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Abstract
Some stratigraphers have recently insisted that for historical reasons, the Neogene (Miocene + Pliocene) should be extended to the present.
However, despite some ambiguity in its application by Moriz Hörnes in the 1850s, the “Neogene” was widely adopted by European geologists to
refer to the Miocene and Pliocene of Lyell, but excluding the “Diluvium” (later to become the Pleistocene) and “Alluvium” (later to become the
Holocene).
During the late 19th and early 20th centuries, the ends of the Neogene, Tertiary and Pliocene evolved in response to the progressive lowering
of the beginnings of the Quaternary and Pleistocene. This evolution was a logical result of the widespread views that the most recent “ice ages”
were worthy of recognition as a formal unit of the standard geologic time scale, and that the structure of this time scale must be strictly
hierarchical.
Motivations for the extension of the Neogene to the present include the desire to establish a monopoly for marine biochronology in the
definition of standard global chronostratigraphic boundaries. This agenda would also eliminate the Tertiary, Quaternary, and Holocene. These
changes are unnecessary. There is every reason to retain the traditional hierarchical structure of the Cenozoic time scale.
© 2008 Published by Elsevier B.V.
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1. Introduction
In the late 19th Century and for the first two-thirds of the
20th Century, the term “Neogene” was almost universally used
to refer to the later part of the Tertiary Period, consisting of the
Miocene and Pliocene epochs, and excluding the succeeding
Quaternary Period (itself consisting of the Pleistocene and
Holocene epochs; see Fig. 1). Since the 1950s, however, several
authors have advocated that the Neogene be extended to the
present. Among them are Neaverson (1955), Denizot (1957),
Banner and Blow (1965), Dott and Batten (1971), Berggren and
Van Couvering (1974), Jenkins et al. (1985), Berggren et al.
(1985, 1995a,b), Steininger (2002), and Prothero and Dott
(2004). In particular, the review paper of Berggren (1998)
seems to have played a major role in convincing the InterE-mail address: slwalsh@sdnhm.org.
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national Commission on Stratigraphy (ICS) to extend the
Neogene to the present and to eliminate the Tertiary and
Quaternary as ranked units (Gradstein et al., 2004a,b; Lourens
et al., 2004). However, this restructuring of the Cenozoic time
scale was greeted with a storm of protest (Salvador, 2004; Giles,
2005), and several new proposals for the subdivision of the
Cenozoic were subsequently made (Pillans and Naish, 2004;
Gibbard et al., 2005; Aubry et al., 2005; Suguio et al., 2005;
Gradstein, 2005).
In response to this controversy, Salvador (2006a,b)
demonstrated that “Tertiary” is still used more frequently
than either Paleogene or Neogene in stratigraphic publications, and that “Quaternary” is probably used more than any
other standard global geochronologic unit. Gibbard et al.
(2005) and Zalasiewicz et al. (2006) presented additional
arguments for the retention of the Tertiary and Quaternary.
Walsh (2006) also showed that if Tertiary and Quaternary are
to be formally ranked, then the only subdivision consistent
with the principles of hierarchical classification is one in
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2. Origin of the term “Neogene”
2.1. Moriz Hörnes and the fossil molluscs of the Vienna Basin

Fig. 1. Traditional structure of the Cenozoic standard global time scale (e.g.,
Salvador, 1994). Currently accepted stage names from Luterbacher et al. (2004)
and Lourens et al. (2004).

which the Cenozoic is composed of the Tertiary and Quaternary, the Tertiary is composed of the Paleogene and Neogene, and the Quaternary is composed of the Pleistocene and
Holocene.
Because previous analyses of the “Neogene” have been
highly influential and yet incomplete in my view, the main
purpose of this paper is to more fully document the origin
and evolution of this term. Although detailed discussions of
the history of a geochronologic term as presented in
Berggren (1998), Steininger (2002), and this paper may
seem unimportant, they are worthwhile if they can clarify
the nature of more fundamental disagreements. In the case
of the Neogene and Quaternary, these disagreements involve
the roles of climatic, mammalian biochronologic, and marine
biochronologic criteria in the definition and ranking of some
of our most important Cenozoic standard global geochronologic units. In presenting a more comprehensive history
of usage of the Neogene, I wish to better illuminate this
debate.

In the middle of the 19th century, Wilhelm von Haidinger2,
Director of the Foundation of the kaiserlich-königlichen
geologischen Reichsanstalt in Vienna, asked Moriz Hörnes3
(Fig. 2) to undertake a study of the Tertiary molluscs of the
Vienna Basin, in collaboration with Paul Partsch (von
Haidinger, 1851). Early reports on the planning and progress
of their work were given by Hörnes (1850a,b, 1851a), and this
work would be published in numerous successive articles in the
Abhandlungen der kaiserlich-königlichen geologischen Reichsanstalt between 1851 and 1870 (a complete citation for the
original series of articles comprising Band I is given by Snyder,
1999). These articles were later published together in book form
in two volumes. Band I, “Univalvia” (Gastropoda) was
published in 1856 (Hörnes and Partsch, 1856; see Jones, 1857
for a review), and Band II, “Bivalvea” was published two years
after Hörnes’ death, being completed by August Reuss (Hörnes
and Reuss, 1870; see Vávra, 2001).
Denizot (1957), Steininger (1981), and many others have
maintained that the term Neogene was first coined by Hörnes in
a letter to H.G. Bronn dated 3 October 1853 (Hörnes, 1853a).
However, Hörnes had previously used the terms “NeogenEpoche” and “Neogenablagerungen” (Neogene deposits) in a
short report on a collection of fossil molluscs from Ottnang,
Austria. This report was presented at the 11 March 1853
meeting of the k.-k. geologischen Reichsanstalt (Hörnes,
1853b). Still earlier, however, the first published use of
“Neogene” appears to have been by Hörnes (1851b) in the
first separate of his treatise (see early reviews by von Hauer
(1852) and Anonymous (1852), both of which noted Hörnes’
use of the term “Neogene”). Although I have been unable to
obtain a copy of this paper as it originally appeared, Hörnes’
Vorerinnerung (Preface) in Hörnes and Partsch (1856) is dated 1
July 1851, and seems to have been reproduced directly from the
original publication (see the page citations in Anonymous,
1852, p. 113, which match those of Hörnes and Partsch, 1856).
Accordingly, the term “Neogene” was introduced by Hörnes
(1851b, p. 9), who stated:
“For now I only want to point out that the calculations of
percentages, which form the basis for the subdivisions of
Tertiary formations, according to Lyell, into Eocene,
Miocene and Pliocene, have created an unnatural division,
inasmuch as the great similarity of the so-called Pliocene and

2

Wilhelm von Haidinger 1795–1871. See Riedl-Dorn (1998) and Leutner
(1999) for additional information. Biographical information for most of the
19th and early 20th century geologists discussed here can be found in
Poggendorff (1863), Feddersen and von Oettingen (1898), von Oettingen
(1904), and Sargeant (1980).
2
Moriz Hörnes, 1815–1868. At the time, Hörnes was Assistant Curator at the
Imperial-Royal Court Mineralogical Museum, and Partsch was the Curator
(Hörnes, 1850b). Hörnes would become Curator and Director after Partsch's
death in 1856. See Hébert (1869), Riedl-Dorn (1998), and the website of the
Hoernes family [ http://www.hoernes.net/index.php?id=56].
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geologic time scale were prevented by his untimely death in
1868 (Hörnes and Reuss, 1870, p. 466–467).
2.2. Beyrich’s criticism
Soon after its introduction by Hörnes (1851b), the term
“Neogene” was mentioned by Beyrich (1853)5. After first
noting the excellent ongoing work of Hörnes in the Vienna
Basin and its importance to his own study of the Tertiary
molluscs of northern Germany (pp. 274–275), Beyrich (1853,
pp. 282–283) nevertheless questioned the need for his
colleague’s new term:

Fig. 2. Undated portrait of Moriz Hörnes, but ca. 1860s.

