce nouvel écosystème pélagique. Cette évolution progressive et graduelle de l'écosystème dans 
la zone photique océanique s'est accompagnée d'un enfouissement accru de l'isotope léger du carbone. 
Cet écosystème de plancton calcaire a subi une crise vers 135 Ma, lors de l'excursion isotopique 
(δ13C) du Valanginien supérieur. Cette excursion isotopique a été contemporaine de la mise en place 
de la grande province magmatique du Paraná-Etendeka dans le bassin du Paraná, en Amérique du Sud. 
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L'excursion isotopique (δ13C) du Valanginien supérieur (VCIE, Valanginian Carbon Isotope Excursion) 
correspond à un pic positif de δ¹³C compris entre 1,5 ‰ et 3,0 ‰. Dans une épaisse série terrigène 
du Japon, cette excursion comprend quatre sous-unités, encadrées par trois datations radio-isotopi-
ques réalisées sur des niveaux de cendres volcaniques. La VCIE a débuté à 135,56 Ma et s'est achevée 
à 132,50 Ma pour une durée moyenne de 2,47 millions d'années. Les sous-unités de la VCIE sont cor-
rélées à l'échelle mondiale. Dans les différentes séries étudiées, l'âge de la VCIE s'étend de 135,79 Ma 
à 132,25 Ma. 

La VCIE témoigne d'une augmentation des dépôts de sédiments terrigènes ainsi que d'une élévation 
relative du niveau marin dans le golfe du Mexique, l'Atlantique occidental et central, en France, en Ita-
lie et en Oman. À l'échelle mondiale, le climat est devenu plus humide, avec une diminution du pCO₂ 
atmosphérique, tandis que des roches volcaniques se mettaient en place en domaine émergé puis 
étaient soumises à l'altération. Cette période coïncide avec la crise des nannofossiles calcaires, des cal-
pionelles et des dinoflagellés calcaires du Valanginien supérieur, caractérisée par une diminution de 
l'abondance et de la diversité de ces trois groupes. Cette crise biologique est liée à la VCIE et aux mo-
difications des processus paléoenvironnementaux. Cette étude illustre les processus océaniques et cli-
matiques qui ont affecté le système Terre dans l'intervalle Jurassique terminal - Crétacé basal.   

Mots-clefs : 

• évolution du phytoplancton ;  
• événement de calcification du Tithonien-Berriasien ;  
• crise biotique du Valanginien ;  
• excursion isotopique WEISSERT du Valanginien ;  
• sous-unités de l'excursion du Valanginien ;  
• âge de la chémozone du Valanginien 

1. Introduction 
The Late Jurassic-Early Cretaceous oceans ex-

perienced the onset of calcification of major 
pelagic microbiota. This change drastically altered 
the marine planktonic paleocommunity and initi-
ated deposition of marine calcareous ooze. Cal-
careous nannoplankton, calcareous dinoflagellates 
and calpionellid loricas became widespread and 
common organisms in the pelagic zone and were 
deposited as deep-sea ooze becoming limestone 
and marl. Consequently, these fossil groups are 
now important biostratigraphic markers of 
Tithonian, Berriasian and Valanginian stages. The 
acme of these groups, however, was stunted in 
late Valanginian by a significant increase in δ13C ‰ 
and changes in sea-surface temperature and par-
tial CO2 pressure, and possibly increased trace el-
ement concentrations including phosphorus. This 
event has been identified as the WEISSERT Valan-
ginian Carbon Isotope Excursion Excursion (VCIE) 
(ERBA & TREMOLADA, 2004). 

Chemozones, such as the Valanginian CIE, are 
integral to stratigraphic correlation and interpre-
tation of paleoceanography and paleoclimates 
(SCOTT et al., 2023). The earliest Early Cretaceous 
positive carbon isotope excursion in bulk carbon-
ate and organic matter was initially identified in 
marine facies in Italy and France (reviewed by 
WEISSERT et al., 2008). The upper Valanginian 
Carbon Isotope Excursion (VCIE) was document-
ed in pelagic limestone of the Maiolica Formation 
deposited along the northern Tethys margin now 
in northern Italy (WEISSERT et al., 1985; ERBA et 
al., 2015). Initially this δ13C excursion was viewed 
as a rather symmetrical positive peak from 1.5‰ 
to 3.0‰ spanning the upper Valanginian sub-
stage and locally extending into the lowermost 
Hauterivian Stage as defined by calcareous nan-
nofossils (LINI et al., 2007; WEISSERT et al., 2008). 
Subsequent interpreters placed boundaries at dif-
ferent points on the curve, such as the inflection 

points where the isotope values increase or de-
crease or at the peaks. Boundaries were also 
placed at the peak where the isotope values begin 
to decrease or where they flatten out (HENNIG 

FISCHER, 2003) resulting in different correlation and 
timing results. 

The Valanginian carbon isotope excursion is 
reported globally in the Tethys Realm as well as 
in the Boreal Arctic and Southern Antarctic re-
gions (GRÉSELLE et al., 2011; MÖLLER et al., 2015; 
ALLEY et al., 2020; CHARBONNIER et al., 2020; JELBY 
et al., 2020; CAVALHEIRO et al., 2021). It is record-
ed in shallow-water carbonate facies, deep water 
facies, lacustrine facies (TONG et al., 2024), and in 
pedogenic terrestrial facies (JOECKEL et al., 2023). 
Here, the denomination of this excursion is sim-
plified to Valanginian Carbon Isotope Excursion 
(VCIE) so that its name is consistent with names of 
younger Cretaceous carbon isotope excursions. 

This study correlates the VCIE based upon 
lithostratigraphic, biostratigraphic and chemo-
stratigraphic data from deep-sea cores collected 
during the past fifty years. Consequently, data 
quality varies because collection and processing 
standards have evolved. In most sections bulk 
limestone samples were processed for δ13C and in 
a few sections organic matter was processed, but 
no attempt was made to determine the sources of 
the organic matter that produced the isotopes as 
is now required (SUAN et al., 2015; BODIN et al., 
2023). Also the fractionation between organic 
matter and carbonate was not considered (HAYES 
et al., 1999). Nevertheless, the four-fold pattern 
of the VCIE identified in the Japanese Koyamada 
Formation (TOMARU et al., 2025) will be tested to 
determine whether it represents a global signal 
that can be identified in older carbon isotope 
curves. Recent research is subdividing the carbon 
isotope curve at basal and upper peaks (CAVALHEI-
RO et al., 2021). 
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Another issue is correlation of the VCIE with the 
Cretaceous time scale and the recently agreed 
upon Valanginian GSSP. In many sections the 
VCIE spans the upper Valanginian (BOTTINI et al., 
2018; CAVALHEIRO et al., 2021), but in the Pont de 
Carajuan section the onset stage is reported in 
the lower Valanginian (HENNIG et al., 1999; MAR-
TINEZ et al., 2015). In this section the onset began 
in the Busnardoites campylotoxus Subzone of the 
lower Valanginian Neocomites neocomiensiformis 
Zone and the highest peak was in the upper 
Valanginian Neocomites peregrinus Zone. 

