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INTRODUCTION

The aim of this paper is W cestdy the Herdian
Stage establishing an integrated stratigraphy acrviss
the Paleocens/ Eocene boundary, Our conclusions are
based on new data amd on geological and paleanto-
logical data previonsly  published feom the Teemp
section (stratotype) aml Campo section (parastralo-
I}IH'].

The Herdian Stage was defined in 1960 by Hot-
tinger amd Schaub in the centeal south pyrencan
busin (Spain). and in the ensoing years several
paprers were pubilished showing o detailed biostreati-
weaphy  mainly  based  on microfossils  (Holtinger
19600, 1977 : Gartner amd Hay, 1962 Hille
bramdt, 1965, 1975 Luterbacher, 19049, 1973 :
Dueasse. 1972 Caro, 1973 : Ferrer er al, 19735
Wileoxon, 1973 : RKapellos aml Schaol. 1973,
1975 : Schanb., 1966, 1969, 1973 : Tambareau and
Villatte, 1974 Tambarean. 1975: Le Calvee,
1975 Gacmers, 1978, ete.). Sinee then consider
abile progeess has heen made regarding the biostrati-
graphy and chronsstratigraphy  of the Paleogene,
Several papers have also been published involving
the Herdian (Schauly, 1981 @ Plaeior, 1981, 1984 ;
Fonnesu, 1984 : Lo, 1987 @ Eichenseer, 1988 ¢
Canwdo., Muoling  amd  Socanza. 1989 @ Samsda.
Tosyuella und Seeva-Kiel. 1990 : Tosquella. Samsi
amd  Serra-Kiel. 1990 Pasewal e el 199]
Coanudo and Molina, 1992, ).

A revision of the basie data was necessary in
vrider w position the Palescene/Eocene houmdary in
relation to the Herdian Stage. A preliminary revision
was presented at the 281th International [ll*nhlgii':l!
Congress in Washington, D.C. (Moling e al., 198%):
an integrated biostratigraphic study was carvied oul
by means of several miceafossil groups Trom some
seclions in the avea of the Herdian stratotype. This
sty has been now enlarged W include the revision
of other groups aml the magnetostreatigraphical data,

THE ILERDIAN STAGE

The Herdian was fiest proposed as o new stage
by Lukas Hottinger and Hans Schaul in 1960 (ma-
nuseript deposited on September 12th 1959 @ pub-
lishidl  in Eclogoe  geologicae  Helvetiae,  53-1.
pp- 4533479 On page 456 they stated that they
chose the sequence with very good onterops in the
Tremp basin in the Lévida provinee (N Spain) as
the type sequence. and they named this stage Ter-

dinn Trom the latin form of Lévido (fide Plaziat,
1981 b They justified the ereation of the Herdian
on the fact that in the Paris basin there are no
Vommulites or other lurger foraminifera underlying
the Cuisinn. The Sparnacian. which is a continental
stage, was regarded  as Dbeing  ansuitable Tor o the
Paleozene chronostratigraphic standard seale,

The stratotype was  designated by Schauly in
1969, and  published  in Mém. B.R.GM.. 09,
2592606, The type section i= the Tremp section
rridda provinee) amd is exposed along the romd
From Tremp to Puente de Montafana, with the lower
limit at 21.4 km and the upper limit ar 1532 kn,
Schauly (19649 alse stated that the Campo seetion
might be the parasteatotype of Herdian, In 1974
there was a proposal (motion) ot the mesting on the
Hewdian Stage in Paris (organized by the Sociétd
geologique de France and the International Working

Group on Palesgene Steatigraphy ) designating  the
Campo section (Huoesen provinee) as thee [rarastra-
totype. with the lower limit at 034 km on the
Campo to Ainsa voad and the upper limit s 588
km on the Grans o Campo road (Bignot, 1975).

The Nerdian Stage was hivehronostratigraphically
delined by Schaub (1969) based on the bivzonation
of Larger Foraminifera. Later. Schaub (1981) syn-
thesizged  previous works and  developed 0 more
detailed biozonation which i= the one we use in this
paper :

Latee Hervdian :

Alvesding  tremping. Nummulites  involutus  and
Azsilina adrianensis Biozones,

Middle Herdian :

AMeeoling corbarica, Nummalites exilis and Assi-
fina leymeriei Biozones.

