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INTRODUCTION

The aim of this paper is 1o eestinly the Herdian
Stage establishing an integrated stratigraphy neross
the Paleocene/Eocene boumdary, Our conclusions are
based on new data amd on geological and paleonto-
logical data previowsly  published from the Teemp
section (stratotype) amd Campo section (parastrato-
Ivpee).

The Herdian Stage was delined in 1960 by Ho-
tinger amd Schauby in the cenmtral somth pyrencan
busin (Spain). and in the enswing years several
papers were published showing o detailed biosteati-
sraphy  mainly  based  on microlossils  (Hotinger
1960u. 1977 : Gartoer amd Hay, 1962 Hille
bramdi. 1965, 1975 Luterbacher, 1969, 1951 ;
Dueasse, 1972 Care, 1973 Ferver er al, 1973
Wilcoxon. 1973 Kapellos  and  Sehaub, 1973,
1975 : Sehaob. 1966, 1969, 1973 : Tambareau amil
Villatte. 1974 ; Tambarean., 1975: Le Calves,
1975« Gaemers, 1978, eteu). Sioee then consiiler-
able progress has been made regacding the biostrati-
graphy and chronostratigraphy ol the Paleogene,
Several papers have also been published nvolving
the Herdian (Schaub, 1981 0 Plagiar, 1981, 1984
Fonnesu. 1984 : Lewe, 1987 ¢ Eichenseer, 1983 ;
Canodo,  Moling  aml  Svcunea, 19890 Samso.
Tosguella and Serva-Kiel, 1990 ; Tosquelln, Samsd
and  Serva-Kiel, 1990 Pascaal er wof,, 1901
Canudo and Malina, 1992, ).

A revision of the basic data was oecessary in
vrder to position the Paleocene/Eocene honnidary in
relation to the Herdian Stage, A preliminary vevision
Wils ]Jl‘l'!ﬂ-‘ull'll al the 28th International [;l'lrlirgif'ul
l:un.pnrh'.-i in “"uhllijlglnl'i. DL i Maoling er al., 198D )
an integrated bivstratigraphic study was carcied om
by means of several microfossil groups Trom some
sections in the area of the Herdian stratoty e, This
ﬂl“.l‘! .'uh IH""‘“ [ {ER LY I'"jurgfli Nis :i!'lr]lllll' lll"‘ l""iﬁi'l“
of other groups amd the magnetostratigraphical data.

THE ILERDIAN STAGE

The Herdian was first proposed as a mew stage
by Lukas Hottinger amd Hans Schaub in 1960 (ma-
nuseripl deposited on September 120h 1959 @ pub-
lished in  Eelogoe  geologicae  Helvetine, 53-1.,
pp- 453479, On page 456 they stated that they
rhose the sequenee with very good outerops in the
Tﬂ'm]: basin in the Lérida |-nni4u‘r l‘l h‘]ul'llll a=
Lhe Ly =sequence, aml ﬂ'n-} named Lhis sliage e r-

dlian freom the latin form of Lerida i fide Mlazian.
198 Vb, They justified the ereation of the Herdian
on the laet that in the Paris basin there are oo
Nummulites or other larger Toraminilera Ilnl.lrr]} 'III=
the Cuisian, The .\Ilﬂll'llﬂl'iﬂll, which i= a rontinental
stage. was regarded as being unsuitable for  the
Palvagene chronostratigraphic standard seale,

The stratotype was  designated by Schauly in
1969, aml  published  in Mem. BRGM.. 69,
ppr. 259266, The type section is the Tremp section
iLérida provinee) amd bs exposed  alomg the rowd
Fromn Tremp 1o Poeote de Montafiana. with the lower
limit at 2014 ki and the upper limit s 13.2 ki
Sehauly (1969} also stated that the Campo section
might b the parasteatotype of erdian, In 1974
there was o proposal (motion) at the meeting on the
Herdian Swge in Paris (organized by the Socicne
I.H'*l:-lugiqm' e Franee and the Internotional Working
Group on Paleogens Stratigraphy ) designating  the
i:nmpu section | Huesen provinee ) as the Jrarastri-
totypies with the lower limit at 030 ke on the
Compo to Miosa cosd and the wpper limie wn 588
ke on the Grans o Campo rond (Bignot, 1955,