Miocene deposits makes it inevitable that these two should be
combined. The striking difference of the Eocene forms, on the
other hand, makes their separation appear as one really based
in nature. Therefore one will probably come to the conclusion
that there are only two formations: an ”old-tertiary,” Eocene
one, and a “recent-tertiary” one, or Neogene. Further
discussion of the hypothesis stated here will be given at the
end of this work and will be explained through a summary of
all Tertiary fossils.”[Italics in original]4
Unfortunately, the publication of Hörnes’ mature views on
the stratigraphy and nomenclature of the Vienna Basin and the

4
“Vorläufig will ich hier nur bemerken, dass die Procentenberechnungen,
worauf sich die Unterscheidung der Tertiärformationen nach Lyell in Eocen,
Miocen und Pliocen basiren, eine widernatürliche Trennung veranlasst haben;
indem bei der grossen Aehnlichkeit der sogenannten pliocenen und miocenen
Ablagerungen eine Vereinigung derselben unausweichlich ist. Dieser Erscheinung entgegengesetzt ist die auffallende Verschiedenheit der eocenen Formen,
so dass sich diese Trennung als eine wirklich in der Natur begründete darstellt.
Es wird sich daher in der Folge wahrscheinlich herausstellen, dass es nur eine
alttertiäre oder eocene und eine jungtertiäre oder neogene Formation gebe. Die
weitere Auseinandersetzung des hier aufgestellten Satzes wird am Schlusse des
Werkes gegeben und durch eine Zusammenstellung sämmtlicher tertiären
Fossilen erläutert werden [italics in original].”

“Since Lower Miocene [i.e., Oligocene] formations are
intermediate both in their paleontological characteristics and
in their stratigraphic position between Eocene and typical
Miocene formations, they eliminate the clear distinction
which exists in those regions where they do not occur
between the Eocene and Miocene Tertiary terranes. In
Belgium this is so pronounced that Dumont thought one
could generally combine the Eocene and Miocene in the
Tertiary terranes as an older formation, from which the
Pliocene is distinctly separated as a younger formation. His
view in this matter is just as shortsighted, and only appropriate for a local situation, as the opinion which originated
elsewhere, that Pliocene and Miocene should be separated
from the Eocene as more closely related formations under the
name Neogene. The terms Eocene, Miocene, and Pliocene
represent time periods whose middle sections are well-known
to us, but whose beginnings and endings flow into each other,
as is increasingly the case with all geologic time periods the
more we learn about them. If we cannot find any sharp
boundaries in the faunas, this is no reason to drop the
distinction between periods.”6
5
August Heinrich Ernst Beyrich (1815–1896). See Feddersen and von
Oettingen (1898) and Sargeant (1980). Later, in his important paper on the
Oligocene, Beyrich (1859, p. 58–59) would tacitly approve the use of the term
“Neogene” for the concept of “late Tertiary” if the Eocene and Oligocene were
understood as early and middle Tertiary, respectively. Interestingly, Helms
(1997, p. 299) indicated that an extensive correspondence between Beyrich and
Moriz Hörnes is preserved in the Paläontologisches Institut des Museums für
Naturkunde in Berlin. An examination of this correspondence would doubtlessly be fascinating, but is beyond the scope of this paper.
6
“Indem sich die untermiocänen Formationen in ihrem paläontologischen
Charakter ebenso wie in ihrer Lagerung zwischenschieben zwischen die
eocänen und die typisch miocänen, heben sie die scharfe Scheidung auf, welche
in denjenigen Gegenden, wo sie nicht entwickelt sind, das eocäne vom
miocänen Tertiär-gebirge entfernt. Dies ist in Belgien in dem Grade der Fall,
dass Dumont glaubte, man könne allgemeiner im Tertiärgebirge das Eocän und
das Miocän als eine ältere Reihe verbinden, von welcher das Pliocän als eine
jüngere Reihe mit bestimmterem Absatz sich scheide. Seine Ansicht ist darin
eben so kurzsichtig und nur für lokale Verhältnisse passend, wie die auf
anderem Boden entstandene Meinung, man solle Pliocän und Miocän als enger
verknüpfte Bildungen unter der gemeinsamen Benennung Neogen von dem
Eocän sondern. Die namen Eocän, Miocän und Pliocän repräsentiren
Zeitabschnitte, deren Mitten uns wohl bekannt sind, deren Anfang und Ende
aber eben so ineinander verlaufen, wie dies bei allen geologischen zeitlichen
Unterscheidungen, je mehr sich unsere Kenntniss erweitert, immer mehr und
mehr der Fall wird. Wenn wir in den Faunen keine scharfen Grenzen
wahrnehmen, so ist dies kein Grund deshalb die zeitliche Unterscheidung fallen
zu lassen.”
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Beyrich’s cogent criticisms partly motivated Hörnes’
(1853a) letter to H.G. Bronn, co-editor of the Neues Jahrbuch
für Mineralogie, Geologie, Geognosie und Petrefaktenkunde.
Hörnes (1853a, p. 807–808) stated:
“At this occasion I can’t help developing the reasons
which led me to suggest the merging of the so-called Miocene and Pliocene deposits under the common designation
Neogene, particularly because my esteemed friend Prof.
Beyrich (1853), in his excellent work ”die Konchylien des
norddeutschen Tertiär-Gebirges,” spoke out against this
suggestion…
It cannot be denied that for some time several paleontologists recognized the close relationship of Miocene and
Pliocene deposits, in particular you yourself pointed this out
repeatedly in 1838 in the first printing of your Lethaea
[Lethaea Geognostica; Bronn 1838], but there were too few
reasons then for deviating from the generally accepted
subdivisions. During continuing studies of fossils from
individual Tertiary basins, specifically the work of Philippi,
Sismonda, etc., and also the new studies in the Vienna
Basin, the boundaries between Miocene and Pliocene deposits faded away so that in the end the boundary could no
longer be determined. The more this boundary becomes
indistinct the clearer becomes the contrast between the
Eocene and Miocene faunas.”7
Once again, Hörnes (1853a) was concerned mainly with
emphasizing the similarities between Miocene and Pliocene
molluscan faunas and the contrast between this collective
assemblage and that of the Eocene, rather than with
providing exact definitions of the boundaries of the Neogene.
Although the question of the end of the Neogene will be the
main focus of this paper, Hörnes’ concept of the beginning of
the Neogene has to my knowledge not been discussed in
much detail. It will therefore be briefly addressed here in
order to encourage a more comprehensive historiographical
study.

7
“Bei dieser Gelegenheit kann ich nicht umhin, die Gründe zu entwickeln,
die mich veranlasst haben, die Vereinigung der sogenannten Meiocän und
Pleiocän-Ablagerungen unter eine gemeinsame Bezeichnung ”Neogene” zu
beantragen. Besonders desshalb, weil mein verehrter Freund, Hr. Prof. Beyrich,
in seinem trefflichen Werke “die Konchylien des norddeutschen TertiärGebirges” sich entschieden gegen diese Annahme ausspricht… Es ist zwar nicht
zu läugnen, dass schon lange mehren Paläontologen die grosse Verwandtschaft
der meiocänen und pleiocänen Ablagerungen aufgefallen ist, namentlich haben
Sie selbst schon im Jahre 1838 bei der Herausgabe der ersten Auflage Ihrer
“Lethaea” auf diese Verhältnisse wiederholt hingewiesen; allein es lagen
damals noch zu wenig Gründe vor, um von dieser einmal allgemein
angenommenen Eintheilung abzugehen. Bei den fortgesetzten genaueren
Studien über die Fossilien der einzelnen Tertiär-Becken, namentlich durch
die Arbeiten von Philippi, Sismonda u.s.w., ferner durch die neuren Studien im
Wiener Becken schwanden immer mehr die Grenzen zwischen den meiocänen
und pleiocänen Ablagerungen, so dass man am Ende dieselben nicht mehr zu
bestimmen im Stande ist. Je mehr nun diese Grenzen sich vermischen, desto
schärfer tritt der Gegensatz zwischen der eocänen und meiocänen Fauna
hervor.”