Alveoling  monssonfensis.  Nummulites  rofisii-

Sormis and Assiling afl, arenensis Biozones,

Early Herdian :

Alveoling  ellipsoidalis,  Nommuodites  froesi amd
Lssilinn arenensis Biozones,

Meeoling cucamiformis, Nuwmmolites froasi and
Assifina prisca Biozones.

Geologically, the ivpe sections of Tremp and
Campo are located in the Tremp-Graos basin, in an
overthrosted  unit opamed  the Centreal South Py-
renean Unit. that moved some 30 km southwards
(Seguret, 1972 The sedimentation is synlectonie
but the sliding was <o gentle that the only ectonie
effects are some slumping in the Campae section,
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which is not a major problem sinee the section s
about 700 meters thick and it s located in the
Middidle Herdian,

The Herdian was ereated as a Stage of the Medi-
terrancan Paleogene and is used by many geologists
of southern Euwrope, mainly  specialists in henthic
foraminifera, The main reason why it has not been
aceepled as an international Standard Swge s oe-
cause its primitive definition was based only on hio-
stratigraphival eritevia Trom larger fovaminifera : the
Tremp section (stratotype) is not very rich in plank-
tie foraminifera. This problem is solved in o the
Campo section (parastratotype), Furthermore,  bis-
cause of the richness and variety of different groups
ol Tossils amld the recent stndies in magnetosteati
graphy, ete. the lerdian can now be placed very
precisely in the geologie time-seale.

THE TREMP SECTION (STRATOTYPE)

The section is very well exposed along the road
fram Tremp to Puente de Montafana, from the ham-
let of Claret and nearly o the pass in the Montlolar
monntain ; the aceessibility is exeellent and the see-
tion should e preserved in the futuee thanks te s
location in open and mainly uonenltivated country,

The erdian stratotype seetion, which lithostrati-
craphically belongs 1o the Ager Formation {Luter-
bacher, 1969, i 830 m thick and lies between the
continenial formations of Tremp amd  Montatiana.
The lower limit is perfectly exposed on the north
sidle of the rowd, one kilometer Trom Clacel, over-
lying the vontinental deposits (Garumnian facies) of
the Tremp Formation. The Ager Formation s g
ransgressive-regressive megasequence  that - hegins
with 140 m of a very shallow elastic [acies, alter-
nating with logoonal or bay deposits, mainly marls
with littoreal molluses and Mveoling limestones, 1t is
followed by a more open marvine Gieies of 170 m
of Turritelle and Pattalophyllic marls. which also
vielhls Nummulites, Operceuling, erwe. The deepest
waler facies is composel of 100 m of marls, very
rich in larger foraminifera that alse contain planktie
microfossils. The upper part of the Ager Formation
is compaosed of 30 m of shallow marine facies with
Alveoling aml marine molluses. overlain by 70 m of
estuarine lagoonal amd Muvial deposits,

The larger foraminifera of the Herdian Steatoty pe
(Tremp section), as well as those from other nearby
sections with which stravigeaphic correlation can be
estublished. have been studied by several anthors
{Hottinger,  1960a:  Luterbacher, 1969, 1970,
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1973 Gaemers, 19780 Schaub, 1981 Recently,
Samsi. Tosgquella and Serva-Kicl in Pasewal et al..
(1991 ) have recognised the Tollowing Alvecling bio-
gones estabilished by Hottinger (19600, 19600) = A,
cucumiformis Biozone at the bottom of the section,
and A, corbarica Biozone and A, trempine Biozone
al the top of the section, The following Nommulites
Bivzones established by Sehaoly (T981) have been
recomized @ N, robustiformis Biozone. N, exilis Bio-
zone and N incofutis Biozone. Finallv, the following
Assiling Bivzones also established by Sehauly (1981
have been recognized @ As, afl. arenensis Biozone,
As. leymeriei Biozone and As. adrianensis Biozone.
The assemblages of  Afeeoling  and  nummulitids
I Nummulites, Operenling,  Assilina) determined  in
this paper are shown in lguree Lo The tap of Alveo-
ling cucwmiformis Biozone and the AMleeoling ellip-
setdalis Biozone can b dreawn in the steatotvpe if
the nearby sections of Puigmasana and Muor of Hot
tinger (1960a) aml Guardia de Tremp and Puigeer-
cis of Gaemers (1978a, 19780) are considered. The
Hreoling moussoulensis Biozone is not fowuld in the
whole arca. bt it can be deawn in lgore 2 by cor-
relation with the N, rolestiforois Biozone. Related
with . fraasi, As. prisca amd As. arenensis Bio-
gones, which aceording o Schaub (1981} charae-
terised the Exely Herdian, have been recognized by
this author in the Alsing, Llimiana, St Esteve and
Areny sections of Fereer er al., (1973 ) and in the
Estorm section of Hottinger (19604}, spanming the
A, encwmiforais aml A ellipsoidalis Bioeones,