To address this issue, a biostratigraphic data-
base was constructed from 124 measured out-
crops and cored sections, the Cretaceous 25 
Chronostratigraphic Database (CRET25DB). This 
database includes the Valanginian GSSP Mont-
brun-les-Bains and the Hauterivian La Charce 
GSSP sections. Check-lists of these localities doc-
ument First-Occurrences and Last-Occurrences 
(FO/LO) of events in given sections. These events 
were integrated into a global chronostratigraphic 
database, CRET25DB, that integrates FOs/LOs as 
First-Appearance Datums and Last-Appearance 
Datums (FAD/LAD) in multiple sections. This 
database evolved from previous Cretaceous data-
bases (SCOTT, 2019, 2022). It incorporates radio-
isotopic dates, sequence contacts and polarity 
chrons where available. This Cretaceous data-
basewas used to correlate eight marine strati-
graphic sections with carbon isotope profiles in 
outcrops and cores from the Western Atlantic, 
Vocontian Basin, Arabian shelf, Japan, and Wed-
dell Sea and in two terrestrial sections in North 
America and China (Fig. 1; Table 1) 

The primary goal of this study is to integrate 
global biotic events of Tithonian-Valanginian nan-
nofossils, dinoflagellates and calpionellids with the 
Valanginian Carbon Isotope Excursion and to con-
sider their effects upon the pelagic paleocommu-
nities. To achieve this goal, evidence of the calci-
fication process of three principal fossil groups is 
synthesized. Second, the numerical ages of 
boundaries of the Valanginian Carbon Excursion 
and its subunits are calibrated in the Koyamada 
Formation, Japan. The ages of subunits in the 
Koyamada Formation are projected from three ra-
dioisotope dates of volcanic material in the com-
posited outcrop sections (TOMARU et al., 2025). A 
third goal is to define the boundaries of the VCIE 
precisely and consistently, in order to correlate 
the VCIE and its subunits in other sections. 
Precise definition of this chemozone enables accu-
rate chemostratigraphic correlation of the excur-
sion and reconstruction of paleo-oceanic and pa-
leoclimatic conditions during this paleoenviron-
mental perturbation. The precise correlation of the 
VCIE demonstrates that this excursion is a global 
chemozone with multiple peaks and it has global 
paleoenvironmental implications affecting evolu-
tion of the global marine pelagic ecosystem. 

2. Methods: Construction of CRET25DB 
The Cretaceous Chronostratigraphic Database 

(CRET25DB) is composed of the first and last ap-
pearances of more than 2,800 stratigraphic 
items: species, polarity chrons, dated bentonite 
and ash beds, and other types of marker beds. 
The ranges of these events were integrated by 
graphic correlation of check-lists and range charts 
in 124 measured outcrop sections and cores in 
North, Central and South America, Europe, Africa, 
Asia, and Japan (Fig. 1). Also included are the ac-
cepted or proposed Cretaceous stage Global 
Boundary Stratotype Sections and Points (GSSPs) 
and the species that define their boundaries. The 
CRET25DB grew out of previous databases (SCOTT, 
2019, 2022). 

The method used to perform this stratigraphic 
experiment is Graphic Correlation, which is a 
transparent, reproducible, testable method that 
integrates biostratigraphic First/Last Occurrences 
(FOs/LOs) and other chronostratigraphic events in 
multiple measured sections (CARNEY & PIERCE, 
1995). Graphic correlation is a quantitative but 
non-statistical technique that enables strati-
graphic correlation between two sections by com-
paring the ranges of event records in both sec-
tions. A graph of any pair of sections is an X/Y 
plot of the FOs/LOs of taxa and other types of 
stratigraphic datums found in both the section of 
interest (Y-axis) and the reference section (X-
axis). To propose coeval relationships between 
sections, the interpreters place a correlation line 
of synchroneity (CLS) through the FOs/LOs that 
are at their maximum ranges in both sections. 
This CLS is the most constrained hypothesis of 
synchroneity between two sections and extends 
the ranges of the fewest bioevents onto the CLS. 
The CLS accounts for depositional rate changes, 
hiatuses, differential mechanical and chemical 
compaction, and tectonic processes. Hiatuses at 
stratal discontinuities or faults in the lithostrati-
graphic record divide the CLS into separate seg-
ments. The CLS is defined by the equation for a 
regression line (CARNEY & PIERCE, 1995). The inte-
grated ranges of the initial pair of sections form a 
reference section to which subsequent sections 
are plotted and the ranges in the new sections 
are then extended to comprise a composite set of 
ranges. Biostratigraphic ranges were integrated in 
multiple sections and extended FADs/LADs. 
Graphic correlation was used to integrate shallow-
water carbonate platform fossils with deep marine 
assemblages spanning from Oxfordian to Hau-
terivian interval (ATASOY et al., 2022). 

The CRET25DB biostratigraphic ranges are cal-
ibrated to the mega-annum time scale of GALE et 
al. (2020) by incorporating radioisotopic dates 
into the combined data set. Published radioiso-
tope dates include the three dates from the Koya-
mada Formation. The accuracy of fossil-age 
ranges depends on the number of sections in 
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Figure 1: Hauterivian paleogeographic map (SCOTESE, 2013) showing sites of this study. A. Koyamada Formation, 
Japan (TOMARU et al., 2025); B. DSDP 534A (SHERIDAN, 1983; BERGEN, 1994); C. DSDP 603B (COVINGTOn & WISE, 
1987; HABIB & DRUGG, 1987); D. Vocontian Basin, France: La Charce (GRÉSELLE et al., 2011); Orpierre (CHARBONNIER 
et al., 2013); Pont de Carajuan (ARNAUD & BULOT, 1992); E. Capriolo, Italy (HENNIG et al., 1999); F. Wadi Miadin, 
Oman (CELESTINO et al., 2016); G. ODP 692B (CAVALHEIRO et al., 2021); H. Paraná-Etendeka LIP (TOMARU et al., 
2025); I. Luanping Basin, China (TONG et al., 2024); J. Utahraptor Ridge, Montana (JOECKLE et al., 2023); K. Crimea 
(GRÖCKE et al., 2005); L. Lower Saxony Basin (THÖLE et al., 2020); M. Svalbard (JELBY et al., 2020). 

which the events are recorded, fossil preserva-
tion, correct identification of the species, and 
recognition of reworking or down-section dis-
placement of specimens. Event sequences and 
ages compiled by graphic correlation can be test-
ed and fully evaluated because the sources of the 
data are available to all researchers. This experi-
mental method complements and is tested by the 
prevalent practice of the corporate memory of 
events in many sections. In addition, the order of 
events in different basins and paleogeographic 
provinces can be compared. 

Fourteen localities were selected in which bio-
stratigraphic, lithostratigraphic, magnetostrati-
graphic, and chemostratigraphic data of the VCIE 
are well documented (Fig. 1). These sections span 
from northern to southern latitudes and biogeo-
graphic provinces. They represent diverse marine 
and terrestrial paleoenvironments. Biostrati-
graphic data include range charts of multiple fos-
sil groups in checklist form. The first and last oc-
currences (FO/LO) of each species in each section 
were compiled into data files for each section. 
Added to each section file were positions of un-
conformities, faults, polarity chrons, and geo-
chemical data. The range data of each section 
was plotted on the Y-axis and compared to the 

numerically dated CRET25DB on the X-axis and 
the CLS was interpreted. 

The plot of the west-central Atlantic DSDP 
603B core with the CRET25DB illustrates this 
technique (Fig. 2). Base of the plot is the base of 
the core and the top is a condensed interval be-
tween -1215 and -1205.5 mbsf. The interpreted 
CLS is controlled by the base of the Onset interval 
in VCIE, which is close to the FO of Kiokansium 
polypes and the LO of Spiniferites dentatus (Fig. 
2). The CLS falls slightly left of the highest posi-
tion of VCIE and does not extend it. 

