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RiX	basins	of	eastern	North	America	and	Morocco	arguably	preserve	the	temporally	most	2ghtly	constrained	record	of	
abrupt	con2nental	bio2c	change	through	the	end-Triassic	mass-ex2nc2on	(ETE)	based	on	astrochronology	and	U-Pb	
dates	(1).	However,	two	biostra2graphic	hypotheses	have	been	proposed	for	these	sec2ons	requiring	a	mul2-million-
year	hiatus	or	unconformity	spanning	most	of	the	Rhea2an	that	we	show	here	are	falsified.	Van	Veen	(2)	hypothesized	a	
hiatus	based	on	European	records	where	vesicate	pollen	(Pa#nasporites-Enzonalasporites-Vallisporites	complex)	
disappear	in	the	early	Rhae2an	while	con2nuing	up	to	the	Newarkian	ETE,	and	therefore	implying	the	Newark	succession	
is	very	condensed,	consistent	with	a	major	hiatus.	This	is	falsified	by	the	presence	of	the	vesicate	forms	in	late	Rhae2an	
strata	of	the	Bristol	Channel	Basin	(3).	This	padern	is	more	simply	explained	by	a	2me-transgressive	disappearance	(in	
present	geography)	of	the	low-la2tude	vesicate	pollen	group	as	central	Pangae	translated	north	(4)	prior	to	their	ETE	
ex2rpa2on	(5).		
Similarly,	Kozur	&	Weems	(6)	hypothesized	that	the	absence	of	several	Germanic	basin	clam	shrimp	zones	in	the	Newark	
Supergroup	indicate	a	hiatus	spanning	most	of	the	Rhae2an.	Their	key	observa2ons	are,	“…the	upper	Norian	faunas	were	
dominated	by	very	large	conchostracans,	while	the	Rhae2an	(and	Hedangian)	conchostracan	faunas	are	everywhere	
composed	of	very	small	forms.”	The	lack	of	these	zones	and	the	presence	of	the	large	Shipingia	just	below	the	ETE	in	
Newark	Supergroup	strata	led	to	the	hypothesis	of	a	major	hiatus.	This	hypothesis	is	falsified	by	our	discovery	of	
abundant	large	cf.	S.	olseniin	late	Rhae2an,	largely	marine	strata	in	the	North	Germanic	Basin.		
Both	hypotheses	for	a	significant	hiatus	are	thus	falsified;	moreover,	no	physical	evidence	for	a	significant	hiatus	at	this	
cri2cal	level	exists.	There	is	instead	compelling	physical	and	magnetostra2graphic	evidence	of	completeness	at	the	20	kyr	
level	(e.g.,	chron	E23r).	The	most	parsimonious	interpreta2on	is	that	the	Newarkian	records	through	the	ETE	are	
con2nuous.		
1,	Blackburn+	2013	Science	340:941;	2,	Van	Veen	1995	Tectonopysics	245:93;	3,	Bonis+	2010	JGS	Lond	167:877;	4,	Kent	
&	Tauxe	2005	Science	307:240;	5,	Olsen+2011	EESTRSE	101:201;	6,	Kozur	&	Weems	2011	NMMNHS	Bull	53:295.	
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1) The presence of vessicate pollen and the absence of key 
European Rhaetian sporomorphs in the latter Triassic of 
Eastern North America and Morocco directly below strata 
dominated by Classopollis indicates a Norian age in 
contact with Jurassic strata and therefore therefore a multi-
million year hiatus must be present (Van Veen, 1995 etc). 

2) The presence of large spinocaudatans in the latter Triassic 
indicates a Norian age and their absence indicate a 
Rhaetian age. This along with the absence of two 
supposedly latest Norian and early Rhaetian zones that are 
present in western US and Europe indicates a major hiatus 
in the eastern US where these zones are absent (Kozur, 
Weems, Lucas, Tanner, 2005, 2007, 2010, 2011, 2015 etc.).   