45

3. Hörnes’ concept of the beginning of the Neogene
Hörnes’ (1851b, 1853a) biochronological definition of
the beginning of the Neogene was a bit imprecise, simply
because the definition of the beginning of the Miocene was
inherently imprecise at that time. In addition, Hörnes (1853a,
1854a) emphasized that the Neogene strata of central Europe
were always found to overlie the Eocene strata with an angular
unconformity, a relationship later illustrated by von Hauer
(1858, p. 108) and R. Hoernes (1903, p. 925). Thus, as noted by
Steininger (1981), Moriz Hörnes’ original concept of the
Neogene included aspects of what we would now call
biochronologic and unconformity-bounded units. However,
the tectonic component of Hörnes’ concept of the beginning of
the Neogene would soon become dispensible. First, numerous
essentially flat-lying Oligocene strata would be recognized in
Germany (Beyrich, 1853; Sandberger, 1853; Beyrich, 1854;
Hamilton, 1854; Beyrich, 1859), and second, some of the highly
tilted Alpine “Molasse” formations would be recognized as
Miocene in age (Studer, 1851–1853).
Despite these minor ambiguities, Van Couvering’s (1997,
p. xii) suggestion that Hörnes included in the Neogene most or
all of what is now the Oligocene can be readily refuted. Hörnes
(1853a, p. 808) stated:
“As discussed by Beyrich (1853), Dumont, on the basis of
mineralogical characters of the deposits, suggested a
combination of the Eocene and Miocene strata in Belgium.
However, we must explicitly note here that Dumont did
not base this opinion on the zoological character of the
faunas, an error which Lyell (1852a) soon corrected in his
excellent paper bringing order to the Tertiary strata of
Belgium. With his usual acute perception he recognized the
Eocene nature of Dumont’s Tongrian and Rupelian systems
and established them as upper members of the Eocene
Formation, while the Bolderberg Sand is definitely
Miocene. The boundary of the Eocene and Miocene is thus
as sharply marked in the faunas of Belgium as elsewhere,
e.g. in the basin of the Gironde, where the deposits of Gaaz
and Lesbarritz were likewise recognized as definitely
Eocene.”8
Hörnes (1853a, p. 808) then went on to disagree with
Beyrich’s (1853) view that the Tongrian and Rupelian should
be assigned to the lower Miocene. Interestingly, some time

8
“Allerdings hat Dumont, auf mineralogische Charaktere der Ablagerungen
gestützt, in Belgien eine Vereinigung der Eocän-und Meiocän-Schichten
vorgeschlagen, wie Beyrich erwähnt; allein wir müssen hier ausdrücklich
bemerken, dass Dumont diese Ansicht nicht auf den zoologischen Charakter
der Fauna basirte, ein Fehler, den Lyell bald wieder gut machte, indem er in
seiner trefflichen Abhandlung Ordnung in die Tertiär-Schichten von Belgien
brachte. Mit gewohntem Scharfblicke hatte er den eocänen Typus des
Tongrischen und Rüpelmonder Systems Dumont’s erkannt und als ein oberes
Glied der Eocän-Formation aufgestellt, während der Sand des Bolderberges
entschieden meiocän ist. Die Grenze des Eocän und Meiocän ist also in Belgien
in der Fauna eben so scharf markirt wie anderwärts, wie z. B. im Becken der
Gironde, wo die Ablagerungen von Gaas und Lesbarritz alsogleich als
entschieden eocän erkannt wurden.”
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between 1858 and 1861, Hörnes had accepted Beyrich’s term
“Oligocene,” but apparently still regarded the Oligocene as a
subdivision of the Eocene. Thus, Jokély (1861, p. 380)
stated:
“The term “Neogene” is here of course understood in a much
broader geological sense; for recently Dr. Hoernes has
sharply separated the Oligocene, which is also represented in
the Vienna Basin, from the “Neogene” (Upper Miocene and
Pliocene), and at present assigns it to the upper Eocene
Formation.“ [“Der Begriff des “Neogen” ist hier freilich in
einem viel weiteren geologischen Sinne aufgefasst; denn
Herr Dr. Hornes scheidet in neurer Zeit das Oligocen, welches
auch im Wiener Becken vertreten, vom “Neogen” (OberMiocene und Pliocen) scharf ab und rechnet es derzeit zur
oberen Eocenformation.”]
I have been unable to locate a specific paper by Hörnes to
which Jokély (1861) may have been referring. However, this
verbal redefinition of the beginning of the Neogene was
apparently necessary in Hörnes’ view because Lyell (1857a)
had referred Beyrich’s Oligocene strata to the Lower Miocene
rather than to the Upper Eocene (see Berggren, 1998, p. 118).
Also, Jokély (1858, 1861) had included the Oligocene in the
Neogene, and Hörnes was evidently opposed to this expansion
of the meaning of his term to include strata that he still regarded
as Upper Eocene (Hörnes, 1853a, p. 808; 1854a; Hörnes and
Partsch, 1856, p. 405). Whatever the case may be, Hörnes
(1864) eventually regarded the Eocene, Oligocene, and
Neogene as mutually exclusive time intervals.
A more relevant question for Cenozoic chronostratigraphy,
given the recent formal definition of the Oligocene/Miocene
boundary (Steininger et al., 1997), would be whether Moriz
Hörnes included undoubted Aquitanian (earliest Miocene)
strata in the Neogene. Unfortunately, to my knowledge, Hörnes
never provided a detailed discussion of Mayer’s (1858) stages.
Our understanding of this problem is further complicated by the
fact that there are numerous ambiguities involved in the early
use of the name “Aquitanian” (Berggren, 1963; Drooger, 1964;
Berggren, 1971). One ambiguity results from Mayer’s (1858, p.
171) simultaneous assignment of the Aquitanian to both the
Oligocene and the Neogene, while another results from
Beyrich’s (1859, p. 69) conclusion that the upper boundary of
his Oligocene series occurred in the middle of Mayer’s
Aquitanian Stage.
In the only passage I have found in Hörnes and Reuss (1870,
p. 123–124) specifically mentioning the Aquitanian Stage,
Hörnes regarded the Aquitanian as pertaining to the lowest part
of the upper Miocene (sensu Lyell), but cited “Aquitanian”
localities that were considered by Denizot (1957, p. 107, 122,
176) to be both Aquitanian (Faluns de Mérignac) and Burdigalian (Saucats, Léognan). According to Drooger (1964,
p. 371), however, some of these place names have strata of
different ages, so it would be presumptuous to infer Hörnes’
intentions on the basis of this evidence alone.
Interestingly, no Aquitanian strata are recorded by Piller et al.
(2004) from the Viennese and Styrian basins. Not surprisingly
perhaps, as noted by Denizot (1957, p. 141), several Austrian