3. Late Jurassic-Early Cretaceous  
phytoplankton ecosystem evolution 
During the twenty-five Myr interval from the 

Oxfordian Stage to early Valanginian, the pelagic 
ecozone became progressively populated by di-
verse and abundant calcareous coccolithophore 
and dinoflagellate phytoplankton (PRICE et al., 
2016), here called the Late Jurassic-Early Creta-
ceous Phytoplankton Ecosystem Evolution. This 
was the beginning of the Mesozoic Marine Revo-
lution (MMR) (VERMEIJ, 1977; HULL, 2017), which 
gave rise to the Late Cretaceous, Cenozoic and 
Holocene ocean ecosystems. The dinoflagellates
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⊳ Figure 2: Correlation of 
lower part of DSDP-603B 
core with the CRET25 Data-
base. Base of the plot is core 
base and plot top is a con-
densed interval, core subunit 
IVD; data from COVINGTON 
and WISE (1987) and HABIB 
and DRUGG (1987). The CLS 
is constrained by the FOs 
(rectangles) and LOs (cross-
es) of zone species (red). The 
VCIE curve is projected into 
the CLS showing the posi-
tions of the base and top of 
the chemozone. 

first began diversifying in Middle Jurassic (WIGGAN 
et al., 2018). The Oxfordian-Valanginian phyto-
plankton radiation responded to increased nutri-
ents, which during the later part of the Creta-
ceous provided primary production that prompted 
radiation in many other marine groups (KNOLL & 
FOLLOWS, 2016). The Late Jurassic to Early Creta-
ceous ecosystem radiation phase also affected 
crabs, echinoids and heteromorph ammonoids 
(FRAAIJE et al., 2018). During the Oxfordian-early 
Valanginian ocean parameters were relatively sta-
bile and changed unidirectionally. Sea level rose 
from Oxfordian to Kimmeridgian, fell during the 
Tithonian, rose in the Berriasian, and fell in the 
early part of the Valanginian and then rose during 
the VCIE (Fig. 3) (RAY et al., 2019; FALKOWSKI et 
al., 2004; SCOTESE et al., 2024). The magnitude of 
short-term sea-level changes were low amplitude 
in the Berriasian even as Gondwana began to dis-
engage and increased up to three times in the 
Valanginian (Fig. 3) (RAY et al., 2019). Belemnite 
oxygen isotopes show that global ocean tempera-
ture changes were moderate until late Berriasian 
(PRICE et al., 2016). The secular trend towards 
lower δ13C values was interrupted abruptly in the 
late Valanginian at 135 Ma when burial of light 
carbon isotope increased that resulted in the posi-
tive VCIE. During this period of open-ocean cli-
mate stability, calcareous coccolith and dinoflag-
ellate phytoplankton diversified and contributed 
significant amount of CaCO3 to sea-floor sedi-
ment. Calpionellid plankton formed calcite tests in 
the Tithonian Stage and were abundant until their 
virtual extinction near the Valanginian-Hau-
terivian boundary (Fig. 3). The increased diversifi-
cation and abundance of these three pelagic 
groups formed the Late Jurassic-Early Cretaceous 

Phytoplankton Ecosystem. Calcareous planktonic 
foraminifera appeared in Early Jurassic but did 
not diversify until the Aptian Stage (HART et al., 
2002; GRADSTEIN et al., 2017). Because they are 
uncommon in open ocean Jurassic paleocommuni-
ties, they are not considered here. 

Tithonian-Berriasian calcification event 

Calcareous pelagic and benthic marine biota 
became the characteristic ecosystem members 
beginning in Tithonian to early Valanginian. The 
latest Jurassic-earliest Cretaceous Calcification 
Event (CAVALHEIRO et al., 2021) recognizes the in-
crease of calcareous nannofossils, calpionellids, 
and calcareous and organic-walled dinoflagellate 
cysts. Planktonic microbiota precipitated calcar-
eous tests around their protoplasm that was de-
posited as calcareous ooze. 

The oldest known calcareous nannofossils are 
Late Triassic (BOWN et al., 1998). Throughout the 
Jurassic and Early Cretaceous nannofossils diver-
sified continuously with peaks around the 
Toarcian and Valanginian OAEs (BOWN et al., 
2004: Fig. 2). Speciation and extinction rates 
were highest in Early Jurassic up to the Toarcian 
Stage, when seawater temperature increased by 
at least 10°C up to 25-30°C before cooling back 
to about 10°C (KORTE et al., 2015). Spanning the 
Tithonian and Berriasian stages the nannofossil 
assemblages experienced significant turnover 
with extinctions and originations of three impor-
tant groups: nannoconids, braarudosphaerids and 
microrhabdulids (Fig. 4) (BOWN et al., 2004). Nan-
noconids dominated Berriasian-Valanginian pelagic 
sediments replacing radiolarians. Although, during 
the VCIE event, nannofossil diversity increased, 
the calcite accumulation was low (Fig. 4). 
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⊳ Figure 3: Late Jurassic-Early 
Cretaceous Phytoplankton Diversi-
fication Evolution. Relative sea-
level and diversity curves of cal-
careous nannoplankton and dino-
flagellates from FALKOWSKI et al. 
(2004); oxygen isotope and car-
bon isotope curves from PRICE et 
al. (2016). 

 

Figure 4: Number of nannofossil, dinoflagellate and calpionellid species in the CRET25 Database. The range of the 
VCIE event is represented by diversity data in the Polaveno core. Warm and cool intervals marked by pink and blue 
bars. Number of species extinctions indicated by LAD curve and number of new species by FAD. Total number of cal-
pionellid species (blue), number of new species (green) and number of extinct species (red) in ammonite zones 
based on range data in CRET25 Database. 

Calcareous dinoflagellates, such as Colomio-
sphaera and Cadosina, diversified in early Titho-
nian in the southern oceans and became extinct 
by the end of the Berriasian (IVANOVA & KIETZMANN, 
2017). In shallow-water shelves rudist bivalves 
first formed thick-walled aragonite shells in 
Oxfordian biostromes and diversified into the 
Tithonian (STEUBER et al., 2016). Sea level rose 
across the globe (COTILLON, 1992; HAQ, 2014) and 
deeper water shelf-to-basin habitats expanded. 
Earlier Jurassic carbonate habitats were drowned 

and fine-grained siliciclastic deposits expanded 
(COTILLON, 1992). 

During this Calcification Event (CAVALHEIRO et 
al., 2021) Chitinodellids and their descendent 
Calpionellids evolved complex wall structure in re-
sponse to sea-water chemistry changes. Tithonian 
Chitinodellid diversification preceded the Calpi-
onellid appearance in latest Tithonian (BENZAG-
GAGH, 2021), which expanded in the Berriasian 
and early Valanginian, after which calpionellids 
became nearly extinct (Fig. 5). 
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Calpionellidae is a diverse set of small, marine, 
pelagic ciliate microorganisms with calcitic, cylin-
drical to globular tests or loricas. Beginning in the 
Tithonian, calpionellids diversified rapidly and by 
early Berriasian the major groups were present 
(Fig. 4). Many taxa are characterized by distinc-
tive collars around the lorica apertures (REHÁKOVÁ 
& MICHALÍK, 1997). Complex wall structure differ-
entiated Calpionellids taxonomically. The ancestor 
calpionellid group, the Tithonian Chitinodellids, 
secreted dark microgranular calcite loricas (REHÁ-
KOVÁ & MICHALÍK, 1997). 

The earliest Tithonian Chitinodellids precipitat-
ed densely-packed, nanometric microcrystalline 
calcite needles to form the lorica wall (BENZAG-
GAGH, 2021; ÖLVECZKÁ et al., 2024). Their descen-
dants, the Semichitinoidella, followed in late 
Tithonian and formed a two-layered wall, the in-
ner layer of which was microcrystalline calcite like 
that of Chitinodella. The outer layer was com-
posed of prismatic microcrystalline, hyaline calcite 
crystals. The late Tithonian Praetintinnopsella 
formed a different two-layer wall, an inner hyaline 
layer of densely-packed equant calcite microcrys-
tals and an outer dark organic non-calcitic layer. 
The earliest calpionellids, Crassicolaria, Calpionella 
and Tintinnopsella, formed hyaline tests (ÖLVECZKÁ 
et al., 2024) (Fig. 5). The different ways in which 
to precipitate calcite wall structures suggests that 
significant changes occurred in mid-latitude ocean 
chemistry, possibly increased concentrations of 
Ca2+ and CO2 as well as ocean warming. 