The =mall benthic foruminifera were studied in
the Tremp section by Ferrer ef ol (1973) and Le
Calver (1975) bt no zonation or bisstratigraphical
distribution was attempted for these shallow water
assemblages. New  data from the Tremp section
(Ortiz and MeDoogall, 1991 ) subdivides the assem-
Ilages into two zones which approximate the Palea-
vene, BEL. and carly Eovene, BBE2 . bathyal biozones
of Berggreen and Miller (1989), A thicd zone could
I questionably recognized (BB3, lowermost part),
Application of Berggren and Miller (1989 bivzona-
tion ean ondy be usedl with caution as most age dia-
gnostic  species  are missing  from these shelf
assemblages. The boundary between hiozones BBI
aned BB2 is placed in the lower part of Pattaloplyllia
Clay, where the Paleocene species Cilicidoides hiy-
phalus oceurs with early Eoeene species,  Assem-
blages lower in the section inchude the Paleoeene
specics Anomalinoides rubiginosus, Cibividoides ul-
feni, Pullenin corvelli, Bulimina  trigonalis, and
Spivaplectamming thaneteana. Barly Fovene species
present in the lower part of Pattalophyllia Clay and
higher in the section inelude Cilicidoides ocaens,
Uvigering ablireviata, awmd Honzowata producta. A
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thirdd  hivzone is  questionably  cecogmized  in the
upper part of the section with the appearance of
Uvigerina covoaensis. This species first occurs in
planktie foraminiferal zone PY (Boersma. 1984),
bt benthie foraminifera in this and sobadjacent
samples are not age diagnostiv,

The planktic foraminifera were stindied Ly several
workers (Gartner and  Hay, 1962 : Hillebrandt,
1965 ; Luterbacher, 1969 @ Ferver e ol 1973 ;
Blow. 1979}, but they are frequent only in the
midille part of the section. Hillehrandy (1965)
indicated the presence of Psendohastigerina
eocaenica, which is a junior synonym of Psendo-
hastigering wilcoxensis. This species which was oot
found by Luterbacher (1969 ) or by us, is probably
very searee due to unfavorable environmental con-
ditions. Futhermore, by correlation with Campa,
Zumava and other seetions we discovered the real
cause, which is that Pseudohastigzering appears later
in the Pyrenees than in low latitudes, and by that
time the paleoenvironnment in Tremp was oo shal-
low for Pseadohastigering wilcoxensis w live in. Ac-
cording 10 onr study  the middle  part of  the
stratotype  contains  the  following  association  of
planktic foraminifera 1 Worezovells edgori. Moro-
ol groeilis, Morozavella marginodentatea, Maro-
zovelle  wequa, Morozovells  lacerti, Morozovella
subbotinae,  Muricoglobigering  esnehensizs.  Muri-
coglobigering  wquiensis.  Muricoglobigerina  an-
gulasu, Muricoglobigering  soldadoensis, Subboting
Sinlayi, Subboting patagonica, Subboting triengu-
buris. Planorotalites slongata, Acarining wilcoxensis,
Avarining  strabocella, nitida ol
filabanamaling ovalis. This assemblage could corres-
pond to the 6. marginodentare Biozone of Hille-
bramdt (L9635 ). ta the npper part of G, veluscornsis
Biozone of Bolli (1966} and Toumarkione and Luter-
bacher (1985). 10 the Poa Biozone of Berggren amld
Miller (1988) and 1o the upper part of the Horo-
sovelln  aequa Biozone  of Canudo amd  Molina
(1992} Nevertheless. il Pseadohastigeving wileox-
easis is absent bevaose of the ceology, this interval
could also corvespond 1o the M. edgart Bivzone of
Toumarkine and Luterbacher (1985}, the Pab Zone
of Berggren and Miller (1988) and the Pseudo-
hastigerine  wilcovensis  Biozgone  of Conodo and
Muolina (1992), The planktic foraminifera biozona-
tion of the lower and upper parts of the stratotype,
which are very poor in this kind of microfossils,
can be dedueed by corvelation with the parastrato-