workers of the late 19th century defined the Neogene so as to
begin with the “first Mediterranean stage” (Burdigalien Stage
of Depéret, 1892a), rather than with the Aquitanian Stage
(Hoernes, 1903, p. 919; see also Kuehn, 1962, p. 287).
Nevertheless, if additional historiographical work should reveal
that Hörnes’ concept of the beginning of the Neogene was
somewhat different from the beginning of the Neogene as
formally defined by Steininger et al. (1997), that would not
render the latter definition invalid, for reasons discussed by
Walsh (2006) and below.
4. Hörnes’ concept of the end of the Neogene
4.1. The evolving definitions of “Tertiary” and “Pliocene” in
the 1840s
Given Hörnes’ (1851b, 1853a) definition of the Neogene as
“young Tertiary” and as a “merging of Miocene and Pliocene
deposits,” it is necessary to understand contemporary definitions of “Tertiary,” “Pliocene,” and related terms in order to
appreciate his meaning (Fig. 3). Lyell’s (1833, p. 53) original
definition of the Pliocene (consisting of the Older Pliocene and
Newer Pliocene) specifically excluded the “Recent” interval,
the latter being defined as “[the time] which has elapsed since
the earth has been tenanted by man” (Lyell, 1833, p. 32). Lyell
(1833) clearly believed this Recent interval to be only a few
thousand years in duration, roughly corresponding to the
modern Holocene Epoch. However, some ambiguity is evident
in Lyell’s (1833) original concept of the Newer Pliocene/Recent
boundary, for he also stated (p. 54):
“The newer Pliocene formations, before alluded to, pass
insensibly into those of the Recent epoch, and contain an
immense preponderance of recent species. It will be seen
that of two hundred and twenty-six species, found in the
Sicilian beds, only ten are extinct or unknown species,
although the antiquity of these tertiary deposits, as contrasted with our most remote historical eras, is immensely
great.”
Accordingly, in the second edition of Elements of Geology,
Lyell (1841, vol. 1, pp. 210–212; 214–215) envisioned the ends
of the Pliocene and Tertiary to occur much earlier than the
presumed first appearance of humans when he defined the term
“Post-Pliocene”:
“I have adopted the term Post-Pliocene for those strata,
which are sometimes called modern, and which are
characterized by having all the imbedded fossil shells
identical with species now living, whereas even the Newer
Pliocene or newest of the tertiary deposits contain always
some small proportion of shells of extinct species… That
portion of the Post-Pliocene group which belongs to the
human epoch, and which is sometimes called Recent, forms
a very insignificant feature in the geological structure of the
earth’s crust [italics added].”
This definition of the end of Tertiary time was also used
by Lyell (1840, v. 1, p. 285) in the 6th edition of Principles
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Fig. 3. Evolution of Charles Lyell's usage of “Pliocene” and related terms, along with the classifications of Forbes (1846), Prestwich (1886–1888), Haug (1911), and
the two competing modern schemes. 1833: The “English Crag” and the Subapennine beds of Italy are listed by Lyell as types of the Older Pliocene, and the “loess of
the Rhine” is assigned to the Newer Pliocene. 1839: Lyell, 1939a suggests “Pleistocene” as a replacement for “Newer Pliocene,” and changes his statistical definitions
of the Miocene/ Pliocene and Pliocene/Pleistocene boundaries. He also recognizes three distinct units within the original “English Crag,” and assigns the Red Crag and
Coralline Crag to the Miocene. 1841: Lyell does not mention the term “Pleistocene” and coins the term “post-Pliocene” for those strata with mollusc assemblages
containing 99–100% extant species, including the “Recent” interval. He also assigns the loess of the Rhine to the Post-Pliocene and recognizes some parts of the
“Boulder formation” as Newer Pliocene, and other parts as post-Pliocene. 1846: Forbes assigns the Red Crag to the Pleiocene, but assigns the Norwich Crag, glacial
deposits, and Sicilian and Rhodian tertiaries to the Pleistocene. 1851–1857: Closely following Forbes' usage, Lyell again regards “Pleistocene” as an optional
synonym of “Newer Pliocene.” He reassigns the Red Crag and Coralline Crag to the Older Pliocene, and assigns the Norwich Crag and Cromer Forest-bed to the
Newer Pliocene = Pleistocene. The older part of the “Boulder Formation” is now called “Glacial drift,” and is assigned to the Newer Pliocene. Confusingly, Lyell uses
“post-Pliocene” for post-Tertiary time, as well as for post-Tertiary time prior to the Recent. 1865: Lyell explicitly defines the “post-Pliocene” as post-Tertiary time
excluding the Recent. He discourages use of the term “Pleistocene” and assigns the Cromer Forest-bed and all glacial deposits to the post-Pliocene. Owing to the
discovery of archaeological remains in the post-Pliocene strata, Lyell redefines the beginning of the Recent interval as the time when mammalian faunas begin to
consist entirely of extant species. 1873–1874: Lyell replaces the term “post-Pliocene” with “Pleistocene,” and reassigns the Norfolk drift and Cromer Forest-bed to the
Newer Pliocene. 1886–1888: Prestwich abandons the term “Newer Pliocene,” defines the Pleistocene so as to consist of the Pleistocene plus most of the Newer
Pliocene of Lyell (1873, 1874), and defines the Quaternary to consist of the Pleistocene + Recent. 1911: Haug restricts the Pleistocene to the post-Cromerian, preHolocene glacial deposits, and extends the Quaternary downward to include the Norwich Crag and the Calabrian Stage. 1985-present: Aguirre and Pasini (1985)
formally define the Pliocene/Pleistocene boundary (and by implication the Tertiary/Quaternary boundary) by means of a GSSP at Vrica, Italy, currently dated at about
1.8 Ma. This definition results in the Norwich Crag being assigned to the Pliocene. Other Quaternarists, however, would prefer a Plio–Pleistocene boundary at 2.6 Ma,
which would make both the Red Crag and Norwich Crag early Pleistocene. This arrangement was previously discussed by Prestwich (1888, p. 441) and was
commonly accepted by British stratigraphers in the 20th century (e.g., Baden-Powell, 1950; Oakley and Baden-Powell, 1963, p. 133; Gibbard et al., 1998; Bowen,
1999). Depicted relative durations of the units are not to scale.

of Geology. This edition was quickly translated into German
(Lyell, 1841–1842; Vaccari, 1998, p. 42), so it is reasonable
to assume that a decade later, Moriz Hörnes would have been
aware of Lyell’s (1840, 1841) revised biochronological
concept of the end of the Tertiary. Given Lyell’s definition

of the end of Pliocene time as the fuzzy transition interval
between mollusc faunas that contained at least some extinct
species and those that contained all extant species, such
“Post-Pliocene” strata could be as old as the last interglacial
(ca. 125 Ka) or older, because deposits of this age around the
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Fig. 4. Cenozoic classification of Geinitz (1846; fold-out chart following p. viii), showing exclusion of the Diluvium and Alluvium from the “Molassen-oder
Tertiärgebirge.”

world commonly contain mollusc assemblages with no extinct
species.9
In addition, many European geologists at this time did not
hesitate to use the term “Quaternary” and to distinguish these
rocks from the Tertiary (e.g., Geinitz, 1846; d’Archiac, 1848,
1849). As such, and although there were obviously still some
exceptions (see Bronn, 1854, p. 45, discussing Sandberger,
1847), European geologists generally excluded the “Diluvium” and related deposits from the Tertiary. For example,
Geinitz (1846) departed from the classification of Bronn
(1838) by excluding the “Alluvium und Diluvium” from the
“Molassen-oder Tertiärgebirge” (Fig. 4). Similarly, C.F.
Naumann, in his treatise Lehrbuch der Geognosie, divided
the Känozoische into the tertiäre und quartäre Formationen,
and assigned the Diluvialbildungen to the latter, thus clearly
excluding it from the Tertiary and from the Pliocene (Naumann, 1851, p. 50; 54–55). Moriz Hörnes was familiar with
these works, as both are listed in the references in Hörnes and
Partsch (1856).
The separation of the “Diluvium” and associated deposits
from the Tertiary and Pliocene was also accepted by Austrian
geologists in the late 1840s and early 1850s. Thus, for the
geological context of the Vienna Basin, Hörnes (1851a, p. 100)
would refer to a report by von Haidinger (1848) on an early
9

This biochronological definition of the Tertiary/post-Tertiary boundary
would be used by Lyell for the rest of his life (e.g., Lyell, 1873, p. 47), long
after most other contemporary workers had accepted a significantly older
concept of this boundary. To illustrate with examples from California, of the
273 species of molluscs documented from the middle Pleistocene Santa Barbara
Formation by Powell et al. (2002), only 11 are extinct. Powell et al. estimate the
numerical age of this unit to be between 490 and 790 Ka. In contrast,
Californian marine terraces assigned to the oxygen isotope stage 5e interglacial
(ca. 125 Ka) typically contain one or no extinct molluscan species, and terraces
correlated with the 80 Ka interglacial contain no extinct species (Kern 1971,
1977). As such, these late interglacial deposits would fall very close to the
Tertiary/post-Tertiary boundary as biochronologically-defined by Lyell (1840,
1841).

geologic map of the Austrian Empire, a map to which Hörnes
contributed (Partsch and Haidinger, 1848), and a map which
explicitly excluded the “Diluvium” from the Tertiary (von
Haidinger, 1848, p. 232). Similarly, Hörnes’ friend and
colleague Franz von Hauer (1850, p. 53–56), in discussing
the content of the Obere Tertiarformation, noted that it
consisted of a lower or Miocene Group and an upper or
Pliocene Group, and excluded the Diluvium and Alluvium.
Even more significantly, Hörnes (1848, 1850b,c) himself had
separated the loess and diluvial beds from the Tertiary beds in
a summary of fossil mammal discoveries in the Vienna Basin.
This separation was consistent with Lyell’s (1840, v. 1, p. 286;
1841, p. 269) previous exclusion of the loess of the Rhine from
the Pliocene and Tertiary.10 Finally, Hörnes (1853a, p. 809)

