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Supplementary Material: Diatoms 


We first present plots of each of our model (“hat”) fits to each diatom species. Vertical 


bars show the observed proportion of sites occupied by the species in 2 Myr bins. Dotted 


curves are the fitted curves. The labels “S” and “T” on each plot show the inflection 


points for the rise and fall of species (see model under methods), respectively. Following 


the species “hat”, we show plots of the time period over which samples are available for 


each species and the temporal distribution of preservation status (preservation codes G 


for “good,” M for “moderate” and P for “poor” and gray closed circles for samples with 


no preservation state coded). The first set of plots does not overlap completely with the 


second set because we have no preservation information for a few species. 


 


Note that our model does not fit all species perfectly and that the parameter 0p  deals with 


cases such as Actinocyclus ingens which has a single Paleogene occurrence even though 


the bulk of its occurrences are in the Neogene with no intervening time periods where it 


occurs. 
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Thalassiosira plicata  (61)
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Thalassiosira praeconvexa  (34)
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Thalassiosira punctata  (17)
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Thalassiosira spinosa  (54)
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Thalassiosira spumellaroides  (29)
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Thalassiosira symmetrica  (21)
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Thalassiosira temperei  (12)
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Thalassiosira trifulta  (63)
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Thalassiosira tumida  (11)
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Thalassiosira zabelinae  (69)
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Thalassiosira bukryi  (13)
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Thalassiosira elliptipora  (9)
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Thalassiosira gersondei  (12)
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Thalassiosira lentiginosa  (39)
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Thalassiosira manifesta  (25)
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Thalassiosira marujamica  (35)


P
ro


p.
 p


re
se


nt


0.
0


0.
4


0.
8


60 40 20 0


S T


Thalassiosira miocenica  (54)
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Thalassiosira nativa  (100)
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Thalassiosira oliverana  (32)
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Thalassiosira grunowii  (12)
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Trachyneis aspera  (18)
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Triceratium acutangulum  (20)
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Triceratium barbadense  (18)
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Triceratium cinnamomeum  (107)
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Triceratium condecorum  (27)
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Triceratium groningensis  (18)
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Triceratium schulzii  (31)


Geologic time (Ma)


0.
0


0.
4


0.
8


60 40 20 0


S T







Triceratium mirabile  (11)
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Triceratium unguiculatum  (14)
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Trinacria excavata  (121)


Geologic time (Ma)


P
ro


p.
 p


re
se


nt


0.
0


0.
4


0.
8


60 40 20 0


S T


Trinacria pileolus  (37)
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Trinacria regina  (13)
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Trinacria simulacrum  (12)
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Trinacria deciusii  (16)
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Trochosira spinosa  (24)
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Trochosira marginata  (13)
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Xanthiopyxis globosa  (13)
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Xanthiopyxis oblonga  (19)
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Xanthiopyxis acrolopha  (12)
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Actinocyclus fryxellae


Geologic time (Ma)


pr
es


er
va


tio
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co
de


11 8.5 6
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Actinocyclus ingens


Geologic time (Ma)


pr
es


er
va


tio
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co
de


57 28.5 0
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Actinocyclus karstenii


Geologic time (Ma)


pr
es
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de


12 6 0
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Actinocyclus lanceolatus


Geologic time (Ma)


pr
es


er
va


tio
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co
de


8 4 0
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Actinocyclus moronensis


Geologic time (Ma)


pr
es


er
va


tio
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co
de


42 21 0
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Actinocyclus ochotensis


Geologic time (Ma)


pr
es


er
va


tio
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de


19 9.5 0
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Actinocyclus octonarius


Geologic time (Ma)


pr
es
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va


tio
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de


33 16.5 0
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Actinocyclus oculatus


Geologic time (Ma)
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de


15 7.5 0
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Actinocyclus tsugaruensis


Geologic time (Ma)


pr
es
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va


tio
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de


57 32 7
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Actinoptychus senarius


Geologic time (Ma)
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57 28.5 0
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Actinoptychus splendens


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


41 20.5 0
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Actinoptychus thumii


Geologic time (Ma)
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38 25 12
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Annellus californicus


Geologic time (Ma)


pr
es
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va
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de


17 14.5 12
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Asterolampra acutiloba


Geologic time (Ma)


pr
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34 18.5 3
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Asterolampra affinis


Geologic time (Ma)
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42 23 4
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Asterolampra grevillei


Geologic time (Ma)
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57 28.5 0
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Asterolampra insignis


Geologic time (Ma)


pr
es
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47 35.5 24
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Asterolampra marylandica


Geologic time (Ma)
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57 28.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGG


Asterolampra punctifera


Geologic time (Ma)
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35 31 27
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Asterolampra schmidtii


Geologic time (Ma)
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38 32.5 27
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Asterolampra vulgaris


Geologic time (Ma)
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47 29.5 12
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Asteromphalus arachne


Geologic time (Ma)
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7 3.5 0
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Asteromphalus darwinii


Geologic time (Ma)


pr
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57 29.5 2
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Asteromphalus flabellatus


Geologic time (Ma)
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32 16 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPP


●●●●







GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Asteromphalus heptactis


Geologic time (Ma)


pr
es
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7 3.5 0
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Asteromphalus hookeri


Geologic time (Ma)
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10 5 0
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Asteromphalus imbricatus


Geologic time (Ma)
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13 6.5 0
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Asteromphalus kennettii


Geologic time (Ma)
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11 5.5 0
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Asteromphalus oligocenicus


Geologic time (Ma)
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43 29 15
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Asteromphalus parvulus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


20 10 0


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Asteromphalus petersonii


Geologic time (Ma)
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6 3 0
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Asteromphalus robustus


Geologic time (Ma)
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19 9.5 0
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Asteromphalus symmetricus


Geologic time (Ma)
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39 28.5 18
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Azpeitia endoi
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57 29.5 2
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Azpeitia gombosi
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Azpeitia nodulifer


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


27 13.5 0


MMMMMMMMMMMMMMMMMMMMMMMMM


PPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●







GGGGGGGGGGGGGGG


Azpeitia oligocenica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


41 26 11


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGG


Azpeitia praenodulifer


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


23 17.5 12


MMMMMMMMM


PP


●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Azpeitia tabularis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


19 9.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Azpeitia vetustissima


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 17.5 0


MMMMMMMMMMMMMMMMMMMMMMM


PPPP


●●●●●●●●●●●●●●●●●●●●●●●●







GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Bacteriastrum hyalinum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


19 9.5 0


MMMMMMMMMMMMMMMMMMMMMMMMM


PPP


GGGGGGGGGGGGGG


Bacteriosira fragilis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


13 6.5 0


MMMMMMMMMM


●●●●●●●●●


Baxteria brunii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 30.5 26


●●●●●●●●●●●●●●●●●●●●●●●●●


GGG


Bogorovia veniamini


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


34 27 20


MMMMMMMM


P


●●●●●●●●●●







Cestodiscus antarcticus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


34 29 24


MM


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


G


Cestodiscus convexus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


45 32.5 20


MMMMMMMM


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGG


Cestodiscus muhinae


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


41 26.5 12


MMMMMMMMMMMMMMMMMMM


PPPP


●●●●●●●●●●●●●●●●●●●●●●●


GG


Cestodiscus parmula


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


34 29.5 25


MMMM


●●●●●●●●●●●







GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Cestodiscus peplum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 23.5 12


MMMMMMM


●●●●●●●●●●●●●●●●●●●●●●


GGGG


Cestodiscus pulchellus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


36 22.5 9


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


P


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGG


Cestodiscus reticulatus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


34 29.5 25


MMMMMMMMMMM


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGG


Cestodiscus robustus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


36 27.5 19


MMMMMMMMMMMMMM


●●●●●







Cestodiscus trochus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


37 33.5 30


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


Chaetoceros asymmetricus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 29.5 24


●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGG


Chasea ornata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


45 40 35


MMMM


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Cladogramma dubium


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


29 16 3


MMMMMMMMMM


PPPPPPPPPPPPPP







GGG


Cocconeis californica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


13 6.5 0


MM


PP


●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGG


Cocconeis costata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


15 7.5 0


MMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGG


Cocconeis scutellum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


14 7 0


MMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Coscinodiscus africanus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


13 6.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPP


●●●●●







G


Coscinodiscus argus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 17.5 0


MMMMMMM


P


●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGG


Coscinodiscus asteromphalus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


43 21.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PP


●●●●●●●●●●●●●


Coscinodiscus blysmos


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


21 17 13


MMMM


PP


●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Coscinodiscus crenulatus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


40 20 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPP


●●●●●●●●●●●●●●●●●●●●●●●







GG


Coscinodiscus excavatus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


36 24.5 13


MMMMMMMMMMM


PPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●


GGGGG


Coscinodiscus gigas diorama


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


14 7.5 1


MMMMMMMMMMMMMMMMMM


P


●●●●●●●●●●


Coscinodiscus hajosiae


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 29 23


MMM


P


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGG


Coscinodiscus intersectus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


14 8.5 3


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPP


●●







GGGGGGGGG


Coscinodiscus kolbei


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


10 5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Coscinodiscus lewisianus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


57 30 3


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Coscinodiscus marginatus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


57 28.5 0
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●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GG


Coscinodiscus nitidus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


16 8 0


MMM


PPP
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Coscinodiscus nodulifer


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


57 28.5 0
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Coscinodiscus occulus−iridis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


45 22.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPP
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Coscinodiscus plicatus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


17 8.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPP
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Coscinodiscus radiatus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 17.5 0
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GGGGGGGG


Coscinodiscus rhombicus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


34 21.5 9


MMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPP
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G


Coscinodiscus salisburyanus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


17 14 11
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Coscinodiscus stellaris


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


57 28.5 0
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GGG


Coscinodiscus superbus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


41 27.5 14
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Coscinodiscus temperei


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


13 8 3
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Coscinodiscus tuberculatus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


38 23.5 9
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Coscinodiscus yabei


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


14 9 4
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Cosmiodiscus insignis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


12 6.5 1
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GGG


Cosmiodiscus intersectus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


9 5.5 2
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Craspedodiscus coscinodiscus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


34 18.5 3
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Crucidenticula nicobarica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


19 9.5 0
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Cyclotella striata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


15 7.5 0
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Cymatosira biharensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


41 22 3


MM
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Cymatosira compacta


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


38 26 14


MMMMMMMM


PPP
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Cymatosira fossilis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


39 29.5 20


MMMM


Dactyliosolen antarcticus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


27 13.5 0
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Delphineis surirella


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


23 11.5 0


MMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Denticulopsis dimorpha


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


18 9 0
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Denticulopsis hustedtii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


18 9 0
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Denticulopsis hyalina


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


21 10.5 0
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Denticulopsis lauta


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


57 28.5 0
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PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


Denticulopsis maccollumii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


18 13.5 9
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Denticulopsis praedimorpha


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


18 9.5 1
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Denticulopsis punctata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


57 28.5 0
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Denticulopsis seminae


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


15 7.5 0
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Diploneis bombus


Geologic time (Ma)


pr
es


er
va


tio
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co
de


15 7.5 0
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Diploneis coffaeiformis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


15 7.5 0
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Diploneis smithii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


14 7 0
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Ethmodiscus rex


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


38 19 0
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Eucampia antarctica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


21 10.5 0
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Goniothecium decoratum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


39 26.5 14


MMMMMMMMMMMMMMMMMMMMM


PPP


●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Goniothecium odontella


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


39 21 3
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Grunowiella gemmata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


63 45.5 28
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Grunowiella palaeocaenica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


63 59 55
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Hemiaulus altar


Geologic time (Ma)


pr
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va


tio
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de


38 32 26
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Hemiaulus exiguus


Geologic time (Ma)


pr
es


er
va


tio
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de


37 31.5 26
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GGGG


Hemiaulus hostilis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


45 37 29


MM
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Hemiaulus incisus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


63 40.5 18


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGG


Hemiaulus kittonii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


43 31.5 20
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●


Hemiaulus kristoffersenii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


61 58 55
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Hemiaulus polycystinorum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


45 28.5 12
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Hemiaulus polymorphus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


63 31.5 0
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Hemiaulus subacutus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


56 40 24
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Hemiaulus taurus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


34 26.5 19
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Hemidiscus cuneiformis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


57 28.5 0
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Hemidiscus karstenii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


11 5.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPP
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Hemidiscus ovalis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


13 6.5 0


M


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Hemidiscus simplicissimus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


13 6.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMM


P


●●●







Hyalodiscus ambiguus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


61 58.5 56


●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Ikebea tenuis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


21 10.5 0


MMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPP


●●●●●●●●●●●●


Lisitzinia ornata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


28 16 4


MMMMM


PPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


Macrora barbadense


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


42 36 30


●●●●●●●●●●●●●●●●●●●●●●●●●●●







GGGGGGGGGGGGGGGGGGGGGGGGGGG


Macrora stella


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


38 20.5 3


MMMMMMMM


PP
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Mediaria splendida


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


57 29 1


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●


GGGGGGGGGG


Melosira albicans


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


9 4.5 0


MMM


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGG


Melosira goretzkii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


45 31 17


MMMMM


PPPP







GGGGGGG


Navicula lyra


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


29 14.5 0


MMMMMMMMMMMMMMM


PPPPPPP


●●●●


GGGGGGG


Navicula udintsevii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


44 28 12


●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Neobrunia mirabilis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


21 10.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPP
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Neodenticula kamtschatica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


57 28.5 0
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PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●







GGGGGG


Neodenticula koizumii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


4 2 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


Nitzschia angulata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


10 5 0
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GGGGGGGGGGGGGGG


Nitzschia bicapitata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


9 4.5 0


MMMMMMMMMMMMMMMMMMMM


P
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GGGGGG


Nitzschia claviceps


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


13 10.5 8


MMMMMMMMMMMMMMMMMM


P
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GGGG


Nitzschia curta


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


14 7 0


MMM
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Nitzschia cylindrica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


27 13.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PP
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GGGGGGGGGGGGGGG


Nitzschia cylindrus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


8 4 0


MMMMMMMMMMMMMMMM


PPPPPP


GGGGGG


Nitzschia denticuloides


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


18 9.5 1


MMMMMMMMMMMMMMMMMMMMMMMMM


PPP
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GGGGGGGGGGGGG


Nitzschia donahuensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


15 7.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PP


●●●●●●●●●●●●●●●●●●●●●●●●


GGG


Nitzschia efferans


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


15 7.5 0


MMMMMMMMMMMMMMMMMMMMM


P
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Nitzschia fossilis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