Avarinine

type.

The caleareons  nannolossils were  studied by
Wilcoxon (1973 ) who only recognized the Mearths-
tevites contartis amd Discoaster binodosus Bivzones
through  the  Herdian  stratotype. Kapellos  and
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Sehauby (1975, 19751 established the correlation
with the larger foraminifera biozonations, and by
resampling the base and the wop of the section
they also recognized the Discoaster multiradio-
tus and the Tribrachiotus orthostylus (= Mar-
thasterites tribrachiotus) Bioeones  respectively,
The different assemblages allow recognition of the
NP9 (eonfirmed by corvelation with the parastra-
tobyper, NP 1O, NP TT and possibly NP 12 ol 1he
Martini (1971} biozonation. In the Tremp section
the index 10, lodoensis of the NP 12 Biozone is ab-
aent. but this biozene could be also recognized by
the presenee of IV koeperi and T, puleher, Neverthe-
less, by corvelation with the parastratotype  the
NP 12 Biozone is very questionable in the upper
part of the Tremp section.

The dinoflagellates are searee and were stodied
by Caro (19731 who established three biowones
(“Werzeliolla™ hyperacantha, Wetzelielln articulata
and Wetzeliella wnicaudulis) Tor the middle part of
the Tremp section,

The vstracola were studied by Carbonnel (1975
and  Tambarean (1975} and  recently by Lt
(1987) Two biozones were established @ Eehinoey-
thereis  isabenana  Biozone (Early  lerdian)  and
Echinorythereis aragonensis Biozone (Middle amld
Late lerdian). Aceording to the new data of this
paper the Echinocythereis posterior Biozone is e
fined for the uppermost part of the Teemp section
(base with the first oveurence of this species, top
with its disappearance).  However, becausze  the
Echinvcythereis nee rave near the defined limits
these boundaries fall lower in the Tremp section,

The molluses are sometimes abundant and data
were published by De Renzi (1967, 1975) who con-
giddered their biostratigraphy, corvelating them with
the European Eocene mollusean Taunas.

The mognetostratigraphic record of the Tremp
seetion s characterized by o long reversed polarity
gone interrupted by one normal period (Pascoal er
al., 1991}, Comparing the obtained magnetic polanty
with the paleontologieal data it is suggested that the
boundary between the Morozovelln aequa and the
Psendohastigering  wilvoxensis  Biozones  (Canudo
aml Moline., 1992 ), is located stratigraphically below
of the normal perisd. This boundary approximately
coincides with the ones between M. velascoensis and
M. edgari (Berggren ef af.. 1985), M. veluscoensis
amd M. subbotinae s, (Covelier and  Pomerol,
1986). NP9 and NP 10 (Berggren et al.. 1985 ).
Paa and Pob (Bergreen and Miller. 1988) and PG
i PT (Blow. 1979), According to the refe
seqles, the first oormal interval alter the mer
boundary correspomds 1o the polarity Cheon 242,
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Thus the normal polarity interval found in the Her-
dinn siratotype could be the 24.2. Then, the lower
and upper reversed intervals of the section are re-
speetively the 24.1r and the 24r The position of
these polarities in the Herdian stratotype are : Chron
24.01r is in the Late Herdian and the wp of the
Middle Herdian, Chron 24.2 is in the Middle Her-
dian and Chron 24r is in the lower part of the
Middle Herdian and Early Tlerdian,

THE CAMPO SECTION
(PARASTRATOTYPE)

The Campo section ecrops oul along the Esera
river about 2 km south of the village of Campo.
The bottom of the llendian parvastratotype is pere-
fectly exposed on the north side of the road o Ainsa
beginning at 0.34 km, while the Middle Herdian out-
erops west of the hamlet of Navarrei, and the Late
Nerdian may be observed along the road [rom
Campo to Graus, near the village of Murillo de Liena
{Sehaub, 1966, 1973, 1981 : Kapellos and Schaub,
1973, 1975).