10
Contra Berggren (1998, p. 120) and Steininger (2002, p. 42), Lyell never
regarded the European loess as being of marine origin. This is an important
point because Lyell’s evolving views on the loess provide another example of
the self-censorship that resulted from the hostile reaction of certain influential
persons to Lyell’s and Buckland’s early adoption of the glacial theory of Louis
Agassiz (Boylan, 1998).
Citing the absence of marine fossils and the presence of terrestrial molluscs
and mammal bones, Lyell (1833, p. 153) initially regarded the loess as the
deposit of a single, muddy, freshwater flood. Later, Lyell (1834, p. 414)
proposed that a regional subsidence had occurred, causing the Rhine Valley and
other loess-containing European valleys to become filled up with fluviatile silt,
after which a re-elevation and erosion of the region must have occurred. Still
later, Lyell (1841, p. 266–267) criticized his 1834 hypothesis because it
required a major, geologically recent subsidence and re-elevation of much of
Europe, “changes which… are not as yet confirmed, in this case, by independent
evidence.” Therefore, and at the moment being an enthusiastic supporter of
Agassiz’ glacial theory, Lyell (1841, p. 261; 266–267) favored an origin of the
loess in terms of the gradual accumulation of annual deposits of mud derived
from the moraines of retreating glaciers. However, after the hostile reaction to
his adoption of the glacial theory, Lyell (1851, p. 119) resurrected his 1834
hypothesis, deleted his 1841 objections to it, and deleted all mention of his and
Agassiz’ alternative explanation.
Modern, aeolian explanations for the origin of the loess date from von
Richthofen’s (1877) report on China (Zittel, 1901, p. 199–200; Grabau, 1924,
p. 565–568; Bowen, 1978, p. 184–188).
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had cited a letter to H.G. Bronn from Eugenio Sismonda
(1853) that expressed views on the unification of the Miocene
and Pliocene very similar to those proposed by Hörnes (1851b)
two years earlier. In this letter, Sismonda (1853, p. 335) clearly
separated the “Ober-tertiär Gebirge” from the “Alluvio-glacial
Gebirge”.
4.2. Did Hörnes extend the Neogene to the present?
As documented above, the general exclusion of the loess,
Diluvium, and associated deposits from the Tertiary by Hörnes
and his Austrian, German, French, and Italian colleagues by the
late 1840s has important implications for Hörnes’ concept of the
Neogene. Berggren (1998, p. 119–120), elaborating on the
previous discussion of Steininger (1981), analyzed H.G.
Bronn’s (1838) “Molasse Gebirge,” his subdivisions of this
grouping, and their relevance to Moriz Hörnes’ work. Berggren
(1998, p. 120) stated:
“In creating the term Neogene for these upper, younger
faunas, Hörnes (1853a,b, 1864) referred specifically to the
biostratigraphic subdivision of the Tertiary and Quaternary
made by his friend Bronn in 1838… Hörnes included in his
term Neogene the strata in the Vienna Basin up to and
including those in glacial loess and diluvial deposits, as well
as correlative Mediterranean faunas in Sicily, Rhodes and
Cyprus which would now be included in the Pleistocene. It
will be recalled that Lyell coined the term ‘Pliocene’ in 1833
and subsequently (1839b, 1857a,b) subdivided it into an
Older Pliocene and Younger Pliocene (the latter equivalent
to the Pleistocene).
First, it should be noted that Lyell’s subdivision of the
Pliocene into Older Pliocene and Newer Pliocene was
introduced in volume 3 of the first edition of Principles of
Geology (Lyell, 1833, pp. 61–154; 155–201). More importantly, I have been unable to find any discussion in Hörnes
(1850a,b, 1851a,b, 1853a,b, 1854a,b, 1856a,b,c, 1855, 1857,
1864), Hörnes and Partsch (1856), or Hörnes and Reuss
(1870) of Bronn’s (1838) classification of the Molasse
Gebirge nor of his biostratigraphic subdivision of the Tertiary
and Quaternary.
Third, Berggren (1998, p. 120) correctly noted that Bronn
(1838) had assigned the Diluvial Bildungen of Europe to the
Pliocene (as did Lyell, 1833), and seems to have inferred from
this that Hörnes would have included the Diluvium in the
Neogene. This argument was repeated by Steininger (2002, p.
420) and Lourens et al. (2004, pp. 409–410). Again, however,
the key inference here is unwarranted. First, as noted above,
Bronn’s (1838) definition of the Molasse Gebirge (and
Pliocene) so as to include the Diluvium was by no means
universally accepted in the 1840s (Geinitz, 1846; see Fig. 4).
More importantly, as documented above, Hörnes (1848; 1850b,
c), as well as many of his Austrian colleagues, had already
excluded the loess and Diluvium from the Tertiary. Not
surprisingly, therefore, in the third edition of Lethaea
Geognostica, even HG Bronn (1854, pp. 70–71) would separate
the “Pleistocän or Post-pliocän (Diluvial)” deposits from the
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“Pliocän (Ober-tertiär)” deposits.11 Evidently then, Bronn’s
(1838, pp. 787; 790) earlier retention of the Diluvium in the
Pliocene and Tertiary in the obsolete second edition of Lethaea
Geognostica was not relevant to Moriz Hörnes’ concept of the
Neogene.
Fourth, I have been unable to corroborate the claims of Van
Couvering (1997, p. xii), Berggren (1998, p. 120), and
Steininger (2002, p. 42) that Hörnes “explicitly” included the
loess and Diluvium of the Vienna Basin in the Neogene. On the
contrary, in a discussion of the land snail family Colimacea,
Hörnes and Partsch (1856, p. 610) stated:
“In the Tertiary deposits of the Vienna Basin only the genus
Helix has been found up to now… while in the younger
deposits, particularly in the loess, Helix and the rest of this
family of related genera are abundantly represented.” [“In
den tertiären Ablagerungen des Wienerbeckens ist bis jetzt
nur das Geschlecht Helix aufgefunden worden… während in
den jüngeren Ablagerungen, namentlich im Löss, Helix und
die übrigen dieser Familie angehörigen Geschlecter zahlreich vertreten sind.”]
This passage again logically implies that Hörnes excluded
the loess from the Neogene, because consistent with the original
definition of Hörnes (1851b), Hörnes and Partsch (1856, pp.
155, 157, 165, 167, 171, 181, etc.) repeatedly defined the
Neogene as “Miocene + Pliocene,” or “young Tertiary.” As the
loess and coarse glacial deposits were generally classified
together by most workers of the time as “Diluvium” (Geinitz,
1846; von Hauer, 1850; Naumann, 1851), it would have been
unusual for Hörnes to have included the coarser glacial deposits
in the Neogene while at the same time excluding the loess.
4.3. Did Hörnes extend the Neogene to the beginning of the
Holocene?
Despite the evidence discussed above, some of Hörnes
writings can be reasonably interpreted to suggest that he
intended the Neogene to extend approximately to what is now
the beginning of the Holocene. This was the position of Lourens
et al. (2004, p. 412). Specifically, Hörnes (1855, 1857) and
Hörnes and Partsch (1856), in discussing the temporal
distribution of various gastropod taxa, would frequently refer
to the number of Neogene species of a given genus in contrast to
the number of living species. The terms that Hörnes most often
used to denote this time of the living species were “Jetzwelt”
(modern world) and “Jetztzeit” (present time). For example,
Hörnes (1855, p. 179–180) stated:
“According to the newest lists about 80 recent and 60 fossil
species [of Cancellaria] are currently known…The fossil

11
Bronn (1854, p. 70), in apparently regarding “Pleistocene” and “postPliocene” as synonyms, seems to have misinterpreted Lyell's (1852a, p. 279)
simplified correlation chart. At the time, Lyell (1852b, 1851, 1855, 1857a) was
using the term “Pleistocene” as an optional synonym of “Newer Pliocene”
(which of course he still regarded as Tertiary), and was using the term “postPliocene” mainly for the post-Tertiary, pre-Recent interval.
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species occur only in the Tertiary deposits, specifically 17
from the Eocene and 43 from the Neogene strata. The small
number of species in Eocene time can be explained by the
fact that this genus arose for the first time in this period; in
the later Neogene time they are more developed, and finally
in the modern world they achieved their many forms…
[italics added].”12
Hörnes and Partsch (1856, pp. 201, 386, 497) would use the
terms “Jetztwelt,” “Jetztzeit,” and “der jetzigen Epoche” in
several other places in their treatise, in contrast to the Neogene.
Bronn (1854, pp. 17–18) noted that the terms “Jetztwelt” and
“Jetztzeit” were inexact, but roughly synonymous with the
post-Diluvial, “alluvial” time (cf. “Recent” of Lyell). So, did
Hörnes use these terms approximately in the sense of the
modern Holocene? It is entirely possible that he did. On the
other hand, as noted above, Lyell (1841) pointed out that the
term “modern” was sometimes used for his concept of
the post-Tertiary, i.e., the time interval that commenced when
marine faunas began to consist entirely of extant or modern
taxa. If Hörnes was using the terms Jetztwelt and Jetztzeit in
that sense, then those passages would be more consistent
with his explicit definition of the Neogene as “Miocene +
Pliocene” and “young Tertiary.” I tend toward the latter view,
because it seems doubtful that Hörnes believed that the 80
extant species of Cancellaria actually originated during the
Holocene.
4.4. Additional ambiguities
Other writings of Hörnes raise still more questions. Of
particular interest is Hörnes’ (1856a,b,c) discussion of some
“subfossil” molluscan remains from the Isthmus of Corinth
(Greece), collected from 30–36 ft (9–11 m) above sea level
(presumably from one of the well-known late interglacial
terraces in the Gulf of Corinth; e.g., Armijo et al., 1996;
McNeil and Collier, 2004). Hörnes (1856a,b,c) noted that all of
the species in this Corinth collection were still living in the
adjacent sea. Therefore, according to Lyell’s (1840, 1841)
definition of the Tertiary/post-Tertiary boundary, the fossiliferous deposit at Corinth would be of post-Tertiary age. Entirely
consistent with expectations, in the English translation of
Hörnes’ report, A.F. Marschall13 provided the title: “On postTertiary shells from the coast of Greece” (Hörnes, 1856b;