Two hypotheses for a hiatus: 
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Enzonalasporites vigens	



0

10

20

-10

-20

-30

-40

-50

-60

-70

-80

-100

-90
SA1r

SA2n

SA3n

SA6n

Lilstock Fm

SA2r

SA3r

Cotham
Langport

SA5r

4.1n

??

Williton Mbr

200

205

210

215

Ma H24
E24

E23

E22

E21

E20

E19

E18

E17

E16

E15

E14

H25
H26

H27

Newark-HartfordAPTS St. Audrie’sBay

SA4r

?

?

SA4n

SA5n

Enzonalasporites
vigens @SAB

 

LAD vessicate pollen
Europe

Van Veen, 1995

Modified from Kent et al., 2016 



Callialasporites dampieri

Camerosporites secatus

Cerebropollenites macroverrucosus

Cerebropollenites thiergartii

Classopollis meyerianus

Classopollis murphyae

Classopollis torosus

Duplicisporites granulatus

Enzonalasporites vigens

Granuloperculatipollis rudis

Heliosporites reissingeri

"Lueckisporites" cf. L. singhii

Lunatisporites rhaeticus

Paracirculina quadruplicis

Partitisporites novimundanus

Patinasporites densus

Pinuspollenites minimus

Porcellispora longdonensis

Pseudoenzonalasporites summus

Retitriletes semimuris

Rhaetipollis germanicus

Ricciisporites tuberculatus

Samaropollenites speciosus

Trachysporites fuscus

Tsugaepollenites pseudomassulae

Vallasporites ignacii

Carnian
early late

Norian
early late

Ladin. Rhaetian
late early

Hett.

Cirilli, 2014 



Bonis & Kürschner, 2010 

Rhaetipollis germanicus	



Callialasporites dampieri

Camerosporites secatus

Cerebropollenites macroverrucosus

Cerebropollenites thiergartii

Classopollis meyerianus

Classopollis murphyae

Classopollis torosus

Duplicisporites granulatus

Enzonalasporites vigens

Granuloperculatipollis rudis

Heliosporites reissingeri

"Lueckisporites" cf. L. singhii

Lunatisporites rhaeticus

Paracirculina quadruplicis

Partitisporites novimundanus

Patinasporites densus

Pinuspollenites minimus

Porcellispora longdonensis

Pseudoenzonalasporites summus

Retitriletes semimuris

Rhaetipollis germanicus

Ricciisporites tuberculatus

Samaropollenites speciosus

Trachysporites fuscus

Tsugaepollenites pseudomassulae

Vallasporites ignacii

Carnian
early late

Norian
early late

Ladin. Rhaetian
late early

Hett.

“Typical	Rhae8an”	taxa	missing	from	Newark	Supergroup	

Cirilli, 2014 



Kent et al., 2016 

:%/2'</8$2"$4"B&2+%/<"C/23&/">$%+7?/%D":7%$*37"E/+&":%./''.#"

A+F"G*D%.&H'"I/;J"
I%.'+$<"
B7/22&<"
I/'.2"



Classopollis-dominated 



1)!The presence of vessicate pollen and the absence of key 
European Rhaetian sporomorphs in the latter Triassic of 
Eastern North America and Morocco directly below strata 
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1) The presence of large spinocaudatans in the latter 
Triassic indicates a Norian age and their absence 
indicate a Rhaetian age; therefore, the presence of 
large spinocaudatans up to the level of last 
spinocaudatan zone of (late Rhaetian age) in the 
eastern US indicates a hiatus.  

2) The absence of two supposedly latest Norian and early 
Rhaetian zones that are present in western US and 
Europe indicates a hiatus in the eastern US where 
these zones are absent.   