15 7.5 0
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Nitzschia grossepunctata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


18 15 12
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PP
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GGGGGGGGGGGGGGGGGGGGGGGGGGGG


Nitzschia grunowii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


9 4.5 0


MMMMMMMMMMM


P


●●●●


GGGGGGGGGGG


Nitzschia inflatula


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


7 4 1


MMMMMMMMMMMMMM


P


GGGGGGGGGGGGGGGG


Nitzschia interfrigidaria


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


15 7.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPP
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Nitzschia interruptestriata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


8 4 0
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GG


Nitzschia januaria


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


15 10 5
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Nitzschia jouseae


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


13 7 1
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Nitzschia kerguelensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


5 2.5 0
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Nitzschia kolaczeckii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


14 7 0


MMMMMMMMMMMMMMMMMMMMM







GGGGGGGGGGGGGGGGGGG


Nitzschia maleinterpretaria


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


26 17.5 9
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Nitzschia marina


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


13 6.5 0
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Nitzschia miocenica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


57 28.5 0
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Nitzschia panduriformis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


5 2.5 0
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Nitzschia porteri


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


14 8.5 3
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PPPPP
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Nitzschia praereinholdii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


13 6.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM
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Nitzschia pseudokerguelensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


14 9 4


MMMMM
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Nitzschia pusilla


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


20 17 14
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Nitzschia reinholdii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


57 28.5 0
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GGGGGGGGGGGG


Nitzschia ritscherii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


4 2 0
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Nitzschia rolandii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


57 30 3
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Nitzschia seriata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


5 2.5 0
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Nitzschia sicula


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


10 5 0
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Nitzschia umaoiensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


15 8 1
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Odontella aurita


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


30 15 0
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Odontella cornuta


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


45 39 33
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Paralia architecturalis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


48 24.5 1


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Paralia sulcata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


63 31.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Planktoniella sol


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


7 3.5 0


MMMMMMMMMMMMMMMMMM


PPPPPPP


●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Pleurosigma planktonica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 23 11


●●●●●●●●●●●●●●●●●●







GGGGGGGGGGGGGGGGGGGGGGG


Porosira glacialis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


10 5 0


MMMMMMMMMMMMMMMM


PPPPPPPPP


●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGG


Pseudodimerogramma oligocenica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


36 28 20


MMMMMM


P


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Pseudoeunotia doliolus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


13 6.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGG


Pseudopodosira elegans


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


12 6 0


MMMMMMMMMMMMMMM


PPPPPPPPP


●●●●●●●●●●●●●●●●●●







GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Pseudopodosira simplex


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


63 37 11


PPP


●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Pseudopyxilla americana


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


45 24 3


MMMMMMMMMM


PPPPPPPP


GGGGGGG


Pseudopyxilla directa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


38 23 8


MMMM


PPPPP


GGGGGGGG


Pseudopyxilla russica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


61 41 21


MMMMMM


PPPPP


●●●●●●●●●







GGGG


Pseudorocella barbadense


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


33 26.5 20


MMMMMMMMMMMM


GGGGGGGGGGGGGGGGGGGGGG


Pseudotriceratium chenevieri


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


47 27.5 8


MMMMMMMMMMMMMMMMMMMMM


PPP


●●●●●●●●●●●●●●●●●


G


Pseudotriceratium radiosoreticulatum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 29.5 24


M


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGG


Pterotheca aculeifera


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


61 42.5 24


MMMMMMM


●●●●●●●●●●●●●●●●●●●●●







Pterotheca clavata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


63 59 55


●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Pterotheca reticulata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


43 34.5 26


MMMMMMMMMMMMM


●


GGGGGGGG


Pyrgupyxis oligocaenica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


45 36.5 28


MMMMMMM


●●●●●●●●●●●


GGGGGGGGGG


Pyxilla dubia


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


56 45.5 35


MMMMMMM


●●●







Pyxilla reticulata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


48 28.5 9


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Rhaphidodiscus marylandicus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


33 21 9


MMMMMMMMMMMMMMMMMMMMM


PP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Rhaphoneis amphiceros


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


39 19.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGG


Rhaphoneis angustata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


17 8.5 0


MMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPP







GGGGGGGGGGGGGGGGGGGGGGGGGG


Rhaphoneis margaritalimbata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


19 10 1


MMM


PPP


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Rhizosolenia alata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


22 11 0


MMMMMMMMMMMMMMMMMMMMMM


PPPPPP


●●●●●●●●●●●●●●●●●●●


Rhizosolenia antarctica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


34 28 22


M


●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Rhizosolenia bergonii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


15 7.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●







GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Rhizosolenia curvirostris


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


15 7.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Rhizosolenia hebetata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


34 17 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Rhizosolenia hebetata hiemalis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


57 28.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Rhizosolenia hebetata subacuta


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


43 35.5 28


MMMMMMMMMMMMMMMMM


PPPPP







GGGGGGGGG


Rhizosolenia interposita


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


41 32.5 24


MMMMMMMMMMMMMMMM


●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Rhizosolenia miocenica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


15 8 1


MMMMMMMMMMMMMM


PP


●●●●●●●●●●●●●●●


GGG


Rhizosolenia oligocenica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


34 26 18


MMMMMMMMMMMMMMMM


P


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGG


Rhizosolenia pokrovskajae


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 27.5 20


●●●●●●●●●●●●●







GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Rhizosolenia praebergonii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


10 5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Rhizosolenia semispina


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


44 32 20


MMMMMMM


GGGGG


Rhizosolenia setigera


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


9 4.5 0


MMMMMMMMMMMMM


P


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
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Rhizosolenia styliformis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 17.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●







GGGGGGGGGGGGGGGGGGGG


Riedelia claviger


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


45 38 31


MMMMMMMM


●●●●●●●


Rocella gelida


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


27 15 3


MMMMMMMMMMMM


PPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGG


Rocella praenitida


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


36 21 6


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGG


Rocella vigilans


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


36 20.5 5


MMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●







GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Roperia tesselata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


13 6.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGG


Rossiella paleacea


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


25 13 1


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Rossiella praepaleacea


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


14 9.5 5


MMMMMMMM


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


Rossiella symmetrica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


29 24 19


MMMM


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●







GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Rossiella tatsunokuchiensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


7 3.5 0


MMMMMMMMMMMMMMM


PPPP


●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Rouxia californica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


57 28.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GG


Rouxia granda


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 32 29


MMMMMMMMMM


●●●●●●●●●●


GGGGGGGGGGGGGGGGGG


Rouxia heteropolara


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


7 3.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●







GGGGGGGGGGGGGGGGGGG


Rouxia isopolica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


20 10 0


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Rouxia naviculoides


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


17 8.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGG


Rouxia obesa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


41 32.5 24


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGG


Rouxia peragalli


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


13 7 1


MMMMMMMMMMMMMM


PP


●●●●●●







GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Rouxia yabei


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


21 12 3


●●●●●●●●


GGGGG


Rutilaria areolata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


39 25.5 12


MMMMMMMM


●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Sceptroneis caducea


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


27 15 3


M


P


GGGGGGGGGGGG


Sceptroneis grunowii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


45 28.5 12


MMMMMMMMMMMMMMMMMM


P


●●●●●●●●●●●●●●●●●●●●●●●







GGGGGGGGGGGGGGGGGGG


Sceptroneis humuncia


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


38 29 20


MMMMMM


GGGGGGGGGGGGGG


Sceptroneis mayenica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


45 34.5 24


MMMMMMMMMMMMMMMMMM


GGGGGGG


Sceptroneis pesplanus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


45 35 25


MMMMMMM


PP


●●●●●●●●●●


GGGGGGGG


Sceptroneis praecaducea


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


39 33.5 28


MMMMM


●●●●●●●●●●●●●●●●●●●●●●







GGGGGGGGGGGGG


Sceptroneis propinqua


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 27.5 20


MMMMMMMMMM


PPPP


●


GGGGGGGGG


Sceptroneis talwanii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


39 33.5 28


MMMMMMMMM


P


●●●


GGGGGGGGGGGGGGGGGGGGGG


Sceptroneis tenue


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


38 31 24


MMMMMMMMMM


P


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Simonseniella barboi


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


28 14 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●







GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Simonseniella praebarboi


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 17.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


Skeletonema barbadense


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


38 31.5 25


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGG


Stellarima microtrias


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


63 32.5 2


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPP


●●●●●●●●


Stellarima primalabiata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


63 40.5 18


MM


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●







GGGGGGGGG


Stephanogonia hanzawae


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


20 11.5 3


MMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPP


●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Stephanopyxis barbadensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


45 40 35


MMMMMMMMMMMMMMM


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Stephanopyxis dimorpha


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


14 7 0


MMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGG


Stephanopyxis grunowii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


56 28 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●







GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Stephanopyxis hyalomarginata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 23 11


MM


GGGGGGGGGGGGGGGGG


Stephanopyxis marginata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


61 40.5 20


MMMMMMMMMMMMMMMMMMMM


P


●●●


GGGGG


Stephanopyxis spinosissima


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


34 27 20


MMMMMMMMMMM


P


●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Stephanopyxis turris


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


63 31.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●







GGGGGG


Stichodiscus angulatus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


61 36.5 12


●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGG


Stichodiscus kittonianus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


45 30 15


MMMMM


PP


Syndiella jouseana


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


23 15.5 8


●●●●●●●●●●●●●●●●●●●●


GG


Synedra indica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


9 5 1


MMM


●●●●●●●●●●●●●●●●●●●●●●●●●●







GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Synedra jouseana


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


57 29 1


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Synedra miocenica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


42 24 6


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGG


Thalassionema bacillaris


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


9 4.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Thalassionema hirosakiensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


37 18.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●







GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Thalassionema nitzschioides


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


57 28.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM
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GGG


Thalassionema robusta


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


14 9 4


MM


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGG


Thalassionema schraderi


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


10 5 0


MMMMMMM


P


●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Thalassiosira antiqua


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


15 7.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP
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Thalassiosira bukryi


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


33 24.5 16


●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGG


Thalassiosira burckliana


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


11 7.5 4


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPP


●●●●●●●●●●●●●●●●●●●●●●●
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Thalassiosira convexa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


57 28.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Thalassiosira decipiens


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


57 28.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPP
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Thalassiosira eccentrica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


33 16.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP
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Thalassiosira elliptipora


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


16 8 0


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Thalassiosira fraga


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


21 16 11


MMMMMMMMMMMMMMMMMMMMMM


PPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGG


Thalassiosira gersondei


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


11 8.5 6


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM







GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Thalassiosira gravida


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


10 5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


Thalassiosira grunowii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


13 6.5 0


●●●●●●●●●●●●●●●●●●


GGGGGGGGGGG


Thalassiosira hyalina


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


10 5 0


MMMMMMMMMMMMMMMM


PPPP


●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGG


Thalassiosira irregulata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


44 32 20


MM







GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Thalassiosira jacksonii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


10 5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


Thalassiosira jouseae


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


6 3 0


●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGG


Thalassiosira lentiginosa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


5 2.5 0


MMMMMMMMMMMMMMMMMMMMMMMM


PPPP
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Thalassiosira leptopus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


57 28.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Thalassiosira lineata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


15 7.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPP
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GGGGGGGGG


Thalassiosira manifesta


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


13 7 1


MMMMMMMMMMMMMMM


PPPPP


●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGG


Thalassiosira marujamica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


57 28.5 0


MMMMMMMMMMM


PPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Thalassiosira miocenica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


57 28.5 0


MMMMMMMMMMMMMMMMM


PP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●







GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Thalassiosira nativa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


14 7.5 1


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPP
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Thalassiosira nidulus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


14 7 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPP
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GGGGGGGGGGGGGGGGGGGGG


Thalassiosira nodulolineata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


7 3.5 0


MM


GGGGGGGGGGGGGGGG


Thalassiosira nordenskioeldii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


14 7 0


MMMMMMMMMM


PPPPP
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Thalassiosira oestrupii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


15 7.5 0
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GGGGGGGGGG


Thalassiosira oliverana


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


10 5 0


MMMMMMMMMMMMM
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Thalassiosira pacifica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


7 3.5 0


MMMMMMMMMMMMMMMMMM
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Thalassiosira plicata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


9 4.5 0
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Thalassiosira praeconvexa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


57 28.5 0


MMMMMMMM


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Thalassiosira punctata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


20 10.5 1


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPP


GGGGGGGGGGGGGGGGGGGGGGGGGGGG


Thalassiosira spinosa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


23 13 3
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GGGGGGGGGG


Thalassiosira spumellaroides


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


25 21 17


MMMMM


PPPPPPP
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Thalassiosira symbolophora


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


13 6.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPP


●●●●●


GGGGGGGGGGGGGGGG


Thalassiosira symmetrica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


7 3.5 0


MMMMMMMMMMMMMMMMMMMMMM


PP


●●●●●●●●●●●●●


GGGG


Thalassiosira temperei


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


10 5.5 1


MMMMMMMMM


P
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Thalassiosira trifulta


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


15 7.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPP
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Thalassiosira tumida


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


5 2.5 0
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Thalassiosira zabelinae
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Thalassiothrix frauenfeldii
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Thalassiothrix longissima
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Thalassiothrix miocenica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


23 14 5


MMMMMMMMMMMMMMMMMMMM


PP


●●


Trachyneis aspera


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


12 6 0


MMM


PPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGG


Triceratium acutangulum
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45 23.5 2


MMMMM


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGG


Triceratium barbadense
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Triceratium cinnamomeum
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Triceratium condecorum
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Triceratium groningensis
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Triceratium mirabile


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


61 58.5 56


●●●●●●●●●●●●●●●●●●●●●●●●●●●







GGGGGGGGGGGG


Triceratium schulzii
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Triceratium unguiculatum
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Trinacria deciusii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


63 59 55


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Trinacria excavata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


57 29.5 2


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●







GG


Trinacria pileolus
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Trinacria regina
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Trinacria simulacrum
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Trochosira marginata
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Trochosira spinosa
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Xanthiopyxis acrolopha
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Xanthiopyxis globosa
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Xanthiopyxis oblonga


Geologic time (Ma)
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Supplementary Material: Planktic Foraminifers 


We first present plots of each of our model (“hat”) fits to each foraminifer species. 