“Man kennt gegenwärtig nach den neuesten Listen über 80 recente und 60
fossile Arten… Die fossilen kommen nur in den Tertiärablagerungen, und zwar
17 in den Eocen-und 43 in den Neogenschichten vor. Die geringe Anzahl der
Arten in der Eocenzeit erklärt sich dadurch, dass dieses Geschlect zu jener Zeit
zum ersten Male auftrat, in der späteren Neogenzeit sich mehr entwickelte und
endlich in der Jetztwelt ihren vollen Formenreichthum erlangte…”
13
Aka “Count M” (Hörnes, 1856b, 1865a, 1868). August Friedrich Marschall
(1805–1887) was a former archivist of the k.-k. geologischen Reichsanstalt in
Vienna who translated scientific papers for Moriz Hörnes (Hörnes, 1867,
p. 588). He also contributed many English summaries of German language
treatises to the Quarterly Journal of the Geological Society of London (Jones,
1887; Woodward, 1907, p. 158). See Sargeant (1980).
12

italics added). Therefore, if Hörnes’ concept of the end of the
Neogene was the same as Lyell’s (1841) concept of the end of
the Tertiary and Pliocene, then he should have excluded this
collection of subfossils from the Neogene. So, did he? Alas,
Hörnes was unclear on this crucial point. Hörnes (1856a,
p. 173) noted that “Under completely identical circumstances,
similar deposits of fossil remains have been found on almost
all coasts of the Mediterrranean Sea” [“Unter ganz gleichen
Verhältnissen sind ähnliche Ablagerungen fossiler Reste fast
an allen Küsten des mittelländischen Meeres gefunden
worden”], and gave as examples several localities that he did
include in the Neogene (e.g., Rhodes, Cypress, Sicily).
Unfortunately, Hörnes (1856a,b,c) did not explicitly state that
the collection of subfossils from Corinth was of Neogene or
post-Neogene age.
4.5. Discussion
What are the most important facts concerning Moriz
Hörnes’ early writings on the Neogene? First, those writings
are frustratingly ambiguous, allowing the reasonable interpretations that Hörnes either intended the Neogene to extend to
the beginning of the “Diluvial-epoche,” or to the end of the
Tertiary sensu Lyell (1841), or to the approximate beginning of
the Holocene of modern usage. Although Hörnes apparently
never explicitly defined the Neogene so as to exclude the
Diluvium and Alluvium, this definition was logically implied
by him several times, when he defined the Neogene as a
subdivision of the Tertiary (Miocene + Pliocene), together with
the fact that he had previously excluded the loess and
Diluvium from the Tertiary (Hörnes 1848, 1850c, 1851b,
1853a, 1854b, 1855; Hörnes and Partsch, 1856, p. 610). In
addition, I have found no passages in Hörnes’ writings that
either explicitly state or logically imply that the Neogene
extended to the present.
Despite the above, it is still possible that Hörnes’ reluctance
to provide an explicit definition of the end of the Neogene
reflects a genuine tension in his thinking between an openended biochronological concept and a closed concept dictated
by the prevailing exclusion of the loess and diluvium from the
Tertiary (Geinitz, 1846; von Haidinger, 1848; Hörnes, 1848,
1850c; Naumann, 1851), and the growing recognition of a
geologically recent “ice age” (Agassiz, 1841; Forbes, 1846;
d’Archiac, 1848; Morlot, 1854; de Serres, 1855; Zittel, 1901,
p. 221–232). Perhaps more likely, Hörnes may have felt that
an explicit definition of the end of the Neogene was simply
unnecessary at that time, given the rapidly expanding knowledge of European stratigraphy. Nevertheless, my interpretation,
which should certainly be tested by additional historiographical work, is that we cannot reject the null hypothesis
established by Hörnes’ prior separation of the loess and
Diluvium from the Tertiary (Hörnes, 1848, 1850b,c; Hörnes
and Partsch, 1856, p. 610), and his explicit definition of the
Neogene as “young Tertiary” and “Miocene + Pliocene”
(Hörnes, 1851b, 1853a; Hörnes and Partsch, 1856). As such,
it is reasonable to assume that Hörnes equated the end of the
Neogene with the beginning of the Diluvial epoch, and/or with
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the end of the Tertiary as defined biochronologically by Lyell
(1840, 1841).14
To conclude this section, it is worth calling attention to the
Erläuterung (Explanation) of Hörnes and Partsch’s (1856,
p. 712) map entitled “Die wichtigsten Fundorte von Versteinerungen im Tertiärbecken von Wien” (The most important fossil
localities in the Tertiary Basin of Vienna”). True to form, this
map and its explanation do not mention the Neogene, so it is
again impossible to deduce from them Hörnes’ exact concept of
this term. Nevertheless, the final sentence of the Erlaüterung
states:
“A detailed portrayal of the geological relationships of the
Vienna Basin on a geologic map of the same area and with a
more mature consideration of the rest of the Tertiary deposits of Europe will be given at the end of the second
volume.” [“Eine ausführliche Darstellung der geologischen
Verhältnisse des Wienerbeckens mit einer geologischen
Karte desselben, und mit steter Hinsicht auf die übrigen
Tertiärablagerungen Europas wird am Schlusse des zweiten
Bandes gegeben werden.”]
Doubtlessly, all ambiguities would have been removed had
Hörnes lived to complete this work.
4.6. Relevance to the modern geologic time scale
Even granting my interpretation of Moriz Hörnes’ original,
predominant concept of the end of the Neogene, it is clear that
he included in this unit various “Newer Pliocene” deposits that
are now considered to be early, middle, and possibly even late
Pleistocene in age. This was the main point correctly
emphasized by Berggren (1998) and Steininger (2002). Nevertheless, the meanings of almost all standard global geochronologic names have evolved since they were first used, and
whatever Moriz Hörnes’ original meaning of the Neogene was,
this original meaning is fundamentally irrelevant to the modern
classification of the Cenozoic. No particular interpretation of
the original meaning of the Neogene can be deemed “correct”
modern usage, any more than Lyell’s original or subsequent
definitions of “Eocene,” “Pliocene,” or “Pleistocene” can be
deemed “correct” modern usage (Fig. 3). As shown by countless
examples from the history of stratigraphy, we must expect that a
given term would be used in different ways by early workers,
14
Interestingly, Lyell visited Austria in 1856 and met Theobald Zollikofer,
Dionys Stur, and other associates of the k.-k. geologischen Reichsanstalt and
the Imperial Museum in Vienna (Wilson, 1970, p. 357; Lyell, 1881, p. 227–
228; 247). In the forthcoming third and final volume of his biography of Lyell,
Leonard Wilson (electronic comm., 2006) documents an 1856 meeting between
Lyell and Moriz Hörnes (recorded in Lyell's Notebook 215), in which Hörnes
displayed his collections of Miocene molluscs from the Vienna Basin. Both
before and after this meeting, Lyell (1855, p. 180, 1865, p. 242) referred to
Hörnes' “excellent work,” but did not mention the term “Neogene.”
Unfortunately, no correspondence between Lyell and Hörnes exists in the
Lyell collections at the University of Edinburgh (Alison Cutt, electronic comm.,
2005), nor in the archives of the Vienna Museum of Natural History (Crista
Riedl-Dorn, electronic comm., 2006). We are therefore ignorant of the content
of the fascinating discussions that must have taken place between these two
men on the status of the Neogene.
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including by the very scientist who first coined the term.
Ultimately, therefore, the essential questions we must ask do not
include: “What was Moriz Hörnes’ original meaning of the
Neogene?” Rather, they must be: 1. How was the term
“Neogene” used by most geologists after it was first introduced?
2. How and why did this term evolve in meaning over time? and
3. Given the fact that in a hierarchical classification, changes in
the scope of one name can greatly affect the scope and rank of
several other names, what definition of the Neogene should we
use today, in order to best achieve the goal of clear
communication among geologists now?
5. Adoption of “Neogene” in the German language
literature of the second half of the 19th century
Starting in the mid-1850s, the term “Neogene” was
frequently used by Austrian, German, Hungarian, Yugoslav,
and Czech geologists, and it almost always excluded the
“Diluvium” and “Alluvium” (e.g., Czjzek, 1854; Stur, 1855;
Lipold, 1856; Peters, 1856; Lipold, 1857; Peters, 1857; Rolle,
1857; Stache, 1858; von Zollikofer, 1859; Jokély, 1861; Stur,
1864). Lipold (1856) and von Zollikofer (1859) are especially
notable in that on their geologic maps and cross-sections, they
clearly separated the “Tertiär-Neogen” from the “Alluvium and
Diluvium” (Lipold, 1856, Tafel 1), or separated the “Neogenformation” from the “Quaternäre Bildungen,” the latter
consisting of the “Diluvium” and “Alluvium” (von Zollikofer,
1859, Tafel V). Such usage establishes an independent
circumstantial case for Moriz Hörnes’ concept of the end of
the Neogene, because these men were close colleagues of one
another. The geologists of the k-k geologischen Reichsanstalt
often cited Hörnes’ work (e.g., Czjzek, 1854, p. 527; Stur, 1855,
p. 4; Peters, 1857, p. 320; Rolle, 1857, p. 451) and Hörnes
frequently cited the geologists’ publications, even naming new
species of molluscs after von Hauer, Peters, and Rolle (Hörnes
and Reuss, 1870, p. 198, 199, 380, 400). Because Hörnes never
contradicted the usage of “Neogene” by these geologists, it is
again reasonable to assume that he also excluded the Diluvium
and Alluvium from this unit.
The only exception to the above general usage of the
Neogene that I have found in the German language literature of
the 1850s is that of H.G. Bronn (1854, p. 22; 64; 67; 373), who
defined this interval as consisting of the Faluns, Subapennine,
and Diluvial deposits (his units u2, v, w, and x). Nevertheless,
Bronn still excluded from the Neogene the “lebend” or Jetztzeit
(Bronn, 1854, p. 17, 18, 384, 405, 408, 510, 546). However, this
inclusion of the Diluvium in the Neogene was inconsistent with
Bronn’s (1854, pp. 70–71) own correlation chart, which
showed the Diluvium as separated from the Pliocene and
Tertiary. Variable usage of “Neogene” is again seen in a later
work by Bronn (1858, p. 187; 190), where in the first case he
implied that the term means Miocene + Pliocene, whereas in the
second case he included the “Diluvium” in the Neogene.
Given the otherwise consistent usage of “Neogene” in the
numerous papers cited above, the term was soon incorporated
into standard textbooks. Thus, Gustav Leonhard, in his textbook
Grundzüge der Geognosie und Geologie, defined the Neogene
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Fig. 5. Cenozoic stratigraphic column for the Austrian Empire, from von Haidinger (1866). Note that the “Diluvium” and “Alluvium” are excluded from the Neogene.