Underlying the parastratotype are sediments of
marine facies of the Middle Thanetian with Alvealine
{Glomalveoling)  primaeva,  Fallmelln  alavensis,
Operculina heberti, and of the Late Thanetian with
A (€. levis, Operculing azilensis and  Assiling
yvettae (Hottinger, 1960a: Hottinger amd Schaub
in Hottinger et ol., 1964 : Schaub, 1966, 1981
Tambarean and Villatte, 1974 : Robador et wal..
19907, There i= a briel pon-marine interealation
that contains  charophytes.  between  the  Late
Thanetian and the first Herdian sediments.

The Early Herdian (Alveoling cucumiformis. Alve-
olina  ellipsoidalis  Bivzones) and  the lowermaost
Middle Herdian (Alveoling moussoulensis Biveone) is
vomposed of 150 m of limestones that in the upper
part alternate with marls. The rest of the Herdian
i= made up of more than 550 m of silty marls that
were interpreted as a regressive sequence from lower
slope deposits, succeeded by prodelta to offshore and
delta-front type sedimentation to the top of the Her-
dian (Mutti et wl., 1972}, Overlying the prograda-
tion of silty marls to coarse samds are deposits with
nummulitid rich layers that characterize the Alve-
olina oblonga, N. planulatus Biozones and A. dainel-
lii, N, praclevigatus Biozones, The lithostratigraphy
of this area has been recently revised by Samsi
(1988) and Tosquella (1988), who established
subdivision of the eclassical formations previously
recogmized in the basin.

The larger foraminifera were studied by Hottinger
(196G0a, 1977), Schaub (1966, 1973, 1981 ). Tam-
barcau and Villatte (1974). Hecently, Samsi e al,
(1990), Tosquella et al. (1990}, and Robador et
al., (1990) have recognized as the previous authors
the AjG.) primoeva amd A0 levis Biozones
{Thanetiun), the A, cocumiformis and A, ellipsoidulis
Biozones (Early Herdian), the A, mowssonlensis and
A. corbarica Biozones (Middle Derdian) amd the A,
oblonga and A. dainellii Biozones, Corresponding to
nummulitids  they have recognized  the  Assiling
yrettae Bioeone (Late Thaoetian), the N, fraasi, As.
prisea and As. arenensis Biozgones (Early Uerdian).
the N. robustiformis, N. exilis, As. afl. arenensis
and As. leymeriet Biozones (Middle Herdian), the N,
planulatus and As. plana Biozones, and the N,
praclaevigatus and As. laxispira Bioeones, However,
they do not find the association that characterizes
the Late Herdian (A, trempina, N, involutus and
As. adrionensis Biogones), becavse this zone of the
seetion is very poor in larger foraminifera due
probably to the great depth of the palesenvironment
al that moment. All species determinated by these
authors are indieated in fgore 3.