The Newdian Stage was bivehronosteatigeapbically
lefimed by Seboul (1969 based on the biozonation
ol Lweger Foraminilera. Later, Selaab (1981) syn-
thesiged  previous works amd  developed 0 more
detailed Biogomation which i< the one we use in this
e

Late Herdian :

Vewoling  trempini.  Nummulites  involutos  and
Assilina adrianensis Biozones,

Midalle Derdian :

Veealina corfrica. Nummuolites exilis and Assi-
limer deymeriei Biogones,

Alveolinag  monssonlensis.  Nummulites  rolusii-
Sormis and Assiling all. arenensis Biwozones,

Farly Herdian :

Veeolina  ellipsoidalis. Nummuolites  froasi and
Vasiling arenensis Biozones,

Veeoling cucumiformis. Nammuolites froosi and
Assilina prisca Biozones.

Gealogically, the v sections of Tremp  and
Campo are located in the Tremp-Grans basin, in an
wverthrusted  unit named  the Central South Py-
rencan Unit. that moved some 30 km southwards
(Seguret, 1972), The sedimentation is synlectonic
b the sliding was so gentle that the only tectonie
effects are some slumping in the Campo section,
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which is nol a major problem since the section s
about 700 meters thick and it is locatesd in the
Misldle Nerdian.

Thee Nerdian was ercated as a Stage of the Maldi-
tervancan Paleogene and is used by many geologists
of southern Ewrope. mainly specialists in benthie
foraminilera, The main reason why il has nol been
arcepied as an international Standard Suge is be-
canse its primitive definition was based only on bio-
stratigraphival eriteria from larger foraminifera : the
Tremp sevtion (stratotype) is not very rich in plank-
tic Toraminifera, This problem is solved in the
Campn section (parastratotype). Furthermore, -
vause of the rechness and variety of different groups
of Tossils aod the recent studies in magnelostrati-
graphy, ete., the lerdian can now be placed very
precisely in the gealogic time-scale,

THE TREMP SECTION (STRATOTYPE)

The section is very well exposed along the roadl
from Tremp to Puente de Montafiana. from the ham-
let of Claret unid nearly 1o the pass in the Monillobar
mountain ; the aceessibility is excellent and the see-
tion should be preserved in the Tuture thanks 1o =
location in epen and mainly uncultivated country.

The lerdian stratotype section, which lithostrati-
graphically belongs 10 the Ager Formation (Luter-
bacher, 1969}, is 830 m thick and lies between the
continenial Tormutions of Trl"ﬂlll aml Montanana.
The lower limit is perfectly exposed on the north
sidle ol the rowld, one Kilometer from Clarel. over-
Iying the vontinental deposits (Garumnian faciws) of
the Tremp Formation. The Ager Formation is a
|r-.nngrruill--n1ﬂ-ni'lr mCgRsciuenee ihat |:|1,-.1m
with 110 m of a very shallow clastic Tacies, alter-
nating with lageonal or bay deposits, muainly marls
with littoral molluses and Alveoling limestones, 1t is
followed by a more open marine facies of 170 m
of Turritella and Pattalophyllia marls, which also
vields Nummulites, Operculina, ete, The deepest
waler farivs is wunlm.-ﬂl of 400 m of marls, vers
rieh in lorger foraminifera that alss contain planktic
mieruliossils, The upper part of the Ager Formation
is composed of 50 m of shallow marine facies with
Alveoling aml marine molluses, overlain by 70 m of
e=lUarine ilmmml anid Muvial l'rlmlili.

The larger foraminifera of the llerdian Stratoty pe
(Tremp section), as well as those from other nearby
sections with which stratigraphic correlation can be
established, have been studied by several anthors
iHottinger, 1960a: Luterbacher, 1969, 1970,