as upper Tertiary, comprising the Miocene and Pliocene.
Leonhard excluded the “Quartär-Formationen” from the
“Tertiär-Formationen,” and combined both of these into the
“Känolithische Formationen” (Leonhard, 1863, p. 300–301).
In 1864, Moriz Hörnes further discussed his term in a paper
summarizing his work on the Tertiary bivalves of the Vienna
Basin (Hörnes, 1864; see Hörnes, 1865a for an English summary). Hörnes (1864, p. 510) stated:
“My intention in creating the term Neogene was not to
dismiss the differentiation between Miocene and Pliocene
altogether, but merely to define more clearly the relationship
of the faunas of the different stages. For in the Eocene we
see mainly tropical forms, which disappear after the Oligocene period. Similarly, in the lower Neogene strata subtropical (Senegal-) forms appear, which mingle gradually in
an upward direction with Mediterranean forms, until finally,
in the uppermost strata, they assume the complete character
of the Mediterranean fauna. Just as the Eocene is the cradle
of the tropical fauna, the Neogene is the cradle of the
subtropical fauna, which was gradually transformed-without
sharp boundaries-into the Mediterranean fauna.”15
Although this passage is subject to interpretation, Hörnes
again implies that Neogene time ends when the modern
Mediterranean fauna is fully established, emphasizing that this
biochronological boundary is gradational. This acceptance of a
gradational boundary does not constitute an inconsistency in
15
“Es handelt sich hier nicht darum die Unterscheidung von Mio-und Pliocen
ganz aufzugeben, sondern es war bei Aufstellung des Neogens meine Absicht,
lediglich die Zusammengehörigkeit der Faunen der einzelnen Etagen besser zu
präcisiren. Wir sehen nämlich im Eocenen vor Allem tropische Formen
auftreten, welche nach der Oligocenperiode verschwinden.-Eben so treten in
den unteren Schichten des Neogenen subtropische (Senegal-) Formen auf, die
nach und nach gegen oben hin sich mit Mediterranformen mengen, bis sie
endlich in den obersten Schichten ganz den Charakter der Mediterranfauna
annehmen. Wie das Eocene die Wiege der tropischen Fauna ist, so ist das
Neogene die Wiege der subtropische Fauna, die stätig, ohne scharfe Grenzen,
zur Mediterranfauna umgewandelt wurde.”

Hörnes’ mature philosophy, because by this time he had
accepted the validity of the Miocene and Pliocene along with
the fuzzy boundary between them (Hörnes and Reuss, 1870,
p. 233). If I have interpreted the above passage correctly, then
Hörnes’ (1864) concept of the end of the Neogene was again
similar to Lyell’s (1840, 1841) concept of the end of the
Pliocene, with the time of existence of the modern Mediterranean fauna (composed entirely of extant species) corresponding
to Lyell’s “Post-Tertiary” time.
Consistent with the above interpretation, Hörnes (1865b,
1866), in discussing the 20 geologic units depicted on a
geologic map of the Krakau area, noted without disapproval that
unit 19 was “Neogen”, and unit 20 was “das Diluvium,” thereby
implicitly agreeing that the Diluvium was excluded from the
Neogene (see Hohenegger, 1867). Likewise, von Haidinger
(1865, p. 260–261, 1866), in discussing the forthcoming edition
of the geologic map of the Austrian Empire, excluded the
“Diluvium” and “Alluvium” from the Neogene (Fig. 5), and
noted that Hörnes was among those who contributed to the
content of the map.
After 1865, the term Neogene was widely used in German
language geology journals and textbooks for the rest of the 19th
century, and always with a consistent meaning. For example,
Friedrich August Quenstedt, in his textbook Handbuch der
Petrefaktenkunde, defined the Neogene as Miocene plus
Pliocene, excluded from it the “Diluvium,” and regarded the
terms “Drift,” “Pleistocen,” and “Post-pliocen” as synonyms of
“Diluvium” (Quenstedt, 1867, p. 14).
von Hauer (1868, 1869, 1872, 1873), in the explanation of
several different sheets of the geologic map of the Austrian
Empire, continued to define the Neogene as consisting of the
Miocene and Pliocene, and excluding the Diluvium and Alluvium.
Hermann Credner, in his textbook Elemente der Geologie,
defined the Neogene as Miocene plus Pliocene, and excluded
from it the “Diluvium” and “Alluvium” (Credner, 1872, p. 266;
464). Consistent with this definition, Credner (1872, p. 482)
implicitly excluded the loess and Diluvium of the Vienna Basin
from the Neogene.
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Fig. 6. Cenozoic time scale of Rudolf Hoernes (1884, p. 13). Note that the Neogene is defined as “Miocän + Pliocän” and excludes the “Quartär System (Diluvial
Periode)” and “Gegenwart.”