Vertical bars show the observed proportion of sites occupied by the species in 2 Myr 


bins. Dotted curves are the fitted curves. The labels “S” and “T” on each plot show the 


inflection points for the rise and fall of species (see model under methods), respectively. 


Following the species “hat”, we show plots of the time period over which samples are 


available for each species and the temporal distribution of preservation status 


(preservation codes G for “good,” M for “moderate” and P for “poor” and gray closed 


circles for samples with no preservation state coded). The first set of plots does not 


overlap completely with the second set because we have no preservation information for 


a few species. 


 


Note that our model does not fit all species perfectly and that the parameter 0p deals with 


cases such as Acarinina quetra which has occurrences very close to the Recent even 


though the bulk of its occurrences are in the Paleogene with no intervening time periods 


where it occurs. 
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Acarinina coalingensis  (13)
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Acarinina collactea  (92)
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Acarinina convexa  (21)
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Acarinina esnaensis  (40)


Geologic time (Ma)


P
ro


p.
 p


re
se


nt


0.
0


0.
4


0.
8


60 40 20 0


S T


Acarinina intermedia  (43)
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Acarinina mckannai  (61)
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Acarinina primitiva  (167)
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Acarinina quetra  (47)
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Acarinina rotundimarginata  (47)
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Acarinina soldadoensis  (88)
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Acarinina subsphaerica  (78)
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Acarinina triplex  (25)
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Acarinina wilcoxensis  (45)
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Acarinina matthewsae  (25)
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Acarinina praepentacamerata  (22)
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Acarinina praetopilensis  (20)
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Beella digitata  (59)


Geologic time (Ma)


0.
0


0.
4


0.
8


60 40 20 0


S T







Candeina nitida  (210)
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Cassigerinelloita amekiensis  (14)
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Cassigerinella chipolensis  (238)
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Catapsydrax parvulus  (25)
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Chiloguembelina cubensis  (256)
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Chiloguembelina midwayensis  (32)
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Chiloguembelina morsei  (18)
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Chiloguembelina crinita  (24)
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Dentoglobigerina altispira  (553)
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Dentoglobigerina galavasi  (168)
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Dentoglobigerina globosa  (190)
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Fohsella fohsi fohsi  (83)
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Fohsella peripheroacuta  (30)
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Fohsella peripheroronda  (194)
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Fohsella praefohsi  (53)
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Fohsella fohsi  (31)
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Globorotalia anfracta  (25)
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Globorotalia archaeomenardii  (14)
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Globorotalia birnagae  (44)
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Globorotalia cibaoensis  (130)
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Globorotalia crassaformis  (387)
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Globorotalia exilis  (48)
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Globorotalia juanai  (28)
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Globorotalia kugleri  (153)
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Globorotalia ichinosekiensis  (27)
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Globorotalia margaritae  (208)
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Globorotalia menardii  (479)
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Globorotalia mendacis  (21)
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Globorotalia minutissima  (80)
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Globorotalia miocenica  (72)


Geologic time (Ma)


0.
0


0.
4


0.
8


60 40 20 0


S T







Globorotalia miotumida  (140)
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Globorotalia obesa  (364)
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Planorotalites planoconicus  (37)
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Pulleniatina obliquiloculata  (124)
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Pulleniatina primalis  (180)
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Sphaeroidinella dehiscens  (382)
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Subbotina angiporoides  (257)
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Subbotina inaequispira  (59)
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Geologic time (Ma)


P
ro


p.
 p


re
se


nt


0.
0


0.
4


0.
8


60 40 20 0


S T


Subbotina utilisindex  (58)


Geologic time (Ma)


0.
0


0.
4


0.
8


60 40 20 0


S T







Subbotina varianta  (51)
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Subbotina yeguaensis  (35)
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Subbotina bakeri  (17)
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Subbotina trivialis  (23)
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Subbotina cryptomphala  (14)
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Tenuitellinata iota  (18)
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Tenuitellinata juvenilis  (210)
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Tenuitellinata selleyi n.sp.  (11)
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Tenuitella angustiumbilicata  (370)
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Tenuitella gemma  (221)
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Tenuitella insolita  (30)


Geologic time (Ma)


P
ro


p.
 p


re
se


nt


0.
0


0.
4


0.
8


60 40 20 0


ST


Truncorotaloides pseudotopilensis  (73)
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Turborotalia cerroazulensis  (114)
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Turborotalia compressa  (56)
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Turborotalia increbescens  (27)
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Turborotalia pomeroli  (32)
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Turborotalita atlantisae  (32)
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Turborotalita humilis  (93)
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Turborotalita quinqueloba  (434)
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Zeaglobigerina microstoma  (51)
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Zeaglobigerina ampliapertura  (84)
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Zeaglobigerina apertura  (164)


Geologic time (Ma)


0.
0


0.
4


0.
8


60 40 20 0


S T







Zeaglobigerina connecta  (44)


P
ro


p.
 p


re
se


nt


0.
0


0.
4


0.
8


60 40 20 0


S T


Zeaglobigerina labiacrassata  (84)


0.
0


0.
4


0.
8


60 40 20 0


ST


Zeaglobigerina rubescens  (458)
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Acarinina convexa
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Acarinina echinata
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Acarinina esnaensis
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Acarinina intermedia
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Acarinina matthewsae
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Acarinina mckannai
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Acarinina pentacamerata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


53 30.5 8


MMMMMMMMM MMMMMMM


●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGG


Acarinina praepentacamerata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


60 56 52


MMMM


●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●







GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Acarinina primitiva
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Acarinina soldadoensis
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Acarinina spinuloinflata
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Acarinina subsphaerica
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Acarinina triplex
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Acarinina wilcoxensis
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Candeina nitida
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Cassigerinella chipolensis
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Cassigerinelloita amekiensis
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Catapsydrax dissimilis
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GGGGG


Catapsydrax stainforthi


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


28 14 0


MM MMMMMMMMMMMMMMMMM


PPPPPPPPP P


●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGG


Chiloguembelina crinita


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


65 53.5 42


MMMMMMMMMMMM


●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGG


Chiloguembelina cubensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


45 31.5 18


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMM


PPPP PPPPPP
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GGGGGGGG


Chiloguembelina midwayensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


65 59 53


MMM


PP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGG


Chiloguembelina morsei


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


65 57.5 50


MMMMMMMMMMM


GGGGGGGGGGGGGGGGGGGGGGG


Chiloguembelina wilcoxensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


64 56.5 49


MMMMMMMMMM


PPP


●


G GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Dentoglobigerina altispira


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


51 25.5 0


MMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


P PPPPP
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG G


Dentoglobigerina galavasi


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


42 29.5 17


MMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMM


PPPPPPPPPPPP P


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


Dentoglobigerina globosa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


30 15 0


MMMMM
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Dentoglobigerina globularis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


33 18 3


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●● ●●●●●●●●●●●


GGGGGGGGGGGGG


Eoglobigerina spiralis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


84 68.5 53


MMMMMMMMM


PP


●●●●●●●●●●●●●●●







G GGGG


Fohsella fohsi fohsi


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


24 16 8


MM MMMM


PP
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GGGGGGG


Fohsella peripheroronda


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


57 28.5 0


MMMMMMMMMMMMMMMMMMM


P PPPP
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G GG


Fohsella praefohsi


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


18 13 8


MM


P


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGG


Globanomalina australiformis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


57 43 29


MMMMMMMMMMMMMMMM


P


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●







GGGGGGGGGGGGGGGGGG


Globanomalina chapmani


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


63 54.5 46


MMMMMMMMMMMMMMMMMMMMM


PPP


●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGG


Globanomalina imitata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


63 58.5 54


M


●●●●●●●●●●●●●●●●


GGG


Globigerina anguliofficinalis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


34 27.5 21


M MMMMMMMMMMMMMMMMMMMMMMMMM


P


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ● ●●●●●●●●●●●●●●●●●●●●


Globigerina angulisuturalis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


31 18.5 6


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMM


PPPPP
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Globigerina atlantica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


18 9 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PP
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G


Globigerina bermudezi


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


19 9.5 0


MM


P


● ●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGG G


Globigerina binaiensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


31 20 9


M MMMMMMMMMMM MMMMM


P
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Globigerina brazieri


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


31 23.5 16


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●







GGGGGGGGGGG


Globigerina brevis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


36 32 28


MMMMMMMMMMMM


●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●


Globigerina bulbosa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


13 6.5 0
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Globigerina bulloides


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


85 42.5 0
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GGGGGGGG


Globigerina ciperoensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


37 18.5 0


MMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPP
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GGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGG


Globigerina corpulenta


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


53 41.5 30


MMMM


P
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GGGG


Globigerina druryi


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


24 12 0


MMMMMMMMMMMMM MM MMMMMMMMMMMM


PPPP PPPPP
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GGGGGGGGGGGGGGGGG GG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGG


Globigerina falconensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


24 12 0


MMMMMMMMMMMMMMM


PPPP
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GGGGG


Globigerina foliata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


24 12.5 1


MMMMMMM


PP
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GGGGGGGGGGGGGGGGGGGG G G


Globigerina gortanii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


42 30.5 19


MMMM MMMMMMM
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GGGGGGGGGGGG GGGGGGGG


Globigerina hagni


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


49 40.5 32


MMMMMMMMMMMMMMMMMMMM


P


●●●●●●●


Globigerina multiloba


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


30 15 0
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GGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGG


Globigerina nepenthes


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


20 11 2


MMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPP PP PPPPPPPPPPPPPPP PP
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GGGGGGGGGGGGGGGGG


Globigerina officinalis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


39 28 17


M
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G


Globigerina ouachitaensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


34 17.5 1


MMM


PPPPPP
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Globigerina patagonica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


60 44.5 29


MMMMMMMMMMMMM


PPP
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Globigerina praebulloides


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


42 21 0
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PPPPPPPPPPP PPPPPPPPPPPPPPPPPP PPPPPPPPPP
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GG GG


Globigerina praedigitata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


13 6.5 0


M


P
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Globigerina praeturritilina


Geologic time (Ma)


pr
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er
va


tio
n 


co
de


36 29 22
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G


Globigerina prasaepis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


37 27 17


MMMMMMMMMMMMMMM MMMMMMM


P PP
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GGGGGGGGGGGGGGG


Globigerina pseudovenezuelana


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


48 37.5 27


MMMMM


PPP
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GG


Globigerina selli


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


33 20.5 8


MMMMMM MM
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GGGGGGGGGGGGGGGGGG


Globigerina simplicissima


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


65 61.5 58


MMMMMMM


GGGG GGGGGGGGGG


Globigerina tapuriensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


37 18.5 0


MMMMMMMMMMMMM
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Globigerina tripartita


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


42 22 2


MMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMM MMMMMMMM


P PPPPPPP
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Globigerina woodi


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


37 18.5 0


MMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


P
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GGGGG


Globigerinatella insueta


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


20 10 0


M


P


●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGG GGGGGGGGGGGGGGGG


Globigerinatheka barri


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


47 40 33


MMMMMMMMMM


PP


●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Globigerinatheka index


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


47 33.5 20


MMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM M


PPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●







GGGG GGGGGGGGGGGGGGGGGG


Globigerinatheka mexicana


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


45 40 35


MMMMMMMMMMMMMMMMMMMMMMMM


PPP


●●●


GGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Globigerinatheka senni


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


54 37 20


MMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPP


●●●●●●●●● ●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGG GGGGGGGGGGGGGGGGGG


Globigerinatheka subconglobata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


47 40 33


MMMMMMMM MMMMMMMMMMMM


PP


●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGG


Globigerinella calida


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


10 5 0


M MMMMMMMMMMMMMMMMMMMMM


P


●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●







GGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGG


Globigerinella siphonifera


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


25 12.5 0


MMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPP PPPPPPP P
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GGGGGGGGGGGGG


Globigerinelloides multispinus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


85 66.5 48


MMMMMMMMMMMM


●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Globigerinita glutinata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


31 15.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPP PPPPPP PPPPPPPPPPPPP
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GG GGGGGGGGGGGG


Globigerinita pera


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


45 34 23


MMMMMMMMMMMMMMMMMM MMMMMMMMM


PP


●●●●●●●●● ●●●●●●●●●●●●●●●●●●●







GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Globigerinita uvula


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


29 14.5 0


M MMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPP
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GGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGG


Globigerinoides sacculifer


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


51 25.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMM M MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPP PPPPPPPPPPPP PPP
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GGG


Globigerinoides sicanus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


21 10.5 0


MMMMM M MMM


PP


●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GG


Globigerinoides subquadratus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


24 12 0


MMMMMMMM M MMMMMM


P PPP
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GGGGGGGGG G GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGG


Globigerinoides trilobus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


25 12.5 0


MMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMM


PPPPPPP PPPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGG GGGGGGGGGGG


Globoconella conoidea


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


15 7.5 0


MMMMMMMMM MMMMMMMMMMMMMM


P PPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●● ●


GGGGGGGGGGGGGG GG GGGG


Globoconella conomiozea


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


14 7 0


MMMMMMMM MMMMM


PPPPPP


●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●● ●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Globoconella incognita


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


24 19.5 15


●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●







G GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGG


Globoconella inflata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


7 3.5 0


MMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMM


PP PPPPPPPPPPPPPPPPPPP PPP P
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGG


Globoconella miozea


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


24 14 4


MMMMMMM MMMMM


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGG


Globoconella panda


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


17 10.5 4


MM


●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG G


Globoconella praescitula


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


24 12 0


MMMMMMMMM


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●







GGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGG


Globoconella puncticulata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


9 4.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMM


PP PPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●


GGGG


Globoconella sphericomiozea


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


7 4 1


●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Globoconella zealandica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


31 21.5 12


●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGG


Globoconusa daubjergensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


65 61.5 58


MMMMMMMMMM


PPP


●●●●●●●●●●●●●●●●●● ●●●●●







GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGG


Globoquadrina altispira


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


26 13 0


MMMMMMMMMM MMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPP PPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