1973 ;: Garmers, 1978a: Schaub, 1981). Recently.
Samsi, Tosqpuella and Serva-Kiel in Pascual ef ol..
{1991 ) have recognised the following Mlveoling bio-
zones estabilishel by Hottinger (19600, 19600L) : A,
cucumiformis Biozone at the bottom of the section,
and A, corbarica Biozone aml A, tremping Biozone
al the top of the section, The following Nummulives
Binzones established by Schaul (1981) have been
recognized @ V. robustiformis Biozone, N, exilis Bio-
gane anid . involutus Biozone, Finally, the following
ssiling Biogones also established by Schaub (1981)
have been recognioed : As. afl. arenensis Biozone,
ts. levmeriei Biozone and As. adrianensis Biozone.
The assemblages of Alveoling  and  nummulitids
{ Nummulites, Operculing, Assiling) determined in
thi= paper are shown in fgure 1. The top of Alveo-
lina cucwmiformis Biozone and the Alveolina ellip-
soidulis Biszone can be drawn in the stratotype if
the nearly sections of Puigmasana and Mur of Hot-
tinger (19604} aml Cuardia de Tremp and Puigeer-
vis of Gacmers (1978a. 1978b) are considered. The
Wrenling monssoulensis Biozone is not fouml in the
whole area. but it can be drawn in ligure 2 by cor-
relation with the N, rebustiformis Hiozone, Related
with N, fraasi. As. prisca and As, arencnsis Bio-
zones, which according to Schaul (1981) charae-
terised the Early lerdian, have been recognized by
this author in the Alkina, Llimiona. St Esteve and
Areny sections of Ferrer et al., (1973), and in the
Estorm section of Hottinger (1960a), spanning the
A. cucumiformis and A, ellipsoidalis Biozones.

The small benthic foraminifera were studied in
the Tremp section by Ferrer ef al, (1973) and le
Calvez (19751 bt no zonation or hilrill‘li"ﬁ:phirul
distribution was attempted for these shallow water
assemblages. New data from the Tremp section
(Ortiz ad MeDougall, 1991) sululivides the assem-
blages inte two zones which approximate the Pales-
vene, 1, and carly Eocene, BE2, bathyal biozones
of Berggren and Miller (1989). A thind sone could
be questionalily recognized (BEI, lowermost part).
Application of Berggren and Miller (1989) biozona-
tion can only be useld with caution as most age dia-
gnostic  species  are missing  from  these  shelf
assemblages. The boundary between bivzones BBI
and BB2 is placed in the lower part of Pattalophyllia
Clay, where the Paleocene species Cibicidoides hy-
phalus oecurs with early Eoeene speeies. Assem-
blages lower in the section inclwle the Paleocene
sprcies Anomalinoides rubiginosus, Cibicidoides al-
leni, Pullenia coryelli, Bulimina trigonalis, and
Spiroplectamming thaneteana. Early Focene species
present in the lower part of Pattalophsllia Clay and
higher in the section include Cibicidoides rocaenus,
Uvigering abbreviata, sl Honzawaia producta. A
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third hiszone is  questionabily  recognized in the
upper part of the section with the appearance of
Uvigerina coconensis. This species first oceurs in
planktic foraminiferal gone P9 (Boersma, 1984),
but benthie foraminifers in this and subadjacent
samples are ool age diagnostiv,

The planktic foraminifera were stinlied by several
workers (Gartoer and Hasv, 1962 ;0 Hillebrandi,
19465 : Luterbacher, 1969 : Ferrer ot al.. 1973 ;
Blow. 1979). but they are frequent only in the
malddle vt of the section., Hillebrandt ( 1965)
indicated the presence ol Psendohastigerina
eocaenica, which is a junior syoonym of Psewdo-
hastigering wileoxensis. This speeies whirh was oot
fonanald ||} Luterbacher (1969) or Il_'\' s, = |-r¢|hi]|||3-
very searce due to unlavorable enviconmental con-
ditions. Futhermore, by eorrelation with Campao.
Zumava amd other seetions we dliscoversd the real
cause, which is that Pseudohastigering appears later
in the Pyrences than in low latiedes. and by that
time the palesenvironnment in Tremp was too shal-
low [or Pseudohasiigering wilcoxensis o live in. Ae-
vording o our stwdy  the middle part of  the
stratotype  contains  the  following  association  of
planktic foraminifera : Morozovells edgari, Moro-
zavella grucilis, Morezovellu marginodentata, Woro
zovella  aequa.  Morozovella  Jacerti, Morozovella
subbotinae,  Muricoglobigering  esnchensis.  Muori-
coglobigerina  aquiensis,  Muricoglobigerinag  an-
gulose, Muricoglobigering  seldadeensis, Sublboting
Sinlayi, Subbotina patagonica. Subboting  triemgu-
laris. Planorotalites Fhmgﬂhl Aearining wilcoxensis,
Acarining  sirabocella,  Acarining  nitida ol
Clobanomaling ovalis, This assemblage conlil corres-
poni to the €. marginodentarn Biozone of Hille-
bramdt (19635 ), 10 the upper part of G, veluscoensis
Bioeome of Bolli ( 1966 ) and Toumarkine anid Luter-
bacher (1985 ) o the Pha Biozone of Berggren and
Miller (1988) and to the upper part of the Woro-
sovella aequa Biogone  of Canudo and - Maoling
(1992). Nevertheless, if Pseadohastigering wilcox-
ensiz is absent bevause of the ceology, this interval
coulil alsy correspond 1o the M. edgars Bivzone of
Towmarkine and Luterbacher (1985 ), the Pl Zone
of Berggren and Miller (1988) and the Psendo-
Flﬁ:dr}:c-rinn H'ffrtl.rpnxf& Riszone of Cammile and
Molina (1992}, The planktic foraminilera biogona-
tiom of the lower and upper parts of the stratotype,
which are very poor in this kind of microlossils,
can be dedoeed by correlation with the parastratlo-
Tywe.