Although the small henthic foraminifera in the
Campo section indicate a slightly deeper paleoen-
vironment than at the Tremp stratotype, the bathyal
biozgonation of Berggren and Miller (1289) can only
be wsed with caution, as most of the diagnostic spe-
vies are ol present in this section. Three zones are
recognized which are equivalent to hivzones BB,
BB2, and BB3 (Ortiz and MeDougall, 1991), The
boundary between biozone BBl and BB2 oceurs in
the lower part of the Riguala Marls, where the
Paleocene species Anomalinoides rubiginosus oveurs
with the Eocene specimens transitional between
alleni  (Paleocene) and €. eocaenicns  (Eocene).
Paleocene species present lower in the section in-
vlude  Cibicidoides hyphalus, Cibicides suceedens,
Spiroplectamming  thaneteana, and Tritaxiling in-
dentata, Species characteristic of the Early Eocene
oeenrring higher in the section inelmde Turriling
brevispirn,  Loxostomoides  applinae,  Uvigerino
abbreviata, U. batjesi and Hanzawaia  producta,
Biozone BB3 is recognized by the first appearance
of Cibiciduides subspirarus in the middle part of the
laterul equivalent marls of Roda Sandstone Forma-
tion of the Campo seetion. Alithough this biozone
was correlated with planktic foraminiferal zone P9
to P13 (Berggren and Miller, 198Y9), older oceur-
rences of Cibicidoides subspiratus which are re-
vorded onder the name Cibicides fortunatus suggest
the base of the biozone is equivalent to planktic
foraminiferal zone Phe (uppermost  part), Benthic
foraminifera continue W appear higher in the section
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but age diagnostic species become increasingly rare
as water depths decrease,

The planktic foraminifera were studied by Hille-
brandt (1965) who recognized three zones :
Globorotalin  subbotinne-marginodentata  (G). Globo-
rotalica lensiformis (H) and Globorotelio formosa-
Acarinine  angulosa (1) and  established  the
correlation with the larger foraminiferal biozones,
Recently the planktic foraminifera have also been
studied by Molina er al. (1989), Canudo et al
(198%9), and Canudo (1991 ; in press). In the Campo
section the planktic foraminifera are more diver-
sified and frequent than in the Tremp section. The
first appearance of Pseudohastigerina has been
found in higher horizons than those of Hillehrandt
(1965). In the lNerdian of the Campo section the
following hiozones can be recognized : Morozovella
velaseoensis, Morozovella edgari and Morozovella
subbotinae of Toumarkine and Luterbacher (1985,
Poa, Pab and Phe zones of Berggren and Miller
(1988) and Marvzovella aequa and Pseudohastigerina
wilcoxensis Biozones of Canudo and Molina (1992 ).
The planktic foraminiferal record continues in the
higher horizons which elearly belong to the Ypresian
{Morozovella aragonensis Biozone of Canudo and
Maolina (1992): Morozovelln formosa formosa Bio-
gone of Toumarkine and Luterbacher (1985} and
P7 Biozone of Berggren and Miller (1988).

The calcareous nannofossils were  studied by
Wileoxon (1973) and Kapellos and Schaub (1975).
They recognized the same biozones for the Herdian :
Discoaster multiradiatus, Marthasterites contortus,
Discoaster binodosus and Tribrachiatus orthostylus
(= Muarthasterites tribrachiatus). Recently, the cal-
carcous nannoplankton have been restudied (Molina
et al.,, 1989 ; Canudo e al. 1989). In the Herdian
and Ypresian interval the following zones of Martini
(1971) have been recognized : NP9 (upper part),
NP 10, NP 11, NP 12 and NP 13.

The dinoflagellates were studied by Care (1973)
who recognized the following Herdian-Ypresian bio-
zones ¢ “Werzeliella™ hyperacantha  (upper part),
Werzelielle articulata, Wetselielln unicaudalis and
Wetzeliella coleathrypta (lower part). He discussed
the stratigraphic value of these biozones indicating
their relationship with zonations based on other
groups of microfossils present in the Campo section,

The ostracoda were studied by Ducasse (19725
who established five zones in the Campo section,
the Lerdian being composed of zones 2 1o 5 (lower
part). The revision carried out for this paper allows
to recognize and modify the same biozonation that
Carbonnel (1975) defined for the Tremp section,
Perhaps owing to an ecological control and/or to

the chance of sampling, the index species level of
appearance of the new E. posterior Biozone is found
in stratigraphyeally higher levels than in Tremp see-
tion, Consequently, the biozonal boundary has been
drawn with an oblique doted line.