G


Globoquadrina baroemoenensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


34 18.5 3


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMM


P


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGG


Globoquadrina conglomerata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


25 12.5 0


MMMMMMMMMMMMM MMMMMMMMMM


PPPPPPPPPPPPPP


●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGG G GGGGGGG


Globoquadrina dehiscens


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


51 25.5 0


MMMMMMMMMMM MMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPP PP PPPPPPPPPPPPPP PPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●







Globoquadrina larmeui


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


33 18 3


MMMMMMMM


PP


●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●


GGGGGGGGG GGGGGGGGGGGGGG


Globoquadrina venezuelana


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


48 24 0


MMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


P PPPPPPPPPPPPPPP PP
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Globorotalia archaeomenardii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


16 11 6


MMM


●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●


Globorotalia birnagae


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


24 12 0


MMMM MMMM


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●







GG GGGG


Globorotalia cibaoensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


10 6.5 3


M MMMMMMMMMMMMMM MM


PP PPP


●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●


GGGG GG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGG


Globorotalia crassaformis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


11 5.5 0


MMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMM


PPPPPP PPPPPP PPPP P
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Globorotalia tadjikistanensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


60 56 52


MM


●●●●●●●●●●● ●●●●●●●●●


GGG GGGGGGGGGGGGGGGGGGG GGG


Globorotalia tosaensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


6 3 0


MMMMMMMM MMMMMMMM MMMM


PPP PPPP
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GG


Globorotalia truncatulinoides


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


12 6 0


MMMMM MMMMMMMMMMMMMMMMMMMMM M


PPP
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GGGGGGGGGGGGGGGGGGGG GGGGGGGG


Globorotalia tumida


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


17 8.5 0


MMMMMMMMMMMMMMMMM M MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPP PPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGG


Globorotalia ungulata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


11 5.5 0


MMM M


P
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Globorotaloides carcoselleensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


41 37.5 34


MMMMMM


● ●●●●●●●


GGGGGGG GGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGG


Globorotaloides hexagona


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


21 10.5 0


MMMMMMMMMMMMMMMMMMM MMMMMM MMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPP PP P
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGG GGG


Globorotaloides suteri


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


49 27.5 6


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


P PPPPPPPPPPPPPPPPP PPPPP
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GGG G


Globorotaloides variabilis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


51 25.5 0


MMMMMMM


P
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GG


Hantkenina alabamensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


45 38.5 32


MMMMMMMMMMMMMMM


PP


●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●


G


Hastigerina pelagica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


10 5 0


●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●● ●●







GGGGGGGG


Heterohelix planata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


89 71.5 54


MMMM


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


Hirsutella scitula


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


13 6.5 0
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GGG


Igorina pusilla


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


61 46 31


MMMMMMM


PPPPPPPP


●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGG


Jenkinsella mayeri


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


29 16 3


MMMMMMMM MMM


PPP
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GGGGGGGGGGGGGGGGGGGGGG


Jenkinsella semivera


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


31 21.5 12
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GGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGG


Jenkinsella siakensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


39 19.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


P PPPPPPPPP PP
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Menardella menardii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


13 6.5 0


●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGG


Morozovella acuta


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


59 54 49


MMMM


PP


●●●●●●●●●●●●●●●●●●●●●







GGGG


Morozovella aequa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


59 53.5 48


MMMM MMMMMMMM


PPPPPPP


●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGG


Morozovella angulata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


62 34 6


MMMMMMMMMM


PP


●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGG GG


Morozovella aragonensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


52 26.5 1


MM MMMMM


PPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●


GG


Morozovella conicotruncata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


61 58.5 56


MMM MMM


PPPP


●●●●● ●●●●●●●







GGGG G


Morozovella lensiformis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


54 48.5 43


MMM


PP


●●●●●●●●


G


Morozovella occlusa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


61 55 49


MMMMMMMMMMMMMMM


PPPPPPPPPP


●● ●●●●●●●●●


GGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGG


Morozovella spinulosa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


49 42 35


MMMMM MMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGG


Morozovella subbotinae


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


64 49.5 35


MMMMMMM MMM


PPPPP


● ●●●●●●●●●●●●●●●







GGGGGGGGGGGGGGGGGGG GG


Morozovella velascoensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


61 52 43


MMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMM


PPP PPPPPPPPPPPPPPP
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GGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGG


Neogloboquadrina acostaensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 17.5 0


MMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPP PP
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GGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGG


Neogloboquadrina dutertrei


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


15 7.5 0


MMMMMMMMMMMMMM MMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMM


PPPPPP PP
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GGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGG


Neogloboquadrina humerosa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


11 5.5 0


MMMMMMMMMMM MMM MMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPP PPP PP
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Neogloboquadrina pachyderma


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


25 12.5 0


MMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPP
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G GG GGGGG


Orbulina suturalis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


24 12 0


MMM MMMMMMMMMMMMMMMM


PP
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GGGGGGGGGGGGGGGGGGGGGGG GGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Orbulina universa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


24 12 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPP PPPP PPPPPPPPPPPPPPPPPPP PPP
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGG G


Paragloborotalia continuosa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


32 16 0


MM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMM


PPP PPPPPPP PPPPPP
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Paragloborotalia nana


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


37 24 11


MMMMMM


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGG GG


Paragloborotalia opima


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


40 23 6


MMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMM


P PPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGG


Paragloborotalia pseudocontinuosa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


36 24.5 13


M


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGG


Parasubbotina pseudobulloides


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


69 51 33


MMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMM


PP PPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●







GGGGG


Planorotalites planoconicus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


57 48.5 40


MMMMMMM


●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGG


Porticulasphaera semiinvoluta


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


40 36.5 33


MM MM


●●● ●●●●●


GGGGGGGGGGGGGGGGGGGGGG


Praemurica inconstans


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


65 33 1


MMMMMMMMMMMMMMMMMMMMMMMMM


●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


Praeorbulina glomerosa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


24 12 0


MMM MMMM


PP


●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●







GGGGGGGGGG


Pseudohastigerina barbadoensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


39 34.5 30


MMMM MMMMMMMMMMMMMM MMMMMMM


PPP PPPP


●●●●●●●●●● ●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Pseudohastigerina micra


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


53 38.5 24


MMMMMMMMMMMMMMMMMMMM M


PPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


Pseudohastigerina naguewichiensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


39 35 31


M


●●●●●● ●●●●●●●●●●●●●●● ●●●●●●


GGGGGGGG GGGGGGG


Pseudohastigerina wilcoxensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


55 41.5 28


MMMMM MMMMMM


P


●●●●●●●●●● ●●●●●●●●●●●●●●







GGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGG


Pulleniatina obliquiloculata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


15 7.5 0


MMMMMMMMMMMMMMMMMM MMMMMM M


PPPPPPPPPPPPPPPPPPPPP P
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GGGGGGGGGG GGG


Pulleniatina praecursor


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


11 5.5 0


MM


●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●


G GGG


Pulleniatina primalis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


11 5.5 0


MMMMMMMMMMMMMMMM


PPPPPP
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GGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGG


Sphaeroidinella dehiscens


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


33 16.5 0


MMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPP
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Sphaeroidinellopsis disjuncta


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


23 15.5 8


●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGG GGGGGGGGGGGGGGGG


Sphaeroidinellopsis multiloba


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


24 12.5 1


MMMMMMMMMM M MMM MM


PPPPPPPPPPPP PPPPP
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GGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Sphaeroidinellopsis seminulina


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


24 12 0


MMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPP PPPPPPPPPPPPPPPPPP PPPP
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGG


Subbotina angiporoides


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


48 34 20


MMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PP P
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Subbotina cryptomphala


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


46 34 22


MMMM


●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGG


Subbotina eocaena


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


53 41.5 30


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPP
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Subbotina eocaenica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


58 39.5 21
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGG


Subbotina euapertura


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


40 30 20


MMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPP
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GGGGG


Subbotina inaequispira


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


58 39.5 21


●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Subbotina linaperta


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


56 41.5 27


MMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMM M


PPPPPPPPPPP
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GGG


Subbotina pseudoeocaena


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


54 38 22


MMM


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGG G


Subbotina triangularis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


65 56 47


MMMMMMMMMMMMMMMM MMMMMMMMM


PPPP
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GGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGG


Subbotina triloculinoides


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


69 59 49


MMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


P PPPPPPPPPPPPPP
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GGGGGGGGGGGGGGGGGGGGGGGG


Subbotina trivialis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


65 58.5 52


MMMMMM


P


●●●●●●


GGG GGGGGGGGGGGGGGGGGGGGGGGGGGGG


Subbotina turgida


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


49 42 35


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPP


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Subbotina utilisindex


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


46 33 20


MMMMM
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Subbotina varianta


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


65 52.5 40


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPP


●●●●●●●●●


GGGGGGGGG


Subbotina yeguaensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


43 28.5 14


M MM


PP


●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGG GGGGGGGGG


Tenuitella angustiumbilicata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


41 21.5 2


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


P PPPP
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Tenuitella gemma


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


41 29 17


MMMMMMMM


P
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Tenuitella insolita


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


37 33 29


M
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Tenuitella munda


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


39 29 19


MMMMMMM MMMMMMMMMMMMMM


P
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Tenuitellinata juvenilis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


34 17 0


MM MMMMMMMMMMM
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Tenuitellinata selleyi n.sp.


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


19 16 13


●●●●●●●●●●●●●●●●●●●







GGGGGGGGGGGG


Truncorotaloides pseudotopilensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


60 47.5 35


MMMMM


PP PPP


●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGG


Truncorotaloides rohri


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


49 26 3


MMMM


P


●● ●●●●●●●●●●●●●●●●●●●●●


GG GGGGGGGGGGGGGGGGGGGGGG


Truncorotaloides topilensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


48 43.5 39


MMMMMMMMMMMMMMMM


PPPPPPP


●●●


GGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Turborotalia cerroazulensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


53 26.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MM


PPPPP
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGG


Turborotalia compressa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


65 58.5 52


MMMMMMMM MMMMMMMMMMMMMMMM


P PPP


●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGG


Turborotalia increbescens


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


39 34.5 30


MMMMMMMMMMMMMMM MMMMMMMMMMMM


P


●●●●●● ●●●●●●●● ●●●●●●●●●●●


GG


Turborotalita atlantisae


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


34 17 0


M


●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●


GG


Turborotalita humilis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


26 13 0
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GGGGGGGGGGGGGGGG GGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Turborotalita quinqueloba


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


24 12 0


MMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PP PPPPPPPPPPPPPPP PPPPP
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Zeaglobigerina labiacrassata
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Globorotalia ichinosekiensis
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Globorotalia suterae
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Turborotalia pomeroli
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Acarinina decepta


Geologic time (Ma)
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Globigerina pseudociperoensis
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Globigerinita globiformis
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Globorotalia crassata


Geologic time (Ma)


pr
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Pseudohastigerina danvillensis


Geologic time (Ma)
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Globorotalia postcretacea
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Supplementary Material: Nannoplankton 


We first present plots of each of our model (“hat”) fits to each nannoplankton species. 


Vertical bars show the observed proportion of sites occupied by the species in 2 Myr 


bins. Dotted curves are the fitted curves. The labels “S” and “T” on each plot show the 


inflection points for the rise and fall of species (see model under methods), respectively. 


Following the species “hat”, we show plots of the time period over which samples are 


available for each species and the temporal distribution of preservation status 


(preservation codes G for “good,” M for “moderate” and P for “poor” and gray closed 


circles for samples with no preservation state coded). The first set of plots does not 


overlap completely with the second set because we have no preservation information for 


a few species. 
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Thoracosphaera heimii  (85)
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Thoracosphaera saxea  (254)
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Toweius callosus  (87)
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Toweius craticulus  (93)
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Toweius eminens  (130)


0.
0


0.
4


0.
8


60 40 20 0


S T


Toweius magnicrassus  (39)
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Toweius pertusus  (47)
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Toweius crassus  (13)
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Transversopontis fimbriatus  (12)
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Tribrachiatus orthostylus  (84)
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Triquetrorhabdulus auritus  (13)
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Triquetrorhabdulus carinatus  (386)
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Triquetrorhabdulus milowii  (116)
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Triquetrorhabdulus rugosus  (409)
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Umbellosphaera irregularis  (11)
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Umbilicosphaera mirabilis  (71)
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Umbilicosphaera sibogae  (53)
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Watznaueria barnesae  (13)
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Zygodiscus adamas  (19)
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Zygodiscus herlynii  (14)
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Zygrhablithus bijugatus  (797)
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Biantholithus sparsus


Geologic time (Ma)
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66 47.5 29
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Biscutum constans
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Blackites spinosus
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Bomolithus elegans
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Braarudosphaera bigelowii


Geologic time (Ma)
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119 59.5 0
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Braarudosphaera discula


Geologic time (Ma)
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62 44.5 27
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Bramletteius serraculoides


Geologic time (Ma)


pr
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va


tio
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co
de


61 32.5 4
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Calcidiscus leptoporus


Geologic time (Ma)
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36 18 0
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Calcidiscus macintyrei
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36 18 0
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Calcidiscus premacintyrei
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Calcidiscus protoannulus
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56 30.5 5
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Campylosphaera dela
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Campylosphaera eodela


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


63 53.5 44


MMM MMMMMMMMMMMMMM


PP PP


●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●● ●


GG GGGGG


Catinaster calyculus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


18 10 2


MMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMM


PPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●


GGG


Catinaster coalitus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


14 8.5 3


MM MMMMMMMM


●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●● ●●●●●●







GGG GGGGGGGGGGGGG


Ceratolithus acutus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


11 5.5 0


MMMMMMMMMMMMM MMMMMMMMMMMMMMM


PP


●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGG


Ceratolithus armatus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


8 5.5 3


M MM


●●● ●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGG GGGGGGGGGGGG


Ceratolithus cristatus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


8 4 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMM MM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPP PP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGG GGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Ceratolithus rugosus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


8 4 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPP PPPPPPPP PP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●







GGGGGGGGGGGGGGGGGGGGGGGGGGG GGGG


Ceratolithus telesmus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


5 2.5 0


MMMMMMMMMMMMM MMMM


P


● ●●●●●●●● ●●●●●●●●●●●●●●●●●●●


GG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGG


Chiasmolithus altus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


43 21.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPPPP


●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGG


Chiasmolithus bidens


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


64 32 0


MMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPP PPPPPPP PPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●