The caleareons pannofossils were  studied by
Wilcoxon (1973 whoe uul}' recognizid the Marthas-
torites contortus anil Discoaster binodasus Biozones
through  the  Nevdian  stratotype. Kapellos  and

Schaub (1973, 1975) established the correlation
with the larger foraminifera biozonations, and by
resumpling the base and the wop of the section
lhr-_y' algi n-l'ﬂ.-_nikﬂl the Mscoaster maltiradia-
tus and the Tribirachiatus erthoseylos (= Mar-
thasterites  tribrachiotus) Biogones  respectively,
The different assemblages allow recognition of the
A9 jeonlirmed by correlation with the parasira-
tolype), NP1O, NP LT amd possibly N" 12 of the
Martini (1971) biozonation. In the Tremp section
[llr' imllw| "- lm.fnﬂuﬁi ur II‘H' NP12 Hiu!.ull,r is ab-
sent, bt this biozone coulid be also recognized by
the presenee of 1, kaeperi and T, pulcher. Neverthe-
liss. by corrclation with the parastratotype the
NP 12 Biozone s very questionabile in the upper
part of the Tremp section.

The dinoMagellates are searce amd were studied
by Caro (1973) who established three bivzones
(“Wetzeliella™ hyperacantha, Wetseliclln articulata
amid Werzeliella nnicoaudalis) for the middle prart ol
the Tremp seetion,

The wstracoda were studied by Carbonnel (1975)
amd  Tambarean (1975) and  recently by Léte
(1987 ). Two biozones were established : Echinoey-
thereis  isabenana  Biozone (Early  lerdian)  and
El"’]l‘ﬂ"l"}"hl'ﬂ"‘! "mﬂﬂ‘ﬂ‘l""’;‘ 'Ii-ll?i'lnl' {Midi“r ““ll
Late Herdian). Aveording to the new data of this
papier the Echinocythereis posterior Biozone is e
lined for the uppermost part of the Tremp section
{base with the first oecurence of this spevies. Lop
with its dicappearance). However. beeanse  the
Erhiuu:'_\'.fﬂllrpfs are rare near the defined  limits
these boundaries Tull lower in the Tremp seetion.

The molluses are sometimes abundant and data
were published by De Renzi (1967, 1975 ) who con-
sillereil their biostratigraphy, correlating them with
the European Evcene mollusenn Taunas.