Valanginian biotic crisis 

The Valanginian Biotic Crisis beginning about 
136-135 Ma affected most major marine pelagic 
groups (Figs. 4-5) (ERBA & TREMOLADA, 2004). This 
crisis began about one million years before the 
VICE and continued into it (Fig. 4). Calcareous 
nannofossils and nannoconids decreased in size, 
diversity and abundance (ERBA & TREMOLADA, 
2004; CASELLATO et al., 2008; MÖLLER et al., 2015, 
2020; BOTTINI et al., 2018; CASELLATO & ERBA, 
2021). This significant reduction in nannofossil 
calcification was related to decreased pCO2 and 
increased fertility (ERBA & TREMOLADA, 2004). The 
calcification crisis began as sea-surface tempera-
tures warmed (Fig. 6) (CAVALHEIRO et al., 2021). 
The biotic change and positive carbon isotope 
shift are in dominantly terrigenous-rich intervals 
indicating increased terrigenous deposition in re-
sponse to increased humidity and erosion (BOTTINI 
et al., 2018). 

Pelagic Calpionellid diversity declined signifi-
cantly amplifying this crisis event (Figs. 4, 6). The 
organic-walled dinoflagellates, however, appeared 
to be barely affected by the Valanginian calpionel-
lid-nannofossil crisis (MACRAE et al., 1996; RIDING 
et al., 2023). The Kimmeridgian dinoflagellate di-
versity peak was followed by a slight decline in 
the Berriasian (Fig. 4). However, a detailed analy-
sis of 136 dinoflagellate taxa in CRET25DB having 
FADs between 150 Ma and 110 Ma, revealed that 
species diversification decreased significantly. 

Between 150 Ma and 135 Ma, 27.2% of species 
were new, but during the VCIE between 135 Ma 
and 131 Ma only 8.8% of species first appeared. 
Diversification resumed during the next 10 Myr 
with 21.3% new species. Planktonic foraminifera 
were minor members of the Late Jurassic-Early 
Cretaceous pelagic ecosystem, until the Barre-
mian when their abundance and diversity slowly 
increased (AGUADO et al., 2014). 

By the late Valanginian in the Neocomites 
peregrinus Zone during the beginning of the 
VCIE, many Calpionellid species became extinct 
(Fig. 6) (REHÁKOVÁ & MICHALÍK, 1997), and at the 
Valanginian-Hauterivian transition they were vir-
tually extinct (REMANE, 1985; ANDREINI et al., 
2007; LIPPS et al., 2013; GRANIER et al., 2024). 
They diversified again in the late Aptian and early 
Albian. By Barremian time the new Praecolo-
miellids appeared with microgranular hyaline lori-
cas. They were ancestors of the latest Aptian-ear-
ly Albian Colomiellids with hyaline tests. They 
went extinct at the end of the early Albian after 
surviving the latest Aptian-early Albian OAE 1b 
chemozone.  

Benthic ecosystems were also affected by the 
dramatic latest Jurassic-earliest Cretaceous Calci-
fication Crisis and paleoclimate-paleoceanographic 
changes. The Oxfordian primitive rudist bivalves 
constructed low diversity biostromes on shallow-
water shelves. They formed thick-walled arago-
nitic shells and diversified into the Kimmeridgian 
and Tithonian when some species secreted two-
layered shells of both aragonite and calcite 
(STEUBER et al., 2016: Fig. 7; 2023). Rudists ex-
perienced significant extinction at end of early 
Valanginian as the positive carbon excursion be-
gan. During the Hauterivian recovery, new 
species groups developed the ability to produce 
calcite-dominated shells. Rudists with aragonite-
dominant shells diversified into the early Aptian 
when a second extinction occurred at the begin-
ning of OAE 1a (STEUBER et al., 2016: Fig. 6). 
These late Valanginian pelagic and benthic biota 
were associated with increased terrestrial erosion, 
clay influx, ocean fertilization and global cooling 
during the main parts of the VCIE (BORNEMANN & 
MUTTERLOSE, 2008; PERCIVAL et al., 2023). 

Berriasian-Hauterivian, deep-shelf brachiopod 
paleocommunities in central Tethys, now exposed 
in the Bakony Mountains, Hungary, experienced 
step-wise extinction (VÖRÖS et al., 2020). During 
the transition from early to late Berriasian the 
first species replacement happened. The second 
step was at end of Berriasian into the Valan-
ginian. Then, during the beginning of the Valan-
ginian Carbon Isotope Excursion, eight species 
went extinct; of the two survivors, one was 
dwarfed. During latest Valanginian and into the 
Hauterivian, the recovery paleocommunity was 
populated by species apparently adapted to cooler 
waters. The recovery period was associated with 
rising sea level and increased weathering, which 
increased siliciclastic sediments (VÖRÖS et al., 
2020). 
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⊳ Figure 6: Poloveno outcrop section, Italy, pe-
lagic carbonate stratigraphy, polarity chrons, and 
carbon isotope curve plotted with total nannofossil 
carbonate paleoflux demonstrating nannoconid de-
cline (CHANNEL et al., 1995; ERBA & TREMOLADA, 
2004) correlated with warm-cool temperature 
changes (rose & blue bars) (CAVALHEIRO et al., 
2021). 

4. Subdivision and correlation of the 
Valanginian carbon isotope excursion 

Numerical ages of VCIE subunits. TOMARU et 
al. (2025) divided the Valanginian Carbon 
Isotope Excursion (VCIE) into six elements in a 
300 m-thick, organic-rich, siliciclastic interval 
along the east coast of Japan (Fig. 7). A com-
posite stratigraphic section of the Koyamada 
Formation was composed of four measured, 
overlapping outcrops along a fault zone. Sample 
spacing in the excursion interval was about 0.5 
m. Details of the δ13C curve measured on or-
ganic matter are clearly delineated because the 
lithostratigraphic siliciclastic interval is much 
thicker than in thinner basinal sections (Fig. 7). 
In addition, three volcanic tuff beds yielded U-
Pb zircon dates that bracket base to top of the 
excursion (TOMARU et al., 2025: Fig. 8). The 
Koyamada Formation was sourced mainly by 
continental sediments deposited in an oxy-
genated marine environment with occasional 
brief dysoxic events based on analyses of total 
organic carbon (TOC), degree of pyritization 
(DOP) and total sulfur (TS) (TOMARU et al., 
2025). Yet to be determined are the admixture 
types of continental organic matter, as for ex-
ample, in OAE 1b (SUAN et al., 2015; BODIN et 
al., 2023). 

In order to interpolate numerical ages of the 
four subdivisions of the VCIE in the Koyamada 
Formation, Onset, P1, P2, and P3 subunits, the 

metric positions of these subunits were plotted to 
mega-annums of the three radioisotope dates mea-
sured in this outcrop (Fig. 7). This procedure creat-
ed an approximate time scale and duration of the 
subunits. Also, if in other sections the isotope curve 
features vary, the placement of subunit boundaries 
may differ from those in the Japanese composite 
section. These numerical ages are compared with 
ages of ammonites, nannofossils, dinoflagellates, 
and polarity chrons in the global CRET25DB. This 
experiment dates the VCIE in the Koyamada Forma-
tion from 135.40 to 132.57 Ma, which is older than 
a start date of 134.56 ± 0.19 Ma calibrated by 
astrochonologic framework (MARTINEZ et al., 2023). 

Characteristics of the VCIE. The four subdivisions 
of the Valanginian carbon isotope curve can be de-
fined consistently at either strong positive or nega-
tive peaks (TOMARU et al., 2025) (Fig. 7). The basal 
subunit of the VCIE, noted as "CIE" by Tomaru and 
here called "Onset", is placed at the base of a nar-
row, distinct positive peak of about 1‰ at 80 m in 
the Koyamada Formation, which is at the base of 
the rise in isotope values to the first tall peak at 
100 m, which is about 1.5‰ above the background 
value (Fig. 7) called "P1" (TOMARU et al., 2025). 
Below this Onset interval is a span between two 
shallow negative peaks, which TOMARU et al. (2025) 
called the "Precursor". This preceding interval is 
highly variable and indistinct in other sections, so 
here the base of the VCIE is placed at the base of 
the Onset interval. 
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⊳ Figure 7: Projection of three 
radioisotope dates of ash beds 
(red) in the Koyamada Forma-
tion (TOMARU et al., 2024) and 
calibration of ages of Valan-
ginian CIE (gray bar) chemo-
zone subunits. Yellow symbol - 
four Berriasian ammonite gen-
era; green symbol - four Valan-
ginian radiolarian taxa. Right-
hand bar depicts warm (rose) 
and cool (blue) climates. 