Two key assertions: 
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Euestheria brodieana Midland Fm (Kozur & Weems, 2005) 



Shipingia olseni                                       ♂       detail microsculpture  
Bull Run (Weems & Kozur, 2005)  

Shipingia olseni holotype                        ♀                  detail microsculpture       
Passaic Fm (Weems & Kozur, 2005)  
            
 



1)!The presence of large spinocaudatans in the latter 
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“The beds immediately below a distinct sporomorph 
spike, documented a few meters below the oldest lava 
flow (Orange Mountain basalt) in the Newark Basin in 
Exeter, Pennsylvania and previously assigned to the TJB, 
instead belong to the Sevatian (late Norian) rather than 
the Rhaetian as previously assumed. This is indicated by 
the abundant occurrence of Shipingia olseni nov. sp., 
which is found throughout the entire Sevatian section of 
the Newark Supergroup and in the Sevatian 
Stubensandstein 3 of Baden-Württemberg in the 
Germanic Basin. No species belonging to the Norian 
conchostracan genus Shipingia is known to range as high 
as the Rhaetian anywhere in the world.” 

Kozur & Weems, 2005 p. 21 



“No species belonging to the Norian 
conchostracan genus Shipingia is known to 
range as high as the Rhaetian anywhere in the 
world.” (Weems & Lucas, 2015, p. 315) 

“…the upper Norian faunas were dominated by 
very large conchostracans, while the Rhaetian 
(and Hettangian) conchostracan faunas are 
everywhere composed of very small 
forms.” (Kozur & Weems, 2011, p. ) 
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Bonenburg (Late Rhaetian) Shipingia cf. S. olseni 
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Shipingia olseni, Passaic Fm. (Kozur & Weems, 2007) 
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1) The presence of large spinocaudatans in the latter 
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Weems	&	Lucas,	2015	

3-4	Myr	Hiatus	



It remains notable that neither S. gerbachmanni nor G. polonica 
have ever shown up in the Newark Supergroup, even though both 
species occur abundantly in uppermost Norian strata in Europe 
(Kozur and Weems, 2011). Conchostracans collected by Paul Olsen 
(Lamont-Doherty) from the Bigoudine Formation in Morocco and 
provided to us for identification now document the presence and co-
occuence of S. gerbachmanni and G. polonica in northwest Africa. 
Therefore, the absence of both of these upper Norian-lower 
Rhaetian conchostracans in the Newark Supergroup continues to 
support the conclusion that a significant unconformity of 3-5 
million years duration separates the Norian strata of the upper 
Chatham Group from the upper Rhaetian strata of the basal Meriden 
Group.” (Weems & Lucas, 2015, p. 315) 

“The co-occurrence of these two species [S. gerbachmanni nor G. 
polonica] is characteristic of the uppermost Norian (upper Sevatian).” 
(Weems & Lucas, 2015, p. 308) 



Weems & Lucas, 2015 
 
“Stratigraphic column 
showing the conchostracan 
zonation for the Norian 
stage of the Upper Triassic 
as shown in Kozur and 
Weems (2010) as updated 
here, with demonstrated 
ranges of the conchostracan 
species found in the Norian 
column.” 



Shipingia gerbachmanni “upper Norian”  (Hauschke & Kozur, 2011)  

S. gerbachmanni Bigoudine Fm 
(Weems & Lucas, 2015)"

Gregoriusella polonica Bigoudine Fm 
(Weems & Lucas, 2015) 
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Middle Bigoudine Fm., near Argana 



Lower Bigoudine Formation, Hassein Mb., Argana Basin	

Near Argana, Morocco	





Et-Touhami et al, in prep. 



Weems and Lucas, 2015 



1) The presence of large spinocaudatans in the latter 
Triassic indicates a Norian age and their absence 
indicate a Rhaetian age; therefore, the presence of 
large conchostracans up to the level of last 
conchostracan zone of (late Rhaetian age) in the 
eastern US indicates a hiatus.  

2) The absence of two supposedly latest Norian and early 
Rhaetian zones that are present in western US and 
Europe indicates a hiatus in the eastern US where 
these zones are absent.   

Two key assertions are falsified: 
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