G


Chiasmolithus californicus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


67 33.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPP


●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●







GGGGG


Chiasmolithus consuetus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


67 46 25


MMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●


GGGGG


Chiasmolithus danicus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


66 59 52


MMMMMMMMMM MMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPP PPPP PPPPPPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●


GGGGGG GGGGGGGGGGGGGGG


Chiasmolithus expansus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


55 27.5 0


MMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPP PPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●


G G


Chiasmolithus gigas


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


53 44 35


MMMMMMMMMMMM MMMMMMM MMMMMMMMMMMMMMMM


PP PPPP P


●●●●●●●●● ●●●●●●●●●●●●●●●●●●







GGGGGG


Chiasmolithus grandis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


67 33.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGG GGGGGGGG


Chiasmolithus oamaruensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


44 22 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●


GGGGG GGGGGGGGGGG


Chiasmolithus solitus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


64 32 0


MMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPP PPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●


Chiphragmalithus acanthodes


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


54 49.5 45


MMMM


PPP


●●●●●●●●●●●●●●●●●●●● ●●







GGG GGGGGGGGGGGGGGGGGGG


Clausicoccus fenestratus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


46 32.5 19


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


Coccolithus crassipons


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


6 3.5 1


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


●●●●●●●


GGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGG GGG


Coccolithus eopelagicus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


76 38.5 1


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGG GGGGGG


Coccolithus formosus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


54 33.5 13


MMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPP


●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●







GGGGGGGG GGGGG GGGGGGG


Coccolithus miopelagicus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


36 18 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Coccolithus pelagicus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


66 33 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM
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GGGGGGGGGGG


Coccolithus streckeri


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


8 4 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPP


●●


Coccolithus tenuistriatus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


15 10 5


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●







Coronocyclas prionion


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


59 31.5 4


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


P


●●●●●●●●●●●●●●●●●


GGGGG GGGGGG


Coronocyclus nitescens


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


52 27.5 3


MMMMMMMMMMMMM MMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP
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GG


Cribrocentrum reticulatum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


45 24 3


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPP PPPPPPPPPPPPPP


●●●●●●●●●●●●●●●


GG


Cruciplacolithus edwardsii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


65 58.5 52


MMM MMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●







G


Cruciplacolithus latipons


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


62 51.5 41


MMMMM


●● ●●●●●●●


GGGGGGGGGG


Cruciplacolithus primus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


65 59 53


MMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●


Cruciplacolithus staurion


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


54 39.5 25


MMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


P PPPPPPPPPPPPPP


●●●● ●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGG


Cruciplacolithus tenuis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


66 33 0


MMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPP PPPPP PPPPPPPPPPPPPPPPPPPPPPPPP
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GGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGG


Cyclicargolithus abisectus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


41 20.5 0
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PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PP PPPPPPPPPPPP
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GGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGG GGGGGGGGGGGGGGGGG


Cyclicargolithus floridanus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


54 27 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP
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G


Cyclicargolithus pseudogammation


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


54 48 42


MMMMMMMMMMMMMMMMM


P


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


G


Dictyococcites hesslandii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


40 22 4


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●







GGGGGGGGGGGGGGGGGGGGGGGGG


Dictyococcites productus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


21 10.5 0


MMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


P PPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


G


Dictyococcites scrippsae


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


49 24.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGG GGGGGGGGGGG


Discoaster adamanteus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


51 26 1


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPP PPPPPPPPPP PP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Discoaster asymmetricus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


26 13.5 1


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●







GGGGGGG


Discoaster barbadiensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


76 38 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●● ●●●●●●●●●●●●●●●●●●●●●●●●●


GGGG GGGGGGGGGG


Discoaster bellus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


16 9 2


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Discoaster berggrenii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


36 18.5 1


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPP PPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


Discoaster bifax


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


50 25 0


MMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPP


●● ●●●●●●●● ●●●●●●







Discoaster binodosus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


76 50 24


MMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMM


PPPPPP


●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGG


Discoaster blackstockae


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


9 5.5 2


MMMMMMMMMMM


PPPP


●●●●●●●●● ●●●


GGGGGGG GGGGGGGGGGGGGGG GGGGGG


Discoaster bollii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


17 9 1


MMMMMMMMMMMMMMMMM MMMMM MMMMMMMMMMMMMMMMMMMMMMM


PPP PPPPPPP P


●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGG G GGGGGGGGGGGGGGGG


Discoaster braarudii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


17 9.5 2


MMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMM


PPPPPPPP PPPP


●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●







GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Discoaster brouweri


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


36 18 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPP PPPPPPPPPPPPPPPP
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GGGGGG GGGGGG GGGGGGGGG


Discoaster calcaris


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


20 10.5 1


MMMMMMMMMMMMMMM MMMMM MM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPP PPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●


GGGGGGG


Discoaster challengeri


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


14 7.5 1


MMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●● ●


GGGGGGG GGGGGGGG


Discoaster decorus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


21 11.5 2


MMMMMMMMMMMMMMMMMM MMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


P P


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●● ●●●●●●●●●●







GGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG G GGGGGGGGGGGGGGGG


Discoaster deflandrei


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


54 27 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●


Discoaster diastypus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


76 38 0


MMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPP PPPPPPPPP


● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GG


Discoaster distinctus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


54 39.5 25


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMM


PPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGG


Discoaster divaricatus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


22 11 0


MMM MMMMMMMMMMMMMM


PPPPPPPPPPPPP PPP


●●●●●●●●●●







GG GGG


Discoaster druggii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


31 16.5 2


MMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMM MMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPP PPPPPPPPPPPPP PP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●


GGGGG GGGGGGGGGG GGGG GGGGGGGGGG


Discoaster exilis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


36 18.5 1


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPP PPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


G


Discoaster extensus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


13 8 3


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


Discoaster formosus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


22 16.5 11


MMMM


●●●●●●●●●●●●●●●● ●●●●●●●●●●●







GG


Discoaster gemmifer


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


52 42.5 33


MMMMMMMMMM


PP


●● ●●●●●●●●●●●


Discoaster germanicus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


56 46 36


MMMMMMM


PPP


●●●●●●●●●●


GGGGGGGGGGGGGGGGGGG


Discoaster hamatus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


15 8.5 2


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGG


Discoaster intercalaris


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 17.5 0


MMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PP PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPP PPPPPP


●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●







Discoaster kuepperi


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


76 38 0


MMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPP PPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●


GGGGG


Discoaster kugleri


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


19 11 3


MMMMMMMMMMMMMMMMMMMMMMM MMMM MMMMMMM


PPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●


G


Discoaster lenticularis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


59 50 41


MMMMMMMMM MMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPP PPPPPPPPP


●●


Discoaster lidzii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


32 24.5 17


●●●●●●●●● ●●●●●●●●●● ●●●●●●●







Discoaster lodoensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


58 29 0


MMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPP PPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●


GGGG


Discoaster loeblichii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


19 12 5


MMMMMMMM MMMMMMMMMM


P PPPPP


●● ●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●


GG


Discoaster mohleri


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


76 39.5 3


MMMMMMMMM MMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●


G


Discoaster moorei


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


22 13.5 5


MMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPP


●●●●●●● ●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●







GGG


Discoaster multiradiatus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


64 49.5 35


MMM MMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPP PPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●


Discoaster musicus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


19 14 9


M M


● ●●●●●●●●●●●●●●●●●●●●●●●●●●


GGG GGG GGGGGGGGGGGGGGG


Discoaster neohamatus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


15 8 1


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPP PPPP P


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGG


Discoaster neorectus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


14 9 4


MM


P


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●● ●●







Discoaster nephados


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


30 21 12


P


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●


G


Discoaster nobilis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


63 57 51


MM MMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPP P


●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


Discoaster nodifer


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


45 32.5 20


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●


G


Discoaster pansus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


13 7.5 2


MMMM MMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMM


PPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●● ●●●●●●●







GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Discoaster pentaradiatus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 17.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPP PPPPPPPPP PPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGG


Discoaster prepentaradiatus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


12 6.5 1


MMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PP


●●●●●●●●●●●● ●●●●●●●● ●


GG GGGGG


Discoaster pseudovariabilis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 19.5 4


MMM MMMMMMMMMMMMMMMMMMMMMMMM


P PPPP


●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●● ●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGG


Discoaster quinqueramus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 17.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPP PPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●







GGG GGGGGGGG GGG


Discoaster saipanensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


54 27 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●


Discoaster salisburgensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


59 53 47


M MMMMMMMMMMMMMM


PPPPPPPPPPPP PPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●


GGG


Discoaster saundersi


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


37 26 15


MMM


P


●●●●●●●●●●●●●●●●● ●●●●●●●●●●●● ●●●


Discoaster stellulus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


29 16.5 4


MMM


PPPPP


●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●







GGG


Discoaster strictus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


53 43 33


MMMMMMMMMMMMMMMMMM MMMMMMMMMMM


PPPPPPPPPP


●●●●●●●●●●●●●●●●●● ●●●●●●●●●


GG


Discoaster sublodoensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


53 43 33


M MMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMM


PPP PPPPPPPPPPPP PP


●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Discoaster surculus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 17.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPP
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGG


Discoaster tamalis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


9 5.5 2


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPP PPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●







GG


Discoaster tani


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


42 35 28


MMMMMMM MMMMMMMMM


●●●●●●●●●●●●●●●●●●●●●●●●●●●


GG


Discoaster trinidadensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


27 19 11


M MMMM


PP PP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Discoaster triradiatus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


10 5.5 1


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Discoaster variabilis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


36 18 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPP
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Discoaster wemmelensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


50 41.5 33


MMMMMMMMM


●● ●●●●●●●●●●●●●●●●●●●●●●


GGG


Ellipsolithus distichus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


63 48 33


MMMMM MMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPP PPPPPPP


●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●


G


Ellipsolithus lajollaensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


56 28 0


M MMMMMMMMMMMMMMMMMMMMM


PPP P


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGG


Ellipsolithus macellus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


67 58 49


MMMMMMMMMMM MMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPP PPPPPPPP PPPPPPPPPPP


●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●







GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Emiliania huxleyi


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


21 10.5 0


MMMMMMMMMMMMMMMMMMM MMMMMMMMMMMM MMMMMM


PPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●


Ericsonia ovalis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


58 41.5 25
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PPPPPPPPPPPPPPPPPPPPPPPPPPPPP
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Ericsonia robusta


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


64 56 48


MMMMMMMMMMMMMMM MMMM MMM


PPPPPPPPPPPPPPPPPPPP
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GG


Ericsonia subpertusa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


66 46.5 27
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G


Fasciculithus involutus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


61 54.5 48
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Fasciculithus pileatus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


62 58.5 55
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GGGG


Fasciculithus tympaniformis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


64 32 0
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Florisphaera profunda


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


10 5 0
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Gephyrocapsa aperta


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


15 7.5 0
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PPPPPPP PPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPP
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Gephyrocapsa caribbeanica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


10 5 0
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Gephyrocapsa oceanica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


17 8.5 0
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Gephyrocapsa sinuosa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


5 2.5 0
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●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●







GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Hayaster perplexus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 17.5 0
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PPPPP P
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G


Hayella situliformis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


38 21.5 5


MM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPP
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GG GGGGGGGGGGGGGG


Helicosphaera ampliaperta


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


51 25.5 0
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PPPPPPPP PPPPPPPPPPPPPPPPPPP
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Helicosphaera carteri


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


34 17 0
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GGGGGG GGGGGGGGGGGGGGGG


Helicosphaera compacta


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


48 35 22
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Helicosphaera euphratis


Geologic time (Ma)


pr
es


er
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tio
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co
de


41 20.5 0
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Helicosphaera granulata


Geologic time (Ma)


pr
es
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tio
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de


51 26 1
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Helicosphaera heezenii


Geologic time (Ma)


pr
es


er
va


tio
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co
de


49 42 35
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Helicosphaera hyalina


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


4 2 0
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Helicosphaera intermedia


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


42 21.5 1
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GGG


Helicosphaera lophota


Geologic time (Ma)


pr
es


er
va


tio
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co
de


54 45.5 37
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Helicosphaera neogranulata


Geologic time (Ma)


pr
es
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tio
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de


6 3 0


MMMMMMMMMMMMMMMMMMMMMMMMMMM


P


●●●●●●●●●●●● ●●●●●●●●●●●●●●●







Helicosphaera obliqua


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


51 31 11
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Helicosphaera perch−nielseniae


Geologic time (Ma)


pr
es


er
va


tio
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co
de


33 24 15
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Helicosphaera recta


Geologic time (Ma)
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de


38 27.5 17
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Helicosphaera reticulata


Geologic time (Ma)
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44 23.5 3
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Helicosphaera scissura


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


22 12 2


● ●●●●●●●●●●●●●●●●●
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Helicosphaera sellii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


45 22.5 0
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G GG


Helicosphaera seminulum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


59 46 33
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GGGGGGGGGG


Helicosphaera wallichii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


9 4.5 0
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GG


Heliolithus kleinpellii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


63 31.5 0
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G


Heliolithus riedelii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


63 58 53
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GG GGGGGGGGGGGGGGGGGGGG


Isthmolithus recurvus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


41 20.5 0
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GGGG


Kamptnerius magnificus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


96 72 48


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPP
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GGGGG


Lanternithus minutus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


48 38.5 29
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Lithostromation perdurum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


49 25.5 2


MMMMMMM M


PPP


●●●●●●


Lophodolithus nascens


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


67 33.5 0
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Markalius apertus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


65 50 35
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GG


Markalius astroporus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


66 50 34
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Markalius inversus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


118 59 0
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G


Minylitha convallis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


15 7.5 0
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Nannotetrina cristata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


49 41 33
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PPPP PPP
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Nannotetrina fulgens


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


54 39.5 25
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PP


●●●●●●● ●●●●●●


GGG


Neochiastozygus concinnus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


66 58 50
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Neochiastozygus junctus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


63 56.5 50
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●●●● ●●●●●●●●●●●●●●●●●●


Neochiastozygus perfectus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


63 60 57
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GGGG GGGGGGGGGGGGGGGGG


Neococcolithes dubius


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


67 33.5 0
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GG


Neococcolithes protenus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


63 54.5 46
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Oolithotus fragilis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