The P1 interval is thick and bounded at top at 
195 m by a sharp negative shift about 1.0‰ or 
more (Fig. 7). The P2 interval is a narrow positive 
peak bounded at 230 m by a distinct, sharp nega-
tive offset. The P3 interval is broad spanning two 
positive peaks and it is bounded by a distinct neg-
ative shift at 275 m overlain by a long gentle 
slope to the background carbon isotope levels 
(Fig. 7). This negative peak is taken as the top of 
the VCIE. The "Recovery" part of the curve de-
clines about 1‰ up to an unconformity. Because 
its character is indistinct in other stratigraphic 
sections, it is not included in the definition of 
VCIE. P3 is narrow in some sections. 

The amplitudes of these shifts appear to be 
significantly above background of δ13C fractiona-
tion, which at 133 Ma carbonate fractionation was 
about 1.5‰ and for TOC it was about -27‰, 
both of which were less than the range of the 
VCIE. During the Cretaceous the carbon isotopic 
fractionation of carbonates varied from 1‰ to 
3‰ and for TOC it varied from -29‰ to -25‰; 
and the carbon isotope fractionation between car-
bonate and TOC varied from -31 to -27 (HAYES et 
al., 1999: Fig. 3). 

Prior to defining subunits of the VCIE in the 
thick Koyamada Formation, the excursion in the 
ODP692 section was divided into three subunits 
(CAVALHEIRO et al., 2021: Fig. 2). In the ODP692 
core the VCIE is a 7-8 m-thick, marine shale com-
pared to the much thicker terrigenous Japanese 

section, in which divisions of the carbon isotope 
curve are expanded. Interval A in ODP692 is simi-
lar to the Onset interval in Japan, unit B is equiv-
alent to subunits P1 and P2, and Interval C ap-
proximates unit P3 in Japan. The positions of VCIE 
subunits of the eight stratigraphic sections in this 
study vary but their ages are similar (Table 1). 

Similarly, the Cenomanian-Turonian carbon 
isotope curve, OAE 2, is subdivided into subunits 
(LOWREY et al., 2014; BEIL et al., 2020), although 
the pattern differs from that of VCIE. The "ramp-
up" interval is a gradual increase of about 1.5‰ 
of bulk carbonate isotope and 3-4‰ of organic 
carbon isotope. The first positive peak is the ini-
tial enrichment ("A"), followed by a negative shift 
("B"), which is followed by a sustained plateau 
("C") (PRATT & THRELKELD, 1984). The upper bound-
ary is the beginning of the return to the initial val-
ue. This configuration is documented in the North 
American Western Interior, western Europe and 
elsewhere (LOWERY et al., 2014). 

The upper Pliensbachian carbon isotope excur-
sion in eastern Oregon, western United States, is 
divided into four negative-positive segments 
about 1‰ in organic carbon (DE LENA et al., 
2019). The initial negative excursion began dur-
ing a warm period, and the succeeding positive-
negative peaks were during a cool period. 
Radioisotope dates show that this excursion pre-
ceded the Karoo-Ferrar LIP and was not driven by 
that volcanic event. 
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Table 1. Stratigraphic sections with data of Valanginian CIE and data of four subunits in each section. 

A. Data of Valanginian Carbon Isotope Excursion Chemozone 

  

 

Sections 

  

 δ13C Sample 

  

 Sample Spacing 

  

 Position Meters 

  

 Thickness 

  

 Ages Ma 

  

 

  
  

   
  

 meters 

  

 Base 

  

 Top 

  

   
  

 Base 

  

 Top 

  

 Duration 

  

 

DSDP 534A, W. Atlantic Carbonate ~3 -1220 -1137 83 m 135.04 132.55 2.49 Myr 

La Charce, France Carbonate ~2 125 188 63 m 134.77 132.61 2.16 Myr 

Orpierre, France Carbonate ~1 97 232 135 m 135.14 132.80 2.34 Myr 

Capriolo, Italy Carbonate ~1.2 -129 -70 59 m 134.55 132.51 2.04 Myr 

Wadi Miadin, Oman Carbonate 0.3-1.0 55 73 18 m 135.03 132.85 2.18 Myr 

ODP 692B, Weddell Sea Organics 0.2 -91.5 -82 9.5 m 135.56 132.56 3 Myr 

DSDP 603B, W. Atlantic Carbonate 1.3 -1533 -1453 80 m 135.50 132.86 2.64 Myr 

Japan Outcrop Organics 0.5-2.0 80 270 190 m ~135.40 132.50 2.9 Myr 

Average   0.4-1.5     79.69 m 135.08 132.66 2.47 Myr 

 
B. VCIE Subunit Data 

  

 

Sections 

  

 Onset Thickness 

  

 P1 Thickness m-Ma 

  

 P2 Thickness m--Ma 

  

 P3 Thickness m-Ma 

  

 

DSDP 534A, W. Atlantic 0.84 m -1192 134.20 -1180 133.80 -1153 133.03 

La Charce, France 0.8 m 150 133.91 170 133.22 179 132.90 

Orpierre, France 0.3 m 129 134.55 148 134.25 161 134.05 

Capriolo, Italy 0.89 m -100 134.46 -90 133.84 -86 133.58 

Wadi Miadin, Oman 0.4 m 59 134.60 65 134 67 133.70 

ODP 692B, Weddell Sea 0.6 m 89.6 134.92 no data   85.6 133.69 

DSDP 603B, W. Atlantic 0.93 m -1505 134.55 -1500 134.43 -1495 134.08 

Japan Outcrop 0.1 m 100 135.30 195 133.6 230 133.30 

Average 0.61 m   134.56   133.87   133.54 

 

Correlation of the VCIE subunits 

The distinct pattern of the VCIE is documented 
in eight marine and non-marine sections, four of 
which illustrate the variation of the isotope curve 
(Fig. 8). The details of each curve are a function 
of sample spacing, which varied in each section. 

The distinctive Valanginian δ13C excursion and 
its four subunits defined in the Koyamada Forma-
tion, Japan, are identified and correlated among 
four sections (Fig. 8). The δ13C excursion in-
creased abruptly and smoothly at most sites, re-
mained a high plateau with several perturbations 
for about 2.7 Myr, then decreased slowly. The 
thicknesses and durations of the basal Onset in-
terval vary greatly from section to section (Table 
1). Its age differs by 1 Myr where it is oldest in 
the Weddell Sea DSDP 692 core and youngest in 
Capriolo, Italy. The Onset interval is thickest on 
the western Atlantic slope off North America and 
thinnest in Japan section. The diachroneity of the 
four subunits may in part be a function of sample 
spacing, inconsistency in identifying unit bound-
aries and of imprecision in interpolating numerical 
ages, and not necessarily a clue to the differential 
oceanic and atmospheric distribution and migra-
tion of δ13C. Beginning at the first high peak P1, 
the carbon isotope values remained steady at 
about 3‰ above the preceding background level. 
Multiple negative shifts of about 2‰ separate P1 
through P3 subunits (Figs. 8-9). The interval be-
tween the base of P1 to the end of P3 lasted on 
average 1.02 Myr. Following the end of P3, the 
δ13C values decreased gradually to about 1‰ 
above the prior background level. 

A second cross section correlates an oceanic 
slope section in the western Atlantic with a shal-
low epicontinental basin in France and a carbon-
ate slope in Oman with a lacustrine section in 
China (Fig. 9). The durations of the Onset and P1 
intervals are variable, but subunits P2 and P3 are 
more consistent (Fig. 9; Table 1). 