The ﬂldg#ll'!tl.—-lmli;l‘ailllil‘ ricord of the 'l'ﬁ-m|-
section is characterized by o long reversed polariiy
gone intervupled by one normal period (Pascoal er
eil., 1991 ). Comparing the abtained mugnetic polarity
with the paleontological data it is suggested that the
II“I.I"I.I.'I'-" lhl'hﬂ*l‘n I.l“"‘ ‘.'ﬂ‘rﬂ:ﬂ‘l"l’;!ﬂ dnespeaen ﬂl]ll 1"“'
Psemdohastigering  wileoxensis  Biozones  (Coamnlo
and Molina, 1992, is located stratigraphically below
of the normal period. This boundary approximatels
voinvides with the ones bhetween W, velascoensis amld
V. edgari (Berggeen of al.. 1985), M. velascoensis
'"{l ‘I., 1"!'1'“‘[}'!'1' l.[. {'-:i.l"l'llll'r HI“.I. l'ml'nll..
1986). NP9 and NP 10 (Berggren e al.. 1985).
"oa amd Mol {Berggren amd Miller. 1988) and P6
amd PT (Blow, 1979 According to the relerence
sreales. the lirst pormal interval alter the mentioned
boundary coreespomds 1o the polarity Chron 24 .2,
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Thus the normal polarity interval found in the Her-
dinn stratotype could be the 24.2. Then. the lower
and upper reverseld intervals of the seetion are re-
spectively the 24,0 and the 24 The position of
these polarities in the Herdian stratotype aee : Chron
24.1r is in the Late llerdian and the wp of the
Middle llerdian, Chron 242 is in the Middle ller-
dian and Chron 24r is in the lower part of the
Middle llerdian and Early Terdian.

THE CAMPO SECTION
(PARASTRATOTYPE)

The Campo section crops oul along the Esera
river about 2 km south of the village of L'umpu.
The bottom of the lenlian parasteatolyps is per-
fectly exposed on the north side of the road 10 Ainsa
beginning st 0.34 km. while the Middle Herdian out-
crops west of the hamlet of Navarri, and the Late
lerdian may be observed along the road [rom
'Campu to Graus, near the 1'ill.ugr of Murillo de Liena
{Schoub, 1966, 1973, 1981 : Kapellos and Schaub,
1973, 1975).

Underlying the parastratotype are sediments of
marine facies of the Middle Thanetian with Alveslina
{Glomalveolina ) primacva,  Follmella  alovensis,
Operculing heberti, and of the Late Thanetian with
A. (6.} levis, Operculing azilensis and  Assiling
veettae (Hottinger, 1960a: Hottinger amd Schaub
in Hottinger et al., 1964 : Schaub, 1966, 1981 ;
Tambuireau and Villante. 1974 : Robador et al..
1990). There is a briel nop-marine intercalation
that  contains  charophytes.  between  the  Late
Thanetiun and the first lecdian sediments,

The Eurly Nevidinn (Alveoling cucumifirmis, Alve-
olina  ellipsoidalis  Bivgones) and  the  lowermost
Middle Herdian (Alveoling moussoulensis Bioeone) is
composed of 150 m of limestones that in the upper
pari alternate with marls. The rest of the Herdian
is made up of more than 550 m of silty marls that
were interpreted as a regressive sequence from lower
slope deposits, succeeded by prodela 1o offshore and
delta-front type sedimentation 1o the top of the Her-
dian (Mutti ot al.. 1972). Overlying the prograda-
Ll u[ ni.'ll}" mnrln to coarse samils are l]t'pnni'ln with
nummulitid rich layers that characteriee the Alve-
olina oblonge, N, plonularas Biozones and A, duinel-
lii, N, proclevigntus Biozones, The lithosieatigraphy
of this arca has been recently revised by Samsi
(1988) and Tosquella (1988). who ealablished o
subdivision of the classical formations previously
recognized in the basin.

The larger foraminifera were studied by Hottinger
(19a0a, 1977), Schaub (1966, 1973, 1981 ). Tam-
barean and Villune (1974), Recently, Samsié et al,
(1990), Tosquella et al. (1990), and Robador et
al. (1990) have recognized as the |.|r|'1.iul|a it s
the AfG.) primaeca and AfG.) levis Biozones
{Thanetiun), the A. cucumiformis and A, ellipsoidilis
Biozones (Early lerdian). the A. moussoulensis and
AL corbarica Hiozones (Middle Terdian) and the A.
oblonga and A. dainellii Bivzones. Corresponding to
nurmmiilitids Ihr,‘ have I‘l'rupl:i!ﬂl the Assilina
veertae Biozone (Late Thanetian), the N, fraomsi, As,
prisca amd As, arenensis Biozones (Early Herdian),
the N, robustiforss, N exilis, As. afl, areaensis
and As, leymeriei Biogones (Middle Herdian), the V.
planulaties and As. plana Biozones, and the N,
prupfm.-rigu.llu nﬂll As. ln.tia'p;r'u Bivzones, However,
they do p find the association that characierizes
the Late Derdian (A. rrempina, N. involures aml
As. adrianensis Biozones), becanse this zone of the
section s very poor in larger foraminifera due
probably to the great depth of the paleoenvironment
al that moment. All H-prri-l.-:t determinated ||_\' thiese:
anthors are indieated in figore 3.