6 3 0
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GGGGGGGGGGG


Orthorhabdus serratus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


51 26.5 2
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G


Pedinocyclus larvalis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


52 40 28
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Peritrachelina joidesa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 31 27
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Pontosphaera discopora


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


23 11.5 0
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Pontosphaera japonica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


18 9 0
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Pontosphaera multipora


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


50 25 0
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Pontosphaera plana


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


59 29.5 0
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GGG


Prediscosphaera cretacea


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


135 67.5 0
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Prinsius bisulcus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


66 54 42
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Pseudoemiliania lacunosa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


6 3 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGG


Pyrocyclus inversus


Geologic time (Ma)


pr
es
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va


tio
n 


co
de


47 25.5 4


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


P


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●


GGGG


Pyrocyclus orangensis


Geologic time (Ma)


pr
es
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va


tio
n 


co
de


42 22.5 3
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Reticulofenestra asanoi


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


6 3 0
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Reticulofenestra bisecta


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


46 23 0
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PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPP P PP
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G GGGG


Reticulofenestra dictyoda


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


54 27 0


MMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PP PPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPP
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GGGGGGGGGGGGGGGGGG


Reticulofenestra gelida


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


34 17 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPP
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GGGGGGG


Reticulofenestra hampdenensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


48 24 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PP
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Reticulofenestra haqii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


51 26 1


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP
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G GGGGGGGGGGG GGGGG


Reticulofenestra hillae


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


54 27 0


MMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPP PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPP
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Reticulofenestra insignata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


38 28.5 19


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MM


PPPPPPPPPPPPPPPPPP
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GGGGGGGGGGGGGGGGG


Reticulofenestra lockeri


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


39 21.5 4


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMM


PP
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GGGGGGG


Reticulofenestra minuta


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


51 25.5 0


MMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP
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GGGGGG


Reticulofenestra minutula


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


51 25.5 0


MMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●


Reticulofenestra oamaruensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


41 32.5 24


MMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPP


●●●●●●●●● ●●●●●●


GGG GGGGGGGGGGGGG


Reticulofenestra pseudoumbilicus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


16 8.5 1


MMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPP
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GGGGGGGGGG GGGGGGGGGGGGG


Reticulofenestra samodurovii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


54 33 12


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPP PPP PPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●


GGG


Reticulofenestra umbilicus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


48 24 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGG


Rhabdosphaera clavigera


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


15 7.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


P PPPPPPPPPPPPPPPPPPPP
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GG


Rhabdosphaera inflata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


50 47 44


MMMMMMMM


PPPPPPP


●●●●●●●●●●●●







G


Rhabdosphaera longistylis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


6 3 0


MMMMMMMMMMMM


●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Rhabdosphaera procera


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


7 3.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMM
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GGGGGGGGGGGGGGGGGGG


Rhabdosphaera stylifer


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


5 2.5 0


MM
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GGGG GGGGG


Scyphosphaera amphora


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


12 6.5 1


MMM


●●●●●●●●● ●●







GGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGG


Scyphosphaera apsteinii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


31 15.5 0


MMMMMMMMMMMMMMMMMMMMMMM MM


PPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●


Scyphosphaera aranta


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


6 3 0


●●●●●●●●●●●●●●●


GGGGG


Scyphosphaera conica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


12 7 2


MMMMMMMMMMMM


●●●●●●●●●●●●●●●●●●●●●●●


GG


Scyphosphaera cylindrica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


12 7.5 3


MMMMMMMM


●●●●●●●●●●●●







Scyphosphaera deflandrei


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


12 6 0


●●●●●●●●●●●●●●●●●●●


Scyphosphaera expansa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


58 41.5 25


●● ●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGG


Scyphosphaera globulata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


19 9.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


Scyphosphaera globulosa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


12 6 0


●●●●●●●●●●●●●●●●●●●●●







GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Scyphosphaera intermedia


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


13 7.5 2


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


●●●●●●●●● ●●


Scyphosphaera piriformis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


17 8.5 0


●●●●●●●●●●●●●●●●●●●●●●●●●


G


Scyphosphaera procera


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


12 6 0


MMMMMM


PPPPPP


●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGG


Scyphosphaera pulcherrima


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


15 7.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM M


PPP
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Scyphosphaera recurvata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


32 16 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


●●●●●●●●●●●● ●●●●●


Scyphosphaera ventriosa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


6 3.5 1


●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Sphenolithus abies


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


41 20.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●


Sphenolithus anarrhopus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


60 55 50


MMMMMMMMMM MMMMMMMMM


PPPPPPPPPP PPPPPPPPP
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G


Sphenolithus belemnos


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


27 17 7


MMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPP PP
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GGG GGG GGGGGGGGG


Sphenolithus ciperoensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 26 17


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPP PPPP
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Sphenolithus compactus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


51 28.5 6
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Sphenolithus conicus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


56 31 6


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPP PPPP
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GGGGGGGGGGGGGGGGGG


Sphenolithus conspicuus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


54 27 0


MMMMMMMMMMM


PPPP


G


Sphenolithus delphix


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


30 24 18


MMMMMMMMMM


PPPPPPPP
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GGGGG


Sphenolithus dissimilis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


51 28.5 6


MMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP P


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●


GGGGGG GGGGGGGGGGGGGGGGGGGGG GGGGGG


Sphenolithus distentus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


37 28 19


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP
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GGG G


Sphenolithus furcatolithoides


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


50 37.5 25


MMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPP PPPPPPPPPPPPPPP
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GGGGGGG GGG GG


Sphenolithus heteromorphus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


36 18.5 1


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPP PPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PP
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Sphenolithus intercalaris


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


43 38 33


M MMMMMMMMMMMMM


PP
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GGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Sphenolithus moriformis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


60 30 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GG


Sphenolithus neoabies


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


25 12.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●


Sphenolithus obtusus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


49 34.5 20
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GGGGGGG GGGGGGGGGGGGGGGG GGGGG


Sphenolithus predistentus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


44 22.5 1


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPP
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GGG


Sphenolithus primus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


64 58 52


MMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMM
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GGGGGGG


Sphenolithus pseudoradians


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


49 37 25


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPP
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GGGGG


Sphenolithus radians


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


67 33.5 0
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PPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPP
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GGGGG


Sphenolithus spiniger


Geologic time (Ma)


pr
es


er
va


tio
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co
de


51 42 33


MMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PP PPPPPPPPPPP PPPPPPPPPPPPPPPP
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GGGG


Sphenolithus tribulosus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


34 26.5 19


MMMMM
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Striatococcolithus pacificanus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


53 35.5 18


MMMMMMMMMMM MMMMMMMMMMMMM


PPPPPPPPPPP
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GGGGGGGGGGGGGGGGGGGGGGGGGG


Syracosphaera histrica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


13 6.5 0
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG G GGGGGGGGGGGGGGGGGGGGGGGGG


Syracosphaera pulchra


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


14 7 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM
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GGGGGGGGGGGGGGGGG


Thoracosphaera deflandrei


Geologic time (Ma)


pr
es


er
va


tio
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co
de


65 32.5 0
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PPPPP PP PPPPPP
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Thoracosphaera heimii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


47 23.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM M
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GGGGG


Thoracosphaera operculata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


66 33 0


MMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPP PPPPPPPPPPPPPPP
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGG


Thoracosphaera saxea


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


65 32.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMM


PPPPPPPPPPP PPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPP
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Toweius craticulus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


63 55 47


MMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPP PPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●







GGGG


Toweius eminens


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


64 56 48


MMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPP PPPPPPPPP PPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●


Toweius gammation


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


54 49 44


MMMM MMMMMMM


PPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●● ●


Toweius magnicrassus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


56 28 0


MMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPP PPPPPPPP


●●●●●●●●●●●●●●


GGGGG


Toweius pertusus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


64 32 0


MMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


P PPPPPPPP


●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●● ●●●●●●●●●●●●●







GG


Toweius tovae


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


61 56 51


MMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPP


●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●


G


Transversopontis fimbriatus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


54 47 40


MMMMMM MMM


P


●●


Tribrachiatus orthostylus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


76 50.5 25


MMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●


GG GGGGGGGGGG


Triquetrorhabdulus carinatus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


46 23 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●







Triquetrorhabdulus milowii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


30 16 2


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPP


●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Triquetrorhabdulus rugosus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 18.5 2


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Umbellosphaera irregularis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


9 4.5 0


MM MMM


PPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGG


Umbilicosphaera mirabilis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


15 7.5 0


MMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPP PPPPPPPPPPPPPPPPPPPP
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Umbilicosphaera sibogae


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


25 12.5 0


MMMMMMMMMMMM


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●


G


Watznaueria barnesae


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


148 74 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


P


●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGG


Zygrhablithus bijugatus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


58 29 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP
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G


Birkelundia arenosa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


44 39 34


MMMMMMMMMMMMMMMMMMMM







Calcidiscus kingii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


47 35.5 24


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPP


Chiasmolithus eograndis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


64 32 0


MMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPP PPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●


GGG


Chiasmolithus titus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


52 42 32


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPP PPPPPPPPPPPPPPPPPPP


●●●● ●


Clausicoccus cribellum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


49 44 39


MMMMMMMMMMMM


PPP







G


Coccolithus cavus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


65 33 1


MMMMMMMMMMMMM MMMMMM


PPPPPP


●


GGG


Coronocyclus nitiscens


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


44 37 30


MMMMMMMMMMMMMMMMMMMM


Cribrocentrum coenurum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


43 39.5 36


●●●●●●●●● ●●●●●●●●●●●●●


Cruciplacolithus notus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


65 60 55


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●







Cyclicargolithus luminis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


50 41.5 33


●●●●●●●●●●●●


Discoaster cruciformis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


52 26 0


MMMMMM MMMMMMMMM


PPPP PPPP


●●


Discoaster falcatus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


59 54.5 50


MMM MMMMMMMMMMMMMMM


P


Discoaster mediosus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


63 57.5 52


MMMMMMMMMM MMMMMMMMMMMMM


P


●







Discoaster mirus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


54 30 6


MMMM


PPPPPPPP


●●●●●●●●●●●●●●●●●●


GGG


Discoaster misconceptus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


11 6.5 2


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP


Discoaster nonaradiatus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


48 45.5 43


P


●●●●●●●●●●●●●●


Discoaster petaliformis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


18 10.5 3


M


●●●●●●●●●●●●●●●●●●●●●●







Ellipsolithus bollii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


62 59 56


●●●●●●●●●●●●●●●●●●●●●● ●●●


Helicosphaera acuta


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


17 10 3


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGG


Helicosphaera bramlettei


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


44 35.5 27


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMM


P


●


Hornibrookina australis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


64 58 52


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


●●●●







GGGGGGGGGGGG


Hornibrookina teuriensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


66 61 56


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


P


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●


Ilselithina fusa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


31 27 23


MMMMMMMMMMMMMM


●●●●●●●●●●


Micrantholithus flos


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


49 38 27


MMMMMMMMMMMMMMMMMMMMMM MMMMMM


P


Neochiastozygus distentus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


63 56.5 50


MMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


●●●●●●●●●●●●●●●







Pontosphaera indooceanica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


10 5 0


MMMMMMMMMMM


●●●●●●●●●●●●●●●●


Pontosphaera ovata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


33 28 23


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


Pontosphaera pulchra


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


55 49 43


MMMMMMMMMMM


PPPPP


Pontosphaera rimosa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


59 43.5 28


MMMMM MMM


PPPPPP


●●●







GGGGGGGGGG GGG


Pontosphaera segmenta


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


47 35 23


MMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPP


GGGG


Prinsius martinii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


66 59 52


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●


GG


Pyrocyclus hermosus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


36 20 4


MMMMMMMMMMM


P


●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGG


Reticulofenestra daviesii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


49 26.5 4


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●







Reticulofenestra doronicoides


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


9 4.5 0


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGG


Rhabdosphaera vitrea


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


52 39.5 27


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


P


Scapholithus rhombiformis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


63 52.5 42
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Sphenolithus editus


Geologic time (Ma)


pr
es


er
va
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de


54 45.5 37
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Toweius callosus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


64 44.5 25
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Toweius crassus


Geologic time (Ma)


pr
es


er
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tio
n 


co
de


55 51 47
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Triquetrorhabdulus auritus


Geologic time (Ma)


pr
es


er
va


tio
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co
de


29 21.5 14
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Zygodiscus adamas


Geologic time (Ma)


pr
es


er
va


tio
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co
de


63 55.5 48
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Zygodiscus herlynii


Geologic time (Ma)


pr
es


er
va


tio
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co
de


59 55.5 52
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Amithalithina sigmundii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


54 48 42
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PP


Bicolumnus ovatus


Geologic time (Ma)


pr
es


er
va


tio
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co
de


37 29.5 22
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Cruciplacolithus tarquinius


Geologic time (Ma)


pr
es
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tio
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co
de


43 34 25
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Nannotetrina alata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


47 43.5 40
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Pontosphaera formosa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


47 41.5 36
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Pseudotriquetrorhabdulus inversus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


49 24.5 0
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Reticulofenestra clatrata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


41 36.5 32
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Supplementary Material: Radiolarians 


We first present plots of each of our model (“hat”) fits to each radiolarian species. 


Vertical bars show the observed proportion of sites occupied by the species in 2 Myr 


bins. Dotted curves are the fitted curves. The labels “S” and “T” on each plot show the 


inflection points for the rise and fall of species (see model under methods), respectively. 


Following the species “hat”, we show plots of the time period over which samples are 


available for each species and the temporal distribution of preservation status 


(preservation codes G for “good,” M for “moderate” and P for “poor” and gray closed 


circles for samples with no preservation state coded). The first set of plots does not 


overlap completely with the second set because we have no preservation information for 


a few species. 