In the Luanping Basin, northeastern China, a 
positive ~3‰ δ13Corg excursion is developed in 
the lacustrine facies (TONG et al., 2024). The 
Dabeigou Formation is composed of non-marine 
fan-delta sandstone and lacustrine mudstone and 
sandstone. Fresh black mudstone was sampled at 
intervals of about 0.5 m spanning the carbon 
shift. The VCIE curve spans 70 m and consists of 
three strong positive peaks, here identified as P1 
at 124 m, P2 at 140 m and P3 at 158 m directly 
overlying the youngest dated tuff bed (Fig. 9). 
The base of the Onset interval is at a negative 
shift at 108 m. Its age is constrained by four U-Pb 
zircon radioisotope ages in tuffs. Dates underlying 
the excursion in the underlying Zhangjiakou For-
mation are 134.5±0.4 Ma and 134.1±1.0 Ma. A 
tuff bed in the excursion in Member 3 lacustrine 
facies is dated at 131.5±0.4 Ma and 130.5±0.4 
Ma. These radioisotope dates are about 1 Myr 
younger than ages of the chemozone in the 
Japanese section; this difference needs further re-
search. Three TOC peaks of about 1% underlie 
and overlie the CIE. Within the CIE are minor TOC 
increases of about 0.25-0.3%. The low TOC and 
organic geochemistry support the conclusion that 
lake waters were mainly oxic to suboxic and relat-
ed to declining photosynthetic fractionation and 
reduced atmospheric pCO2 (TONG et al., 2024). 
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Figure 8: Chemozone correlation of four VCIE subunits (gray zone) defined in Japan with isotope curves in sections 
in north central Tethys, west central Atlantic and offshore Antarctic showing variations of the curve and boundary po-
sitions. Numerical ages of subunit boundaries were derived by ploting biostratigraphic data of the four sections to the 
CRET25 database. 

 
Figure 9: Correlation of the four VCIE subunits (gray zone) in France, western Atlantic, Oman, and China showing 
variations of the curve and boundary positions. Numerical ages were interpolated by projecting the subunit bound-
aries into the CRET25DB. In the Luanping Basin section, the asterix indicates position of tuff bed with two radioiso-
tope dates (TONG et al., 2024). 



 

 

 
 

Carnets Geol. 26 (16) 

 

366 

A well documented terrestrial example of the 
VCIE is in the Western Interior of North America 
at Utahraptor Ridge, Utah (JOECKLE et al., 2023). 
The Yellow Cat Member of the Lower Cretaceous 
Cedar Mountain Formation is a classic dinosaur lo-
cality replete with interbedded pedogenic layers. 
A 10 m-thick interval in the Yellow Cat Member 
was sampled at 0.27 m intervals and yielded a 
detailed δ13Corg‰ curve with three prominent 
peaks and ending at a 1.7‰ positive limb sug-
gestive of another peak; this limb is overlain by a 
covered interval (JOECKLE et al., 2023: Fig. 5). The 
Yellow Cat Member is correlated with Berriasian to 
Hauterivian stages by palynologic, ostracod and 
charophyte data. The Early Cretaceous spore, 
Foraminisporis wonthaggiensis, was also reported 
in Spitsbergen (JELBY et al., 2020). Volcanogenic 
zircons from a paleosol in the middle of the car-
bon curve were dated at 135.1±0.3 Ma (JOECKLE 
et al., 2023). This part of the Yellow Cat curve 
would correlate with subunit P2 in Japan, which is 
dated at 133.6 Ma. 

In the Lower Saxony Basin, northern Germa-
ny, the Valanginian CIE is recorded in a Lower 
Cretaceous regressive-transgressive cored se-
quence (THÖLE et al., 2020). Coincident with the 
beginning of the carbon isotope excursion sea-
level regression is indicated by high Si/Al ratios 
and sandstone strata. Thus, the VCIE began dur-
ing high terrigenous sediment supply in this basin 
and continued as terrigenous sediment supply de-
clined. The positive δ13Corg excursion is correlated 
with the Valanginian by Boreal nannofossil zones 
and began in the transition from uppermost lower 
to upper Valanginian. The positive carbon excur-
sion is about 3‰ and has multiple small shifts of 
about 1‰. Weight-percent organic matter ranges 
no more than 1% suggesting aerobic to dysaero-
bic conditions. The configuration of the curve de-
fines five smaller offsets that compare well with 
the three major peaks in Japan. 

In Spitsbergen the "WEISSERT Event" is identi-
fied in dark gray shale and siltstone of the 
Rurikfjellet Formation at a 3.5‰ positive shift in 
δ13Corg (JELBY et al., 2020). The excursion begins 
at a maximum flooding, condensed interval over-
lying the Volgian/Berriasian Agardhfjellet Forma-
tion, which is dated by Ryazanian ammonites. 
Lower Valanginian dinoflagellates date the lower 
50 m of the excursion (ŚLIWIŃSKA et al., 2020), 
and its upper part is dated by the upper Valan-
ginian-Hauterivian belemnite, Arctoteuthis blueth-
geni Doyle (ALSEN et al., 2020), which is overlain 
by Hauterivian dinoflagellates. The dinoflagellate 
assemblage is widespread in the Volga Basin and 
Western Europe and integrated with ammonites 
(HARDING et al., 2011). The carbon isotope curve, 
however, differs from other VCIE curves in that 
above the 3‰ positive shift, the curve remains a 
plateau through the Hauterivian with few small 
broad wobbles less than 1‰ but no significant 
positive or negative peaks. 

5. Chronostratigraphy 

Correlation with Lower Cretaceous am-
monite zones 

The La Charce outcrop, Vocontian Basin, France, 
integrates ammonites with the VCIE (Fig. 9). The 
lower-upper Valanginian boundary in this outcrop 
is placed between the single occurrence of the 
lower Valanginian Neocomites platycostatus Sub-
zone at 1 m and the first occurrence of the upper 
Valanginian Neocomites peregrinus Zone at 24 m, 
which is directly below the base of the VCIE. In 
the CRET25DB the FAD of N. peregrinus is pro-
jected at 134.96 Ma. Previously, the base of the 
carbon excursion was correlated with the lower 
Valanginian Karakaschiceras inostranzewi Zone to 
the Saynoceras verrucosum Zone (HENNIG et al., 
1999: MARTINEZ et al., 2023). 

The VCIE was correlated with lower to upper 
Valanginian in the Pont de Carajuan, France, sec-
tion (Fig. 10) (HENNIG et al., 1999; WEISSERT et 
al., 2008), although the biostratigraphic data are 
inconclusive. This basin-margin section is divided 
into seven Valanginian and five Hauterivian se-
quences. The upper stage boundary is a signifi-
cant disconformity that truncates uppermost 
Valanginian ammonite zones and the upper part 
of the VCIE; and basal Hauterivian zones are con-
densed (ARNAUD & BULOT, 1992). The lower-upper 
Valanginian boundary is indeterminate because 
ammonite samples are widely spaced and some 
species are long ranging (Fig. 11). The lower 
Valanginian Busnardoites campylotoxus Zone is 
overlain by the upper Valanginian Saynoceras 
verrucosum Zone by a 35 m-thick interval (AR-
NAUD & BULOT, 1992); intervening samples yielded 
two long-ranging species, Olcostephanus gueb-
hardi and Neocomites teschenensis (COMPANY & 
TAVERA, 2015). Furthermore, the lower forty me-
ters of the carbon isotope curve in the Pont de 
Carajuan section is a long rising line with no ex-
cursions except for a 0.3‰ negative blip in the 
lowermost 3 m (Fig. 11). The first positive excur-
sion of 1.5‰ at 40 m equates with 84 m in the 
upper Valanginian part of the measured section 
and here is identified as P1; the base of the Onset 
phase is indistinguishable. The uppermost curve 
interval from 55 to 65 m at the unconformity is a 
single peak, which may be the lower of two P3 
peaks in the Japan section (Fig. 11). The upper 
part of the carbon isotope curve apparently is cut 
out by the unconformity, which is directly overlain 
by the lower Hauterivian Acanthodiscus radiatus 
Zone. Thus, the carbon isotope curve in the Pont 
de Carajuan section correlates with only part of 
the Koyamada curve and the positive excursions 
are above the base of the Saynoceras sayni Zone 
marker in the lower Hauterivian. 
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⊳ Figure 10: Graphic plot 
of the Pont de Carajuan sec-
tion to the CRET25DB. Se-
quence boundaries and fossil 
samples are from ARNAUD and 
BULOT (1992). Red rectangle 
makes position of key Valan-
ginian taxon; green symbols 
mark base and top of carbon 
isotope excursion. 