Although the small benthie foraminifera in the
Campo section indicate a slightly deeper paleosn-
vironment than at the Tremp stratotype, the hathyal
biogonation of Berggren and Miller (1989) can only
be used with caution, as most of the diagnostic spe
cies are nol present in this section. Thres gones are
recognized which are equivalent to biozones BB,
BB2. amd BB3 (Ortiz and MeDougall, 1991 ). The
boundary between biozone BBl and BB2 occurs in
the lower part of the Riguala Marls, where the
Paleovene species Anomalinoides rubiginosus oveurs
with the Foeene speeimens transitional between €
alleni  (Paleocene) and €. eocaentens  (Eocene),
Paleovene species present lower in the section in-
clude  Cibicidoides  hyphalus, Cibicides  suecodens,
Spiroplectamming  thaneteana, and Tritaxiling in.
dentata, Species characteristic of the Early Eocene
oceurring higher in the section include Turrilina
brevispira, Losostomoides applinae, Uvigerina
abbreviata, U. batjesi and Hanzawaia produocta.
Biozone BB3 is revognized by the first appearance
of Cibicidoides subspirates in the mididle part of the
lateral equivalent marls of Roda Sandstone Forma-
tion of the Campo section. Althoogh this biszone
was correlated with ptunlﬂir foraminileral zone P9
to P13 (Berggren and Miller, 1989), older ovenr
rences ol Cibicidoides subspiratus which are re-
corded under the name Ciliicides fortunatus sagges
the base of the biozone is equivalent 1o planktic
foraminiferal zone Phe (uppermost part). Benthie
loraminifera continue to appear higher in the section
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but age diagnostic species become inereasingly rare
as waler depths decrease.

The planktic foraminifera were studied by Hille-
brandt (1965) whe recognized three zones :
Clobarvtalia  subbotinae-marginodentata  (G), Globo-
rotalia lensiformis (H) and Globoroialia formosa-
Acarinina  angulosa (1) and established the
correlation with the larger foraminiferal biozones.
Recently the planktic foraminifera have also been
studied by Molina et al. (1989), Canudo et al.
(1989), 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 Pseudohastigering has  been
found in higher horizons than those of Hillebrand
(1965). In the llerdian of the Campo section the
following biozones can be recognized : Morozovella
veluscoensis, Morozovella edgari and Morozovella
sihbotinae of Toumarkine and Luterbacher (1985),
Pha, Pob and Phe zones of Berggren and Miller
(1988) and Morozovella aequa and Pseudohastigerinag
wilcoxensis Biogones of Canudo and Molina (1992,
The planktic foraminiferal record continues in the
higher horizons which clearly belong to the Ypresian
(Morozovells aragonensis Biozone of Coanudo and
Molina (1992): Merozovelln formosa formosa Bio-
gone of Toumarkine and Luwtechbacher (1985) and
PT Biozone of Berggren and Miller (1988),

.rh[‘! l'ﬂ]l"ﬂr‘l"“]lﬁ “ﬂ“nl‘rl}ﬁﬂilﬂ Wit I‘udit"d h}'
Wilcoxon (1973) and Kapellos and Schaub (1975),
They recognized the same bivzones for the Herdian :
Discoaster multiradiotus, Marthasterites contortus,
Discoaster binodosus and Tribrachiams orthostylus
(= Marthasterites tribrachiatus). Recently, the cal-
careous nannoplankton have been restudied (Molina
et al., 1989 ; Canudo et al. 1989). In the Uerdian
and Ypresian interval the following zones of Martini
{1971} have been recognized : NP 9 (upper part),
NP 10, NP 11, NP 12 and NP 13.