 


Note that our model does not fit all species perfectly and that the parameter 0p  deals with 


cases such as Calocycletta virginis which has occurrence around 58 Ma, even though the 


bulk of its occurrences are in the Neogene with no intervening time periods where it 


occurs. For Amphymenium splendiarmatum we could have fit the single “hat” over the 


earlier occurrences, hence the plotted solution only happens to be what is optimal based 


on the group effects. 
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Saturnalis circularis  (177)
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Sethochytris babylonis  (77)
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Sethochytris triconiscus  (39)
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Siphocampe arachnea  (45)
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Siphocampe nodosaria  (61)
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Siphocampe imbricata  (23)
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Siphocampe pachyderma  (11)
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Siphonosphaera vesuvius  (25)
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Siphostichartus corona  (397)
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Solenosphaera omnitubus  (212)
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Sphaeropyle langii  (122)
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Sphaeropyle robusta  (219)
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Spirocyrtis gyroscalaris  (39)
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Spirocyrtis subtilis  (77)
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Spongatractus pachystylus  (15)


Geologic time (Ma)


0.
0


0.
4


0.
8


60 40 20 0


S T







Spongodiscus ambus  (47)


P
ro


p.
 p


re
se


nt


0.
0


0.
4


0.
8


60 40 20 0


ST


Spongodiscus craticulatus  (39)
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Spongodiscus osculosus  (133)
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Spongomelissa dilli  (13)
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Spongaster berminghami  (149)
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Spongaster tetras  (257)
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Spongocore puella  (68)
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Spongotrochus glacialis  (179)
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Spongurus pylomaticus  (17)
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Stauroxiphos communis  (61)
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Stichocorys armata  (57)
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Stichocorys delmontensis  (800)
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Stichocorys wolffii  (281)
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Stylatractus coronatus  (51)
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Stylatractus neptunus  (92)
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Stylatractus santaennae  (75)
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Stylatractus universus  (546)
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Stylatractus transparum  (21)
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Stylodictya targaeformis  (20)
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Stylodictya validispina  (21)
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Stylosphaera angelina  (140)
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Stylosphaera hispida  (12)
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Stylacontarium acquilonium  (252)
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Stylacontarium bispiculum  (113)
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Theocotylissa ficus  (45)


P
ro


p.
 p


re
se


nt


0.
0


0.
4


0.
8


60 40 20 0


S T


Thecosphaera japonica  (16)
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Theocyrtis annosa  (90)
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Theocyrtis tuberosa  (74)
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Theocorys redondoensis  (186)
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Theocorys spongoconus  (75)
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Theocorythium trachelium  (66)
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Theocorythium vetulum  (192)
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Tholospyris anthopora  (19)


P
ro


p.
 p


re
se


nt


0.
0


0.
4


0.
8


60 40 20 0


S T


Tholospyris mammilaris  (23)
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Thyrsocyrtis bromia  (44)
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Thyrsocyrtis hirsuta  (13)
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Thyrsocyrtis rhizodon  (50)
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Thyrsocyrtis tensa  (12)
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Thyrsocyrtis tetracantha  (39)
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Thyrsocyrtis triacantha  (93)
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Triceraspyris antarctica  (47)
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Triceraspyris coronata  (53)
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Tricolocapsa papillosa  (73)
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Tripilidium clavipes  (18)
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Tristylospyris triceros  (74)
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Velicucullus altus  (19)
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Acrosphaera spinosa


Geologic time (Ma)
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Actinomma delicatulum


Geologic time (Ma)
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59 29.5 0
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Actinomma golownini


Geologic time (Ma)
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Actinomma kerguelenensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 29.5 24
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Actinomma magnifenestra


Geologic time (Ma)
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Actinomma medianum
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Actinomma medusa


Geologic time (Ma)
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Actinomma popofskii


Geologic time (Ma)
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11 5.5 0
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Amphirhopalum ypsilon
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Amphistylus angelinus


Geologic time (Ma)
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Amphymenium amphistylium
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Amphymenium splendiarmatum
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47 35.5 24
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Anomalacantha dentata


Geologic time (Ma)
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33 16.5 0
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Antarctissa cylindrica
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Antarctissa deflandrei
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Antarctissa denticulata
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Antarctissa longa


Geologic time (Ma)
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10 5 0
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Antarctissa robusta
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Antarctissa strelkovi
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Anthocyrtella callopisma


Geologic time (Ma)
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Anthocyrtidium ehrenbergi


Geologic time (Ma)
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Anthocyrtidium jenghisi
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Anthocyrtidium michelinae
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Anthocyrtidium nosicaae


Geologic time (Ma)
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Anthocyrtidium pliocenica


Geologic time (Ma)
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Artobotrys auriculaleporis
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47 40 33


MMMM


PP


●●●●●●●●●


GGGGGGGGGGGGGG


Artophormis barbadensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


41 32 23


MMMMMM


P


●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Artophormis gracilis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


39 26.5 14
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PPPPPPPPPPPPPPPPPPPP
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Artostrobus annulatus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


59 29.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPP
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Axoprunum angelinum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


23 11.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM
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●●●


GGGGGGGGGGGGGGGG


Axoprunum pierinae


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


47 36.5 26


MMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPP
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Bathropyramis woodringi


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


23 11.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPP
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GGGGGGGGGGGGGGGGGGGGG


Bekomiforma mynx


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


20 10.5 1


●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Botryopera triloba


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


13 6.5 0


MMMMMMMMMMMMMMMMMMMM


PP


●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Botryopyle dictyocephalus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


37 22.5 8


MMMMMMMMMMMMMMMMM


PPP
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Botryostrobus aquilonaris


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


10 5 0
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Botryostrobus auritus−australis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


31 15.5 0
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Botryostrobus bramlettei


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


15 7.5 0
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Botryostrobus joides


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


34 28.5 23


●●●●●●●●●●●●
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Botryostrobus miralestensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


30 15 0
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GGGGGGGG


Botryostrobus tumidulus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


13 6.5 0


MMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP
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Buryella clinata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


51 40 29


MMMMMMMMMMMMM


PPPPPPPPP


GGGGGGGGGGGGG


Calocyclas asperum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


40 32 24


MMMMMM


PPP


●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Calocyclas hispida


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


47 35 23


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM
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Calocyclas turris


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


41 35 29


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PP


●●●●●●●●●


GGGGGGGGGGGGGGGGGG


Calocycletta acanthocephala


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


40 24.5 9


MMMM


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Calocycletta caepa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


21 10.5 0
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Calocycletta costata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


30 16 2


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPP
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GGGGGGGGGGGGGGGGGGGGGGG


Calocycletta robusta


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


33 19.5 6
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PPPPPPPPPP
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G


Calocycletta serrata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


25 22 19


MMMM


PPPPP
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Calocycletta virginis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


57 29.5 2
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PPPPPPPPPP
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Carpocanopsis bramlettei


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


38 20 2
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PPPPP
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GGGGGGGGGGGGGGGGGGGGGGGGGGGG


Carpocanopsis cingulata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


26 16 6


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPP
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GGGGGGGGGGGGGGGGGGGGGGGG


Carpocanopsis cristata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


21 15 9


MMMMMM
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Carpocanopsis favosa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


26 19 12


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


P


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


Cenosphaera cristata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


19 10 1
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GGGGGGGGGGGGGGGGGGGGGGGG


Cenosphaera oceanica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


47 34.5 22


MMMMMMM


PP


GG


Centrobotrys petrushevskayae


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


37 28.5 20


M


●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGG


Centrobotrys thermophila


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


37 18.5 0
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GGGGGGGGGGGGGGG


Ceratocyrtis amplus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


34 25 16


M


●●●







GGGGGGGGGGGGGGG


Ceratocyrtis histricosa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


12 6.5 1


MMMMMMMM
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Ceratocyrtis mashae


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 22.5 10
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Ceratocyrtis stigi


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


34 18.5 3
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PPPPPPPPPP


●●●●●●●●●●●●●●●●
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Circodiscus ellipticus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


21 14.5 8
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Cornutella profunda


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


59 29.5 0
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Corythospyris fiscella


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


26 20 14


MMMMMM


PPPPPPP


●●●


GGGGGGGGGGGGGGGGG


Cryptocarpium azyx


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


41 35.5 30


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


P
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GGGGGGGGGGGGGGGGGGGGGG


Cryptocarpium ornatum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


44 33.5 23
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P
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Cycladophora bicornis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


36 18 0
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Cycladophora cabrilloensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


34 17.5 1
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Cycladophora conica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


34 22 10
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PPPP
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Cycladophora cosma cosma


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


18 9 0
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Cycladophora davisiana


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


14 7 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Cycladophora golli


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


24 17.5 11
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Cycladophora humerus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


23 13 3
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Cycladophora pliocenica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


58 29 0
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Cycladophora spongothorax


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


18 10 2
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Cyrtocapsella cornuta


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


59 29.5 0
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Cyrtocapsella elongata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


22 15.5 9
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Cyrtocapsella japonica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


59 29.5 0
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Cyrtocapsella longithorax


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


36 21 6
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Cyrtocapsella robusta


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


38 28.5 19
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Cyrtocapsella tetrapera


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


59 29.5 0
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Cyrtolagena laguncula


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


33 16.5 0
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Dendrospyris binapertonis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


42 32.5 23
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Dendrospyris bursa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


28 15 2
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PP
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Dendrospyris damaecornis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


39 22.5 6


MMMMMMMMMMMMMMMMMMMMMMMMMMMM
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●


Dendrospyris fragoides


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


42 32.5 23
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PPP


●
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Dendrospyris megalocephalis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


20 14.5 9
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Dendrospyris pannosa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


42 32.5 23
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Dendrospyris stabilis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


37 21 5
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Desmospyris rhodospyroides


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


24 13 2
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Desmospyris spongiosa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


30 15 0
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Diartus hughesi


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


13 6.5 0
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Diartus petterssoni


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


17 9 1
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Dictyocoryne ontongensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


14 8 2
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GGGGGGGGGGGGGGG


Dictyophimus callosus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


43 34.5 26


MMMMM


G


Dictyophimus craticula


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


50 25 0
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Dictyophimus crisiae


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


19 9.5 0
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Dictyophimus hirundo


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


10 5 0
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Dictyophimus pocillum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


44 33 22
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Dictyophimus splendens


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


14 7 0
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Dictyoprora amphora


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


54 38.5 23
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Dictyoprora armadillo


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


42 32.5 23
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Dictyoprora mongolfieri


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


52 37.5 23


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


Dictyoprora ovata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


42 32.5 23
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Dictyoprora pirum


Geologic time (Ma)


pr
es


er
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tio
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de


42 32.5 23


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPP


●●●●●●●●●●●


GGGGGGGGGGG


Dictyoprora urceolus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


50 36.5 23
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Didymocyrtis antepenultima


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


20 10 0
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Didymocyrtis avita


Geologic time (Ma)


pr
es


er
va


tio
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de


13 6.5 0
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Didymocyrtis bassanii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


25 19.5 14
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Didymocyrtis didymus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


9 4.5 0
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Didymocyrtis laticonus


Geologic time (Ma)


pr
es


er
va


tio
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co
de


21 10.5 0
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Didymocyrtis mammifera


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


19 13.5 8
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Didymocyrtis penultima


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


11 5.5 0
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Didymocyrtis prismatica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


57 32.5 8
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Didymocyrtis tetrathalamus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


9 4.5 0
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Didymocyrtis tubaria


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


57 33 9
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Didymocyrtis violina


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


57 32.5 8


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPP
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Dorcadospyris alata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


31 16 1
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Dorcadospyris ateuchus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


42 23.5 5
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Dorcadospyris circulus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 28.5 22


MMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPP


●●


G


Dorcadospyris confluens


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


47 35 23


MMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPP


●


Dorcadospyris costatescens


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


38 30.5 23
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PP


●







GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Dorcadospyris dentata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


31 21 11
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P


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Dorcadospyris forcipata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 24.5 14


MMMMMMMMMMMMMMM


PPPPP
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Dorcadospyris papilio


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


31 25 19


MMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPP


●


G


Dorcadospyris pentagona


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


38 26.5 15


MMMMMMMMMMMMMMMMMMMMMMM
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●







GG


Dorcadospyris platyacantha


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


42 35 28


MMMMMMMMMMMMMM


PP
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GGGGGG


Dorcadospyris quadripes


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


38 33 28


MMMMMMMMMMMMMMMM


PPPPP


GGG


Dorcadospyris riedeli


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 29 23


MMMMMMM


PPP


●
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Dorcadospyris simplex


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


42 27 12
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PPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
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Dorcadospyris triceros


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


41 33.5 26
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Druppatractus hastatus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


32 17 2
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GGGGGGGGGGGGGGGGG


Euchitonia furcata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


58 29 0
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Eucyrtidium acuminatum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


16 8 0
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GGGGGGGGGGGGGGGGGGGGGGGGG


Eucyrtidium anomalum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


12 6 0


MMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPP


GGGGGGGGGGGGG


Eucyrtidium antiquum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


34 29 24
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P


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Eucyrtidium biconicum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


12 7 2
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Eucyrtidium calvertense


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


58 29 0
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GGGGGGGGGGGGGGGGGGG


Eucyrtidium cheni


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


36 30 24
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Eucyrtidium cienkowskii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


29 14.5 0
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Eucyrtidium diaphanes


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


31 21.5 12
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PPPPPP
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Eucyrtidium hexagonatum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


13 6.5 0
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Eucyrtidium inflatum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


15 8 1
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PPPPPP
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Eucyrtidium infundibulum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


12 6 0
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Eucyrtidium pseudoinflatum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


12 7 2
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Eucyrtidium punctatum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


19 9.5 0
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GGGGGGGGGGGGGGGGGGGGGGGGGGGG


Eucyrtidium teuscheri


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


25 12.5 0
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Eusyringium fistuligerum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


51 37 23
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Eusyringium lagena


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


50 44.5 39
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Giraffospyris didiceros


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


42 32.5 23


MMMMMMMMMMMMMMM







Giraffospyris laterispina


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


42 32.5 23
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PPPPP


●
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Gondwanaria deflandrei


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


36 23.5 11
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Gondwanaria japonica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


26 16 6


MMMMMM
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Haeckeliella inconstans


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


10 5 0
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GGGGGGGGGGGGGGGGGGG


Haliommetta miocenica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


11 5.5 0
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Heliodiscus asteriscus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


59 29.5 0
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Helotholus praevema


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


10 6.5 3
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PPPP
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Histiastrum martinianum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


40 29.5 19
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GGGGGGGGGGGGGGGGGGGGGG


Lamprocyclas aegles


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


17 8.5 0
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Lamprocyclas hannai


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


14 7 0
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GGGGGGGGGGG


Lamprocyclas margatensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


11 6 1
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Lamprocyclas maritalis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


18 9 0
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Lamprocyrtis daniellae