The magnetostratigraphy of the Herdian parastra-
totype is marked, in the lower part. by a long
reversed polarity period that comprises the upper
part of the Thanetian limestones and sandstones. the
Alveolina limestones and the Riguala marls. Com-
paring the obtained palcontologieal data with the
referenee seales suggests that the lower part of the
section corresponds to Chron 25, The boundary be-
tween the Thanetian with the lerdian Alveoling
limestones is an unconformity characterized by the
presence of a  hardground followed by  fuvial
deposits, The ahsence of the normal anomaly 25n
could be attributed 1o this gap, In the bottom of
the La Pobla level a normal polarity direction within
a problematic zone has been found. Although it is
recommended that at least three reliable directions
are used at one site to make sure of the polarity,
this mormal direction indicates that part of the La
Pobla level could correspond to Chron 24.2. Above
it there is o reversed period that continues into the
lower part of the marls eguivalents o the Roda
Samdstone. The middle part of these marls corres-
pcmds to a normal polarity zone (Chron 24.1) anil
the upprermost anmp]t‘ﬂ studied show a reversed
polarity zone that corvesponds to Chron 23

THE ILERDIAN AND THE
PALEQCENE/EOCENE BOUNDARY

According to the data summarized in figures 1-4,
the chronostratigraphic position of the llerdian can
be precisely determined. The data obtained from its
rich micropalesntological record have been used to
establish the correlation between the biozonations
for this time interval and this is a good example of
integrated biostratigraphy,

The chronostratigraphical scales more frequently
used (Berggren et al., 1985 ; Cavelier and Pomerol,
1986 ; Aubry et al., 1988) considered the Ypresian
as the standard stage for the Early Eocene, Accord-
ing 1o biostratigraphical data published about the
Ypresian (Aubry, 1983 ; Steurbaur, 1988) it com-
prised the caleareous pannofossil NP 10?7, NI L1,
NP 12, NP 13 and NP 14 (lower part) Biozones,
and the Cuisian stage completely overlaps with the
Ypresian, being a junior synonvm.
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In the Late Paleoeene the Thanetian has been
the more frequently used stmdand stage. According
to Curry (1981) and Hamilton and Hojjaizadeh
(1982} the stratotype belongs 1 NP8 amil the hase
of NP9, Nevertheless, the NP9 index form [is-
couster multiradiotes, was ool found by Aubry
(1983) who believes that the greater part belongs
to NIP' 8 and the non-fossiliferons extreme base may
be older. The Selundian, which is another Paleoeene
stage. has been revised by Perch-Nielsen and Hasen
(1981) who determined that i base may corres-
pond o Zone NP4 (upper part). which is much
older than the Thanetian. The “Unfossiliferous
Clay”. that constitutes the top of the Selandian, by
correlation based on indirect evidenes could corres-
pomdd 10 NP9 (lower part). Aceording to Cavelier
and Pomersl (19860, the attribution of this latter
formation (probably unconformable) 1o the Selamd-
ian remaing debateable,

The Deedian stage. io terms of calearcous nan-
nofossils corresponds 1o NP9 (upper part), NI 10
and NI* 11 Biozones of Martimi (197 1), The extreme
base of the llerdian was mainly dated as the Are-
alines cucumiformis Biozone, which is now correlated
in the lower part of the planktic foraminilecra Woro-
sovella aequa Biozone of Canudo and  Molina
1992y The top of the Nerdian wis mainly dated
by the Alveoling tremping Biozone, which is now
vorreluted with the planktic foraminifera M. formosa-
M.lensiformis (Poc) of Berggren and Miller (1988).
Consesquently, the Early llerdian spans o gap be-
tween the Thanetian and the Ypresian that is oot
represented in any European morine classical stages.
The Sparoacian amd the Late Landenian. that seem
to cover this interval, ore both made up ol conti-
nental faeies and are pnsuitable 0 be econgidersd
as standard stages. The Middle and Late Herdian
overlap with the Ypresian, since the caleareous nan-
nofossils NI 10 7 and NI 11 Biozones has been ree-
ognized in both stages, This was also conchided by
Bignot and Moorkens (19753) and by Cavelier and
Pomeral (1986) who more precisely indicated that
the dinoflagellata W2 Binzone was also recognized
in the Middle Herdian and in the base of the Ypre-
sian.