The dinoflagellates were studied by Caro (1973
who recognized the following Herdian-Ypresian bio-
zones : “Werzelielln™ hyperacantha (upper part),
Werzeliells articulata, Weizeliella unicandealis and
Wetzeliella coleothrypta (lower part). He discussed
the stratigraphic value of these biozones indicating
their rtlarimihip with zonations based on other
groups of microfossils present in the Campo section,

The ostracoda were studied by Ducasse (1972)
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 bivzonation 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 lerdian parastra-
tolype 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 p.nlrnrllul‘-u‘ira! data with the
reference scales suggests that the lower part of the
section corresponds to Chron 25, The boundary be-
tween the Thanetian with the llerdian Alveoling
limestones is an unconformity characterized by the
presence of a hardground followed by  Quvial
deposits, The absence of the normal anomaly 25n
could be attributed o this gap. In the bottom of
the La Poblua level a normal polarity direction within
a problematic zone has been found. Although it is
recommended that at least three reliable directions
are used ot one site to make sure of the polarity,
this normal direction indicates that part of the La
Pobla level could correspond to Chron 24.2. Above
it there is a reversed period that continues into the
lower part of the marls equivalents to the Roda
Samilstone. The middle part of these marls corrves-
ponds to a normal polarity zene (Chron 24.1) and
the uppermost samples studied show a reversed
polarity zone that coreesponds to Chron 23r.

THE ILERDIAN AND THE
PALEOCENKE/EOCENE BOUNDARY

According to the data summarized in Ogures 1-4,
the chronestratigraphic position of the lerdian can
b ]lhﬁ'in'l}' determined. The data obtained from its
rich micropaleoniological record have been used 1o
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 (Herggren et al., 1985 ; Cavelier and Pomeraol,
1986 : Aubry et al.. 1988) considered the Ypresian
as the standard stage for the Early Eocene. Accord-
ing to biostratigraphical data published about the
Ypresian (Aubry, 1983 ; Steurbaut. 1988} it com-
prised the calcarcous nannofossil NP 102, NP 11,
NPI12, NP 13 and NP 14 (lower part) Biozones,
aml the Cuisian stage completely overlaps with the
Ypresian, being a junior synonym.
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In the Late Paleocene ihe Thanetian has been
the mure frequently used standard stage. Aeconding
o Corry (1981) and Hamilton amil Hajjarzadsh
(1982 the stratotype belongs o NP B and the base
of NP 9. Nevertheless, the NP9 imdex form [is-
couster multiradiates, was oot found by Aubry
(1983) who believes that the greater part helongs
to NP8 and the non-Tossililerous estreme base may
b ssliber. The Selandian, which is another Paleoeene
stage. has been revised by Pereh-Nielen and Hasen
(198 1) who determined thar jis bhase may corres-
pomd 10 Zone NP4 (upper part), which is much
older than the Thanctian. The “Unfossiliferous
Clay™, that constitines the top of the Selandian, by
correlation based oo mdireet evidenee coiild corres-
pond 1t NP9 (lower part). Aecording to Cavelier
amd Pomerol (19860, the atribution of this later
Formation 1||rl||'u.|h]3' uncanformalile) 1o the Seland-
fan remains debateable,

The llerdian stage. in terms of calearesus nan-
nofossils corvesponds 0 NP9 (upper part), NIP 1O
anil NI" 1 | Biozones of Marting i 197 11, The extreme
base of the lerdian was mainly davsd as the e
oling cocumiformis Biozone, which is now correlatel
in the lower part of the planktic foraminifera Moro-
zovella  aequa  Biozone of Canudo and Molina
(1992). The top of the lerdian was mainly dated
by the Alvwoling tremping Biozone, which is now
rorrelated with the plankiic foraminifera W formosa-
M densiformis (P6e) of Berggren and Miller (1988),
Consequently, the Early Needian spans o gap be-
tween the Thaocetian and the Ypresion that is not
represented in any Enropean marine classical stuges,
The Sparnacian and the Late Landenian, that seem
to eover this interval. are both made up of conti-
neotal fucies and are unsuitable 0 e considered
as stamdard stages. The Middle and Late lerdian
overlap with the Ypresian, since the calearcous nan-
nolossils NI" 10 ? and NP 11 Biozones has been ree-
ognized in both stages. This was also concluded by
Bignot and Moorkens (1975) and by Cavelier and
Pomerol (1986) who more precisely indicated that
the dinolagellata W2 Biozone was also recognized
in the Middle lerdian and in the base of the Ypre-
siam,