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


8 4.5 1


M


PP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Lamprocyrtis heteroporos


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


11 5.5 0
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Lamprocyrtis neoheteroporos


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


7 3.5 0
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Lamprocyrtis nigriniae


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


4 2 0
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Lampromitra coronata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


21 12 3


MMMMMMMMMMMMMMMMMMMMMMMMMM


PPPP


●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Larcopyle butschlii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


27 13.5 0


MMMMMMMMMMMM


PPPPP


●●●●


GGGGGGGGG


Larcospira quadrangula


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


8 4 0


MMMMMMMMMMMMMM


PPPPPPPPPPP


●


Lipmanella bombus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


38 30 22


●●●●●●●●●●●●●●●●●●●●●●●●●●●●







GGGGGGGGGGGGGGGGGGGGG


Lipmanella dictyoceras


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


14 7 0


MMMMMMMM


PP


Liriospyris clathrata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


42 32.5 23


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPP


●


GGGGGGGGGGGGGGGGGGG


Liriospyris elevata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


29 19 9


MMMM


Liriospyris geniculosa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


42 32.5 23


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPP


●●







GGGGGG


Liriospyris mutuaria


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


40 25.5 11


MMMMMMMMMMMMMMMMMM


PPPPP


●●●


GGGGG


Liriospyris ovalis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


18 9 0


MMMMMMMM


PPPPPPPPPPPP


GGGGGGG


Liriospyris parkerae


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


17 9.5 2


MMMMMMMMMMMMMMMMM


PP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGG


Liriospyris stauropora


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


29 15.5 2


MMMMMMMMMMMMMMMMMMMMMMM


PPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●







Lithapium anoectum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


50 42 34


MMM


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


Lithapium mitra


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


44 33.5 23


●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGG


Lithatractus timmsi


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


21 11.5 2


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPP


●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Lithelius minor


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


20 10 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPP







GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Lithochytris vespertilio


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


51 39.5 28


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


Lithocircus toxaria


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


17 13.5 10


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Lithocyclia angusta


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


37 30 23


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Lithocyclia aristotelis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


41 32 23


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPP


●●●●●●●●●●●●●●●●●●●







GGGGGGGGG


Lithocyclia crux


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


37 31.5 26


MMMMMMMMMMMMMMMMMMMM


PPP


●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Lithocyclia ocellus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


54 38.5 23


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Lithomelissa challengerae


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


34 29 24


MMMMMMMMMMMM


GGGGGGGG


Lithomelissa ehrenbergii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 22.5 10


MMMMMMM


PPP







GGGGGGGGGGGGGGGGGGGGGGGG


Lithomelissa robusta


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 27 19


M


PPP


GGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Lithomelissa sphaerocephalis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


39 31.5 24


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPP


●●


GGGGGGGGGGG


Lithomelissa tricornis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 29.5 24


MMMMMMM


Lithomelissa ultima


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


8 4.5 1


MMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPP







GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Lithopera bacca


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


13 6.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGG


Lithopera baueri


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


19 14 9


MMMMMMMMM


●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Lithopera neotera


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


57 28.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Lithopera renzae


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


88 45 2


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●







GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Lithopera thornburgi


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


28 18.5 9


MMMMMMMMMMMMMMMMMMMMM


P


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGG


Lophocyrtis biaurita


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


51 34.5 18


MMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGG


Lophocyrtis brachythorax


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


24 15.5 7


MMMMMMM


●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGG


Lophocyrtis jacchia


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


47 38 29


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPP


●●●●●●●●●●●●●●●●●●







GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Lophocyrtis leptetrum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


23 17.5 12


MMMMM


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGG


Lophocyrtis longiventer


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


36 29.5 23


●●●●●●●●


GGGGGGGGGGG


Lophocyrtis milowi


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


37 28.5 20


MMMMMMMMMMMMMMMM


PPP


●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Lophocyrtis neatum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


12 6 0


MMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●







GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Lophocyrtis pegetrum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 25.5 16


MMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGG


Lophocyrtis tanythorax


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


17 12.5 8


MM


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Lychnocanium conicum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


42 25.5 9


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPP


●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Lychnocanoma amphitrite


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


46 28 10


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●







GGGGGGGGGGGGGGGGGGGGGGGGGG


Lychnocanoma bellum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


47 31.5 16


MMMMMMMMMMMMMMMMMMMMM


P


●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Lychnocanoma elongata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


57 36 15


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Lychnocanoma grande


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


18 9 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP


●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Lychnocanoma nipponica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


14 7 0


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●







GGG


Pentapylonium implicatum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


10 5 0


MMMMMMM


PPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGG


Periphaena decora


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


46 34.5 23


MMMMMMMM


PPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGG


Periphaena heliasteriscus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


47 35 23


MMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPP


●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Peripyramis circumtexta


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


26 13 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPP


●●●●●●●●●







G


Phormocyrtis embolum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


54 47 40


MMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGG


Phormocyrtis striata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


51 34.5 18


MMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Phormostichoartus corbula


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


22 11 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP
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Phormostichoartus crustula


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


12 6 0
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Phormostichoartus doliolum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


15 8 1


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM
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Phormostichoartus fistula


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


23 11.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM
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GGGGGGGGGGGGGG


Phormostichoartus furcaspiculata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


11 5.5 0


MMMMM


PPP


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Phormostichoartus marylandicus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


37 19 1


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●







GG


Phormostichoartus pitomorphus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


6 3 0


MMMMMMMMM


PPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGG


Phormostichoartus platycephala


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


13 6.5 0


MMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPP


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Phorticium clevei


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


19 9.5 0


MMMMMMMMMMMMMMMMMMMMMMM


PPP


●


GG


Podocyrtis ampla


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


50 41.5 33


MMMMMMMMM


P


●●●







GGGGGG


Podocyrtis chalara


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


44 37 30


MMMMMMMMMMMMMMMMM


PPPP


●●●●●


Podocyrtis diamesa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


54 41 28


MMMMMMMMMM


PPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●


GGGGGGG


Podocyrtis dorus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


51 47 43


M


PPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●


GGGGGGGGG


Podocyrtis fasciolata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


45 41 37


MMMMMMMM


P


●●●●●







GGGGGGGGGGGGGGGGGGGGGG


Podocyrtis mitra


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


46 34.5 23


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPP


●●●●●●●●●●●●●●●●●●


GGGGGGGGGGG


Podocyrtis papalis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


50 43 36


MMM


PPPPPP


GGGGGGGGGGGGGGGGG


Podocyrtis sinuosa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


50 36.5 23


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGG


Podocyrtis trachodes


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


46 37.5 29


MMMMMMMMMMMMMM


P


●●●●●







GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Prunopyle antarctica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


10 5 0


MMMMMMMMMMMMM


GGGGGGGGGGGGGGGGGGGGGGGGGGGG


Prunopyle frakesi


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 20.5 6


MMMMM


PP


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Prunopyle hayesi


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


39 20.5 2


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Prunopyle polyacantha


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 17.5 0


MMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP


●●●●







GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Prunopyle tetrapila


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


33 16.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPP


●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Prunopyle titan


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


26 13 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGG


Prunopyle trypopyrena


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 19.5 4


MMMM


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Pseudocubus vema


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


30 15 0


MMMMMMMMMMMMMMMMMMMMM


PPPP


●●●●●







GGGGGGGGGGGGGGGGGGGGGGGGGGGG


Pseudodictyophimus gracilipes


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


26 13 0


MMMMMMMM


●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Pseudodictyophimus horrida


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


36 23 10


MMMMMMMMMMMM


PP


●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Pterocanium audax


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


37 18.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Pterocanium charybdeum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


15 7.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPP


●●●●●●●







GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Pterocanium korotnevi


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


17 8.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPP


●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Pterocanium praetextum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


10 5 0


MMM


PPPPPPPP


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Pterocanium prismatium


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


9 4.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Pterocorys campanula


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


9 4.5 0


MMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPP







GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Pterocorys clausus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


13 6.5 0


MMMMMMMM


●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Pterocorys zancleus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


8 4 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPP


●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Rhizosphaera antarctica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


35 17.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPP


●●●●●●●●●


Rhopalocanium ornatum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


54 48 42


MMMMMMMMM


PPPPPPP







GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Saccospyris antarctica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


20 10 0


MMMMMMMMMMMMMMMMMMM


PPPPPPPP


●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Saccospyris preantarctica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


14 7 0


MMMMMMMMMMMMMM


PPPPPPPPP


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Saturnalis circularis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


33 16.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPP


●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Sethochytris babylonis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


54 43.5 33


MMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPP


●●●●●●●●●●●●







GGGGGGGGGGGGGGG


Sethochytris triconiscus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


45 36.5 28


MMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPP


●●


G


Siphocampe acephala


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


51 37 23


MMMMMMMMMMMMMMMM


PPPP


●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Siphocampe arachnea


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


15 7.5 0


MMMMMMMMMMMMMMMMMM


PPPPPPPPPPP


●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●


Siphocampe elizabethae


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


40 31.5 23


MMMMMMMMMMMMMMMM


PPP


●







GGGGGGGGGGGGGGGGGGGGGGGGGGG


Siphocampe imbricata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


47 34.5 22


MMMM


PP


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Siphocampe lineata group


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


42 21 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPP


●


GGGGGGGGGGG


Siphocampe modeloensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


13 6.5 0


MMMMMMMMMMMMMMMMMM


PPPPPPPPPP


●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Siphocampe nodosaria


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


37 18.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP


●







GGGGGGGGGGGGG


Siphocampe pachyderma


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


47 39 31


MMM


GGGGGGGG


Siphocampe quadrata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


50 40 30


MM


PP


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Siphonosphaera vesuvius


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


15 10.5 6


MMMMMMMM


PPP


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Siphostichartus corona


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


22 12 2


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPP
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Solenosphaera omnitubus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


10 6 2


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPP
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Sphaeropyle langii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


57 28.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Sphaeropyle robusta


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


24 12 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP
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GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Spirocyrtis gyroscalaris


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


10 5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PP







GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Spirocyrtis scalaris


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


10 5 0
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Spirocyrtis subscalaris


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


29 14.5 0


MMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPP


Spirocyrtis subtilis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


37 23 9


MMMMM


P
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Spongaster berminghami


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


10 5 0
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Spongaster pentas


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


13 7 1
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PPPPPPP
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Spongaster tetras


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


10 5 0
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Spongasteriscus marylandicus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


28 21.5 15


●●●●●●●●●●●●●●●●●●●●●●●


Spongatractus pachystylus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


50 45 40
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Spongocore puella


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


14 7 0
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Spongodiscus ambus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


8 5 2
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P


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Spongodiscus craticulatus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


24 14 4


MMMMM


PPPP
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Spongodiscus klingi


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


11 6 1
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Spongodiscus osculosus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


57 28.5 0


MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM


PPPPPPPPPPPPPPPPPPPPPPPP
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Spongomelissa dilli


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


21 16.5 12


MMMMM


PP
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Spongotrochus glacialis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


21 10.5 0
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Spongotrochus venustum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


12 6 0
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Spongurus pylomaticus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


12 6 0


MMMMMMMMMMMMMM


PPPPP


●●
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Stauroxiphos communis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


19 9.5 0
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PPPPPPPPPPPPPPPPPP


●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Stichocorys armata


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


22 16.5 11
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PP
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Stichocorys delmontensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


58 29 0
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Stichocorys johnsoni


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


11 6.5 2


MMMMMMMMMMMMMMM


PPPPPPPP
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Stichocorys peregrina


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


21 10.5 0
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Stichocorys wolffii


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


31 16.5 2
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Stylacontarium acquilonium


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


59 29.5 0
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Stylacontarium bispiculum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


41 21.5 2
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Stylatractus coronatus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


52 26.5 1


MMMMMMMMMMMMMMMMMMMM


PPPPPPPPPP


●●●●●●●●●●●●●●●●●●●


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


Stylatractus neptunus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


33 16.5 0
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Stylatractus santaennae


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


28 15 2
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Stylatractus transparum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


16 8.5 1
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Stylatractus universus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


59 29.5 0
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Stylodictya targaeformis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


47 34.5 22


MMMMM


GGGGGGGGGGGGGGGGGGG


Stylodictya validispina


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


19 9.5 0
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Stylosphaera angelina


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


26 13 0
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Stylosphaera hispida


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


34 22 10
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Stylosphaera minor


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


47 35 23
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Stylosphaera radiosa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


32 23 14
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Thecosphaera japonica


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


14 7 0
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Theocorys redondoensis


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


23 11.5 0
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Theocorys spongoconus


Geologic time (Ma)


pr
es


er
va


tio
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co
de


37 21.5 6
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Theocorythium trachelium


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


10 5 0
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Theocorythium vetulum


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


13 6.5 0
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Theocotylissa ficus


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


51 43.5 36
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Theocyrtis annosa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


34 25 16
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Theocyrtis tuberosa


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


43 21.5 0
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Tholospyris anthopora


Geologic time (Ma)


pr
es


er
va


tio
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co
de


41 32 23
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Tholospyris mammilaris


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


39 31 23
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Thyrsocyrtis bromia


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


41 32 23
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Thyrsocyrtis hirsuta


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


50 46 42
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Thyrsocyrtis rhizodon


Geologic time (Ma)


pr
es


er
va


tio
n 


co
de


49 36 23
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Thyrsocyrtis tensa


Geologic time (Ma)


pr
es
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va


tio
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co
de


50 46 42
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Thyrsocyrtis tetracantha


Geologic time (Ma)


pr
es


er
va


tio
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de


41 35 29
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Thyrsocyrtis triacantha


Geologic time (Ma)


pr
es
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de


51 37 23
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Triceraspyris antarctica


Geologic time (Ma)


pr
es


er
va


tio
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de


25 12.5 0
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Triceraspyris coronata


Geologic time (Ma)


pr
es
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va


tio
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de


19 11.5 4
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Tricolocapsa papillosa


Geologic time (Ma)


pr
es
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va


tio
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de


27 13.5 0
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Tripilidium clavipes


Geologic time (Ma)


pr
es
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va


tio
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de


44 30.5 17
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Tristylospyris triceros


Geologic time (Ma)


pr
es
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va


tio
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de


42 31 20
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Velicucullus altus


Geologic time (Ma)


pr
es
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tio
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de


24 20 16
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