The Paleocene/Eocene boundary is a problem
sinee there is not yet a gencral agreement on its
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position on the geologie time seale. In order 1o pre-
visely place this boundaryv. the International Sub-
commission on Paleogene Stratigraphy has organized
a Working Group o establish o Paleorene/Eocene
Boundary Stratotyvpe. The Paleocene/Eocene bound-
ary used today has dilfferent placements depending
on the speciality of the authors. For Mammalogists
it must be located between the Paris basin Thanetian
and  Sparnacian,  for  specialists in o larger
foraminifera at the base of the Herdian and for the
mujority of the specialists in planktie foraminifera
at the Psewdohastigering lirst appearance “datum™,
which is believed o oceur at the base of the Ypre-
sian.

To solve some problems Plazist (1975) suggestedd
moving the lower limit of the Herdian down so as
to include the Glomalveoling lovis zone. so that it
would  coreelate with the mammalian  boundary.
Nevertheless, it is not elear whether the major break
in  mammalian  [ounas  coincides with the
Thanetian/Sparnacian  boundary  or  with  the
Thanetian/Llerdian boundary. By that time Pomeral
(1975 proposed the placement of the Paleocence/Eo-
cene houndary at the base of the Terdian, Aceording
to Cavelier anmd Pomeral (1986 the VE boundary
hased on a major break in mammalion faunas oeeurs
practically at the base of the Morozavella veloscoen-
sis Fone (P3) amd at the point where Nummudites
and lurge Moseulinized Aveolina  appear, corres
ponding with other hiostratigraphical, magnetostrali-
graphical and geochemical breaks, Avceording to this
propozal the BE boundary could correspond with
the Thanetian/Uerdian boundary.

The Psendofiustigering “datum™ hos been used
by some authors 1o define the Paleocens/Eocene
boundary, which indueed Plaziat (1981 o propose
the lowering of the upper limit of the Heedian (tryving
to adapt exactly the Herdian to the range of the
abijectionable Sparnacian) to place it between the
A. movssoulensis and A, corbarica Biozones, How-
ever, the Pseudohastigering lirst appearanees datum
plane does not seem o be very isochronoos and
there are some laxonomic problems in discriminating
between Psewudohastigering wilcoxensis and its an-
cestor Globanomaling ovalis. Furthermore, it is nm
clear whether the first appearance of  Pseudo-
hastigering coineides with the base of the Ypresian

Fi. 1. = Iotegrated stratigraphy in the Campo section (Herdion parasiratotype),

Stratigraphiv intégrée de ln coupe de Campo | Parasteatotgee de Ulferdion ),
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on the contrary, this genus seems to lirst appears
in younger horizons.

Consequently, the different proposals regarding
the position of the Palcocene/Eocene boundary need
further study. At this stage, we propose to define o
time interval called “Paleccens/Eocene  boondary
time span”., which comprises from the base of the
llerdian to the base of the Ypresian.

CONCLUSION

The base of the lerdian is placed in the base of
the Alveolina cucumiformis Biozone, in the base of
Nummulites fraasi Biozone, in the base of Assilina
prisca Biozone, in the upper part of Angulogave-
linelle avnimelechi-Anomalineides rubiginosis (BB1)
Biozone, in the lower part of Echinocythereis ise-
benana Biozone, in the middle part of “Wetzeliella”
hyperacantha Biozone, in the middle part of Dis-
coaster multiradiatus (NP 9) Biozone, in the lower
part of Morezovella aequao Riozone and in Chron
24r.

The top of the llerdian is placed in the Alveolina
trempina Biozgone, in the Nummulites involutus Bio-
gone, in the Assilina adrianensis Biozone, in the
lowermost part of Cibicidoides subspirarus (BR3)
Biczone, in the lower part of Echinocythereis post-
erior Biozone, in the upper part of Wetzeliella uni-
pandalis  Biozone. in  the uppermost  part  of
Discoaster hinodosus (NP 11) Biozone, in the upper
part of Psendohastigerina wilcoxensis Biozone and
in Chron 24.1r.

Consequently, the Herdian is today a very well
defined Stage, represented by thick and relatively
continous marine sediments, excellently exposed and
very rich in microfossils, being now one of the best
known European stages. The Middle and Late Ier-
dian overlap with the Ypresian but the Early ller-
dian spans a gap between the Thanetian  and
Ypresian that s not represented in any of the
Furopean marine classical stages.
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