The Palescene/Eocene boundary is a problem
sinee there s not vet a geoeral agreement on its

position on the geologic time scale. In onder 1o pre-
ri-rl} II'.I‘!“ this lHllil‘lllﬂ.lT. the lnternational Sub-
commission on Paleogene Stratigraphy has organized
a Werking Croup to establish a Paleocens/Eocene
Boumlary Stratotype. The Palescene/Eocene bound-
ary used tlay has different placements depending
on the speciality of the authors, For Mammalogists
it must e located between the Paris basio Thanetion
and  Sparnacian,  for  specialists i larger
foraminifera at the base of the llerdian and for the
majority of the specialists in planktic foraminifera
at the Psewdohastigering Grst appearance “datum”,
which i believed to oceur at the base of the Ypre-
sian.

Ta salve some problems Plaziat (1975) suggestesd
maoving the lower limit of the Derdian down so as
to include the Clomalveoling levis zone, so that it
would corvelate with the  mammalion  houndary.
Nevertheless, it is not clear whether the major hreak
in  mammalian  fasnas  coincides  with  the
Thanetian/Sparnacian  boundary  or  with  the
Thanectian/Uerdian boundary. By that time Pomerol
(1975) praposed the placement of the Paleocene/Eo-
cene boundary st the base of the Derdian. Aecording
to Cavelier and Pomeral (1986) the VE houndary
based on a major break in mammalian faunas occurs
practically at the base of the Morozovella velascoen-
sis Zowe (P5) anid at the point where Nummulites
and large Musculinized Alveoling appear, corres.
ponding with other bivstratigraphical, magnetosteati-
graphical and geochemical hreaks. Aveording to this
proposal the IVE boundary could correspomd with
the Thaonetian/lerdian boundary.

The Psewdohustigerinag “datum™ has been used
by some authors o define the PaleoceneFocene
boundary. which induced Plaziat (1981) 10 propese
the lswering of the upper Limit of the Herdian (trying
to adapt exuetly the lerdian to the range of the
objectionable Sparnacian) 1o place it hetween the
Ao moussonlensis ol A, corbarica Biozones, How-
ever, the Psendohastigering Dirst appearanee datum
plane does nol seem 1o be very isochronons and
there are some taxonomic problems in discriminating
between Pseudohastigerina wilcoxensis and its an-
cestor Globanomaling ovalis, Furthermore, it is n
clear whether the first appearance of Pseudo-
hastigering coincides with the base of the Ypresian;

Fii, 1.~ Dutegrated stratigraply in the Campme sevtion (Henlion parastrattype).
Stentigraphie intdgrée de o ocoupe de Campa ( Parasteatorvpe de Pleridion ),
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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 Paleocene/Eocene boundary need
further study. At this stage, we propose to define a
time interval ealled “Paleocene/Eocene boundary
time span”, which comprises from the base of the
lerdian to the base of the Ypresian.

CONCLUSION

The base of the llerdian is placed in the base of
the Alveolina encumiformis Biozone, in the base of
Nummulites fraasi Biozone, in the base of Assilina
prisca Biozone, in the upper part of Angulogave-
linelle avnimelechi-Anomalinoides ruliginosis (BER1 )
Biozone, in the lower part of Echinocythereis isa-
benana Biozone. in the middle part of “Wetzaliella™
hyperucantha Biozone, in the middle part of Dis-
coaster multiradiatus (NP 9) Biogone, in the lower
part of Morosevella aequa Biozone and in Chron

bl

The tap of the Herdian is placed in the Alveoling
trempina Biozone, in the Nummulites involutus Bio-
zone, in the Assiling adrionensis Biozone, in the
lowermost part of Cibicidoides subspirarus (BB3)
Biozone, in the lower part of Echinoeythereis post-
erior Biozone, in the upper part of Wetzeliolla uni-
camdalis  Biozone, in  the uppermost  part  of
Discoaster binodosus (NP 11) Biozone, in the upper
part of Pseudohastigering wilcoxensis Biogone 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 Her-
dian overlap with the Ypresian but the Early ler-
dian spans a pap between the Thanetian and
Ypresian that is not represented in any of the
Furopean marine classical stages,
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