 

Figure 11: Correlation of the carbon curve at the Pont 
de Carajuan section (HENNIG et al., 1999) with the curve 
in the Koyamada Formation, Japan (gray zone) (TOMARU 
et al., 2025). The measured lithologic section is 152 m 
thick (ARNAUD & BULOT, 1992) and the carbon curve is 74 m 
thick, in which 0 m equals 47 m in the lithologic section. 

Eight of the 124 stratigraphic sections in the 
CRET25DB are plotted to the CRET25DB in order 
to project the age of the boundaries of the Valan-
ginian carbon isotope excursion (Table 1). The 
projected ages vary slightly because in several 
X/Y plots, more than one correlation line of inter-
pretation is possible as constrained by the FADs/ 
LADs of ammonites, calcareous nannofossils, cal-
pionellids, and dinoflagellates. The age of VCIE 
ranges from 135.79 Ma to 132.25 Ma averaging 
2.47 Myr in duration and lasting up to 2.90 Myr in 
Japan (Fig. 7; Table 1). The average age of the 
base is 135.08 Ma and the top is 132.66 Ma. The 
thicknesses of the excursion range from 190 m to 
9.5 m and average 79.69 m. The average age of 
base P1 is 134.56 Ma, of P2 is 133.88 Ma and of 
P3 is 133.54 Ma. The lacustrine section in the 
Luanping Basin, China, was not included in this 
list of sections, because the date of the "P3" sub-
unit is 2 to 3 Myr younger at 131.5±0.4 to 
130.5±0.4 Ma, which correlates it with the Hau-
terivian Stage. 

Integration with Cretaceous Time Scale 

The Valanginian Stage spans from the FO of 
Calpionellites darderi (FAD 137.71 Ma) to the 
base of Acanthodiscus radiatus (FAD 132.60 Ma) 
at base of the Hauterivian Stage (GALE et al., 
2020; SZIVES et al., 2024) (Fig. 12). In the Tethys 
Realm the base of the Valanginian is also defined 
by the "Thurmanniceras" pertransiens Zone, FAD 
137.71 Ma, and the Neocomites premolicus Sub-
zone (SZIVES et al., 2024). The CRET25DB 
projects the FADs of both species at 137.71 Ma. 
The duration of the Valanginian as calculated by 
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Figure 12: Correlation of Upper Valanginian Carbon 
Isotope Excursion with ammonite and calcareous nanno-
fossil FADs and polarity chrons in CRET25 Chronostrati-
graphic Database. Bold names are standard ammonite 
zones (SZIVES et al., 2024). Red symbols in left-hand 
column are dates from Japan; right-hand color bar 
marks warm (rose) and cool (blue) climates. 

astrochronological methods ranges from 4.7 to 
7.7 Myr (CHARBONNIER et al., 2013; MARTINEZ et al., 
2023). In the CRET25DB the duration of the 
Valanginian Stage is 5.11 Myr from the FAD of C. 
darderi at 137.71 Ma to the FAD of A. radiatus at 
132.60 Ma. 

The VCIE chemozone spans from the upper 
Valanginian Saynoceras verrucosum Zone to the 
basal Hauterivian Acanthodiscus radiatus Zone 
(Fig. 12). The VCIE spans the FADs of two nanno-
fossil bioevents, Calcicalathina oblongata at the 
base and Eiffellithus windi near the top. It spans 
Polarity Chrons M12 to M10. In the Japanese sec-
tion the age of VCIE is dated from 135.40 Ma to 
132.50 Ma, and thus, overlaps the beginning of 
the Hauterivian Stage at 132.60 Ma. At the La 
Charce section the base of the VCIE is in the lower 
part of the upper Valanginian in the Neocomites 
peregrinus Zone and 1 m above the FO of the 
zone species. Two astrochronological studies dat-
ed the Valanginian CIE beginning at 135.22±1.0 
Ma with a duration of 5.85 Myr (MARTINEZ et al., 

2015); a later study revised it to 134.56±0.19 Ma 
(MARTINEZ et al., 2023). TOMARU et al. (2025) dated 
the beginning between 136.2±0.3 and 134.6±0.9 
Ma by radioisotope dates in volcanic material. 

6. Early Cretaceous atmospheric and 
oceanic climate and tectonism 

During latest Jurassic into earliest Cretaceous, 
from the Oxfordian Age into the early Valan-
ginian, about twenty-five Myr, the δ13Ccarb of bulk 
sediment became progressively lighter by about 
2‰ (Fig. 10) (PRICE et al., 2016). Among several 
processes, burial of more negative carbon pro-
duced by photosynthesis in an oligotrophic, 
epipelagic/photic zone was likely (FALKOWSKI et al., 
2004). During this same time interval, the 
87Sr/86Sr ratio increased uniformly from about 
0.706900 to about 0.707500 (PRICE et al., 2016), 
which suggests progressively increasing weather-
ing. During Late Jurassic and Early Cretaceous 
calcite precipitation was favored over aragonite 
because the Mg/Ca ratio fell below 2 (MÜLLER et 
al., 2013). This was during the beginning of conti-
nental separation and opening of the northern 
Atlantic Ocean (SCOTESE et al., 2024). 

Temperature 

Oceanic temperature histories during the 
Valanginian δ13C excursion have been carefully 
evaluated by multiple methods. Sea-surface tem-
peratures (SST) were measured by foraminiferal 
successions, oxygen isotopes and Tex86 measure-
ments on marine archaeal membrane lipids in or-
ganic matter (GRÖCKE et al., 2005; MÖLLER et al., 
2015, 2020; O'BRIEN et al., 2017; CAVALHEIRO et 
al., 2021; HE et al., 2025). 

Since Late Jurassic, global climate slowly 
warmed into Early Cretaceous from slightly less 
than 20°C to slightly above 30°C (GODDÉRIS et al., 
2020; SCOTT & LINDSEY, 2025). Early Cretaceous 
atmospheric temperatures fluctuated, decreasing 
slightly during early Berriasian, then cooled dra-
matically in later Berriasian and into late Valan-
ginian and early Hauterivian (Fig. 3). Tethys 
belemnite data show a stepwise temperature de-
crease throughout the Valanginian and into early 
Hauterivian, which is followed by warming (PRICE 
et al., 2016). Integrated global paleotemperature 
data show that globally mean SST dropped 
3.0±1.7°C from late Valanginian into early 
Hauterivian (CAVALHEIRO et al., 2021; HE et al., 
2025). Also, atmospheric pCO2 decreased during 
this time-period. At high latitudes (>±48° lati-
tude) Valanginian SST ranged from about 22°C to 
23 °C at least 10°C cooler than at low latitudes 
and possibly as great as 20°C (GRÖCKE et al., 
2005; MÖLLER et al., 2015, 2020; O'BRIEN et al., 
2017; HE et al., 2025). Low-latitude ocean tem-
perature slightly increased from less than 25°C to 
30°C; then decreased into the Hauterivian fol-
lowed by a slight increase into early Aptian and 
then decreased again into latest Aptian. However, 
in offshore Antarctica at paleolatitude ~54° S and 
at a paleowater depth of ~500 meters, the tem-
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perature dropped 3-4°C during the late Valan-
ginian CIE (CAVALHEIRO et al., 2021). Multiple 
Valanginian-early Hauterivian continental glacia-
tion events are documented in Australia while it 
was docked with Antarctica (ALLEY et al., 2020). 

The oceanic temperature off the coast of 
Antarctica at a paleolatitude of 54° S cooled dur-
ing the four Valanginian carbon isotope subunits 
of the VCIE (ALLEY et al., 2020; CAVALHEIRO et al., 
2021; HE et al., 2025). The carbon isotope curve 
in the ODP 692B core, Weddell Sea, spans 14 m 
of thin-laminated black shale (Fig. 8) (CAVALHEIRO 
et al., 2021). This pattern is documented across 
all latitudes (CAVALHEIRO et al., 2021). 

The TEX86 curve records the warmest interval 
at the beginning of VCIE from the Onset into the 
P1 interval (CAVALHEIRO et al., 2021). Then SST 
dropped nearly 5°C into the early part of P3 
stage. By the end of the VCIE temperature 
warmed 3-4°C briefly. This warm-cool-warm-cool 
alternation is also documented in Madagascar by 
belemnites, oysters and bulk carbonate (HE et al., 
2025). Unlike younger Cretaceous carbon isotope 
excursions when ocean anoxia developed, oceanic 
conditions during the VCIE fluctuated between 
oxic and dysaerobic conditions (PERCIVAL et al., 
2023; TOMARU et al., 2025). 

Humidity and productivity 

During the earliest Valanginian and into the 
Valanginian-Hauterivian transition, climate was 
humid and marine productivity increased as docu-
mented by clay minerals, palynological and cal-
careous nannofossil assemblages (DUCHAMP-
ALPHONSE et al., 2007; KUJAU et al., 2012, 2013; 
MORALES et al., 2013; BODIN et al., 2015; PRICE et 
al., 2016; CHARBONNIER et al., 2020; PERCIVAL et 
al., 2023). 

Surface-water productivity as indicated by cal-
careous nannofossils and elevated Sr/Ca ratios in 
the west-central Atlantic recorded in DSDP 534A, 
was high during Berriasian-mid-Valanginian into 
the Onset phase about 135 Myr, then decreased 
into latest Valanginian (CASELLATO et al., 2008: Fig 
2; PERCIVAL et al., 2023). In the southern ocean 
Weddell Sea, ODP 692B, ocean temperature was 
warmest prior to and during the Onset of VCIE 
and cooled beginning about P1 into the recovery 
phase after P3 to the end of the Valanginian 
(CAVALHEIRO et al., 2021). On the southeast mar-
gin of the Arabian platform prograding into the 
Rayda Basin, Jebal Akhdar, Oman (DUJONCQUOY et 
al., 2018), terrigenous influx increased at about 
134.00 Ma when deposition of the argillaceous 
Salil Formation began (SCOTT, 1990; CELESTINO et 
al., 2016). The δ18O also decreased from -3‰ to 
less than -4‰ suggesting a small temperature 
decrease, which was inferred by DUJONCQUOY et al. 
(2018). About the same time on the western mar-
gin of the Central Atlantic, increased terrigenous 
influx during P3 subunit is also dated at 134.00 
Ma (Figs. 8-9, arrows). This is consistent with a 
return to global humid climate as ocean tempera-
tures cooled. Following the end of VCIE, as 

recorded in DSDP 534A, terrigenous influx in-
creased suggesting sea-level changes (COTILLON, 
1992) or more humid climate (LINI et al., 2007; 
PERCIVAL et al., 2023) or both. In East Texas the 
upper Valanginian-lower Hauterivian terrigenous 
Hosston Formation overlies the drowned lower 
Valanginian carbonate ramp, Knowles Limestone 
(MANN & THOMAS, 1964; MANCINI et al., 2012; 
SCOTT, 2019), which supports the regional extent 
of latest Valanginian increased terrigenous sedi-
mentation and the rise of climate humidity. Late 
Valanginian Osmium isotope (187Os/188Os) preced-
ing VCIE and into the Onset stage suggests that 
weathering of Paraná-Etendeka basalt increased 
influx of micronutrients, which fertilized the 
oceans (PERCIVAL et al., 2023). Manganese and 
iron are enriched in Valanginian carbonates in the 
Mediterranean and Atlantic suggesting elevated 
continental weathering and expansion of dysoxic 
water masses (KUHN et al., 2005). 

It appears that during the Tithonian Stage, 
calcite precipitation was favored because pCO2 
was reduced and SST temperature warmed and 
photosynthesis was active (DREYBRODT et al., 
1997). Aragonite tends to be precipitated faster 
than calcite at a given state (MUCCI et al., 1989). 
These conditions changed during VICE resulting in 
dissolution of some pelagic organisms. 

Southern volcanic Large Igneous Prov-
ince (LIP) 

The Paraná-Etendeka LIP was apparently the 
main trigger of the Valanginian carbon isotope ex-
cursion (MARTINEZ et al., 2015, 2023; CELESTINO et 
al., 2016; GOMES & VASCONCELOS, 2021; PERCIVAL et 
al., 2023; TOMARU et al., 2025). Recent studies 
based on high-precision radioisotopes date the 
emplacement spanning from 135.0±0.6 to 
133.2±0.3 Ma (GOMES & VASCONCELOS, 2021). The 
timing coincidence of Paraná Continental Flood 
Basalt formation suggests that it impacted the 
Valanginian CIE (JELBY et al., 2020; THÖLE et al., 
2020; JOECKLE et al., 2023; TONG et al., 2024). In 
the Japanese section the VCIE is bracketed by 
precise radioisotope dates on volcanic ash at 
136.2±0.3 Ma and 132.5±0.9 Ma, which are con-
sistent with new dates of these flood basalts. 

7. Conclusions 
The Late Jurassic-Early Cretaceous Phyto-

plankton Ecosystem Evolution and its associated 
Calcification Event were major evolutionary inno-
vations that fundamentally altered the global 
oceanic marine pelagic zone. Pelagic micro-organ-
isms, nannoflora, dinoflagellates and calpionellids, 
constructed tests out of calcium carbonate and di-
versified becoming abundant producers in the Late 
Jurassic-earliest Cretaceous seas. Phytoplankton 
diversification was detoured by the Valanginian 
CIE chemozone, when nannoconid diversity and 
abundance decreased along with dinoflagellates 
and calpionellids. Ocean chemistry and tempera-
ture fluctuated following volcanic eruptions of the 
Paraná-Etendeka LIP. 
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The VCIE is a global chronostratigraphic chemo-
zone composed of four subunits that are docu-
mented in the Koyamada Formation, Japan, in the 
west Pacific Ocean. These four subunits of the 
VCIE are identified in eight globally widespread 
sections. The VCIE began during the late Valan-
ginian Neocomites peregrinus Zone and ended in 
the Acanthodiscus radiatus Zone in the earliest 
Hauterivian; the recovery stage continued into 
the earliest part of the Hauterivian Stage. The 
VCIE chemozone spanned from M11r Polarity 
Chron into M10N Polarity Chron. 

The Valanginian carbon isotope chemozone be-
gan with the Onset subunit at 135.79 Ma and 
ended at the end of subunit P3 at 132.25 Ma. This 
chemozone coincided with the emplacement of 
the Paraná-Etendeka LIP dated from 135.0±0.6 
to 133.2±0.3 Ma. The duration of the Paraná-
Etendeka LIP was a minimum of 1.8 Myr, and the 
average duration of the VCIE was 2.47 Myr. ERBA 
and TREMOLADA (2004) estimated the duration of 
VCIE at about 2 Myr. This Valanginian carbon ex-
cursion is related to significant changes in the at-
mosphere and hydrosphere and to a major 
change in marine biota and ecosystems. The de-
crease of calcareous nannoconids and virtual ex-
tinction of calpionellids formed the first Creta-
ceous marine biotic crisis that influenced subse-
quent Cretaceous marine biota. 
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