Friedrich Pfaff, in his textbook Grundriss der Geologie,
defined the Neogene as Miocene plus Pliocene, and excluded
from it the “Quaternäre Bildungen” (Pfaff, 1876, p. 358; 362;
371).
Following the death of Moriz Hörnes in 1868, his son Rudolf
Hoernes16 became a professor of geology at the University of
Graz (Hubmann, 1999). In 1872, Hoernes began to publish a
remarkable number of geological and paleontological papers
(Heritsch, 1906), many of which would use the term Neogene
(e.g., Hoernes, 1875a,b,c, 1876; Hoernes and Auinger, 1879–
1891). Hoernes (1875a) pointed out that there was no marine
Pliocene in Austria, a fact that may have contributed to his
father’s skepticism about the existence of a recognizable
boundary between the Miocene and Pliocene. Conspicuous by
their absence from the Neogene classification of Hoernes
(1875a) were the deposits of the “Diluvial-epoche.” These
deposits were only mentioned at the end of his paper (p. 645),
where it was suggested that the distinctive mammalian fauna
from the Pliocene of Italy, if found in Austria, would help to
identify the local stratigraphic boundaries between the Miocene,
Pliocene, and Diluvial sediments.
In his textbooks Elemente der Palaeontologie and Paläontologie, Rudolf Hoernes again defined the Neogene as late
Tertiary (Miocene plus Pliocene), separated the Tertiary from
the Quaternary, and combined both (along with the Gegenwart,
or Recent) into the Cenozoic Era (Hoernes, 1884, p. 13; 1899,
p. 33). The Cenozoic time scale from Hoernes (1884) is
reproduced here in Fig. 6, and is noteworthy in that it includes
postglacial, glacial, and interglacial, as well as pre-glacial
sediments in the Quaternary. The “pre-glacial” sediments
referred in part to the Cromer Forest-bed of England, a unit
variably assigned by Lyell (1851, 1855, 1865, 1874) to either
the Newer Pliocene or the post-Pliocene (Fig. 3), and by modern
workers to the early and middle Pleistocene (Gibbard et al.,
1998). The French edition of Hoernes’ textbook shows the same
scheme (Hoernes, 1886, p. 16), and identical or virtually
identical concepts of the Neogene would be used in the
textbooks and journal articles of Fuchs (1877, 1885), Tietze
(1884, 1887), Steinmann and Döderlein (1890), Kayser (1893,
1902, Zittel (1895), Zittel and Broili (1910), Hoernes (1903,
1910), Kittl (1904), and Neumayr (1905). The geologic time
16
Rudolf Hoernes, 1850–1912. See von Oettingen (1904), Spengler (1912),
Sargeant (1980), Hubmann (1999), and Strehlau and Hubmann (2003).

scale of Zittel (1895), reproduced here in Fig. 7, is notable in
that it may be one of the earliest essentially modern and strictly
hierarchical classifications of the Cenozoic Era, disregarding
the absence of the Paleocene and the apparently accidental
mislabeling of the stages as “Epoche” (see Zittel and Broili,
1921 for a corrected version).
6. Adoption of “Neogene” beyond Austria and Germany
As documented above, the term “Neogene” was commonly
used in German language geological journals and textbooks
starting in the 1850s, but this usage generally spread to other
countries two or three decades later. In any given country, the
adoption of a given geochronologic term was probably
determined by several factors, including the usage of such
terms on national geologic maps, in standard textbooks, and in
the articles and treatises of prominent workers in that country.
An evaluation of these influences on the acceptance of
“Neogene” in every European country is far beyond the scope
of this paper. However, I wish to indicate the broad outlines of
the usage of this term in several countries particularly important
in the development of Cenozoic chronostratigraphic nomenclature, in order to encourage further historiographical work. I
focus here on works published before 1913, the year that
Maurice Gignoux is alleged to have promulgated an “unjustified” definition of the Neogene (Berggren, 1998, p. 122; Aubry
et al., 2005).
6.1. Switzerland
Four Swiss stratigraphers played a prominent role in the
early acceptance and evolution of the Neogene. In 1858, Karl
Mayer17 published an important paper and accompanying
correlation chart discussing twelve new Tertiary stages.
Although the “Neogene” was not depicted on his chart,
Mayer (1858, p. 171–172) stated that this interval encompassed
his Aquitanian through Astien stages. Along with several
undoubted Pliocene deposits such as the Norwich Crag and the
17

Karl Mayer (aka Karl Mayer-Eymar, 1826–1907) was a French
stratigrapher and paleontologist who lived and taught in Zurich, and is best
known today for his invention of numerous European stage names. See von
Oettingen (1904), Sacco (1907b), and Sargeant (1980). Mayer was also Curator
of Paleontology at the Zurich Museum and provided access to this “immense,
rich collection” for Moriz Hörnes' studies (Hörnes, 1867, p. 588).
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Fig. 7. Cenozoic time scale of Zittel (1895, p. 6), one of the earliest essentially modern and strictly hierarchical subdivisions of the Cenozoic Era.

yellow sands of Perpignan, Mayer (1858) included in the Astien
some deposits that would now be considered Pleistocene (e.g.,
“Mergel, vulkanische Tuffe oder Kalk von Messina”), although
there is no indication that Mayer (1858) included diluvial
deposits or modern alluvium in the Astien Stage. In the third
edition of his correlation table, however, Mayer-Eymar (1865)
restricted the scope of the Astien Stage and proposed the
“Saharien Stage” to include the Norwich Crag as well as much
younger glacial and loess deposits of various European basins.
Although “Neogene” and the Lyellian epochs do not appear on
Mayer-Eymar’s (1865) table, Naumann (1872, p. 11) included
most of the Saharien in the Pliocene, and thus presumably in the
Neogene (Berggren, 1998, p. 124).
Carl Vogt, in the third edition of his Lehrbuch der Geologie
und Petrefactenkunde, defined the “Neocän” as Miocene +
Pliocene, although his correlation chart ironically attributed this
term to Beyrich (Vogt, 1868, p. 648–653). Vogt (p. 728)
assigned the Norwich Crag and the famous mammal locality
from St. Prest, France (currently dated at about 1 Ma; Guerin et
al., 2003) to the youngest part of the Pliocene and emphasized
that the Pliocene deposits graded into those of the Quaternary or
Diluvial epoch. This general concept of the Neogene was also
held by another prominent Swiss geologist of time, Bernhard
Studer (1872, p. 170).
Eugène Renevier (1874) published a time scale in which the
“Période Néogène” or “Molassique” was equivalent to the Late
Tertiary. This Périod Néogène was composed of the “Aquitanien,” “Falunien,” and “Subapennin.” Consistent with the
prevailing usage of Austrian workers, Renevier’s (1874) Périod
Néogène excluded the “Périod Moderne” or “Anthropique”
(which consisted of the “Epoque Quaternaire”/“Système
Diluvien” and the “Epoque Actuelle”/“Système Contemporain”). In part following Heilprin (1891), however, Renevier
(1897a,b) revised his earlier classification by abandoning the
Quaternary and including in the Période Néogénique the
Miocène, Prépliocène, Pliocène, Plistocène (his and Heilprin’s
spelling), and Holocène epochs (see Berggren, 1998 for
discussion). Renevier’s (1897a,b) proposals seem to have fallen
on deaf ears in his own country, however. A search of volumes
of the Swiss geological journal Eclogae Geologicae Helvetiae
published between 1897 and 1927 revealed no other articles
adopting the extended Neogene, and several articles which

continued to use “Tertiary” and/or “Quaternary” (Renevier and
Schardt, 1900; Aeberhardt, 1909; Antenen, 1909).
6.2. France
The earliest substantive uses of the term “Neogene” in the
Bulletin de la Société Géologique de France are those of
Dollfus (1875), Pilide (1877), and Fontannes (1878). All of
these authors appear to have excluded the Quaternary from the
Neogene. After an apparent suspension in usage of several years
in this journal, Depéret (1892b) and Munier-Chalmas and de
Lapparent (1893) defined the Neogene as Miocene + Pliocene,
with the Sicilian Stage of Doderlein (1872) being the youngest
stage of the Pliocene. de Lapparent (1895) would repeat this
definition, and would also depict the Quaternaire as consisting
of the Pléistocène + Récente (Fig. 8). Depéret (1895, 1898),
Bernard (1895), and Ficheur (1896) would use similar
definitions of the Neogene, with Depéret (1895, p. xxxvi)
assigning the mammal locality of St. Prest to the youngest part
of the Sicilian Stage.
Interestingly, Renevier’s (1897a,b) advocacy of the extended
Neogene at the 6th International Geological Congress was not
accepted by the French geologists Raulin (1901) and Dollfus
(1901) at the 8th International Geological Congress. de
Lapparent (1900) also ignored Renevier’s (1897a,b) proposal.
He continued to accept the Quaternary and defined the Neogene
in the same way as Munier-Chalmas and de Lapparent (1893).
In an influential work, Haug (1911, p. 1599; 1606) defined
the Neogene as Miocene + Pliocene, excluding the Quaternary.
He also proposed that the Quaternary be expanded downward to
include not only the Sicilian Stage (as suggested by Renevier,
1897a,b, for the Pleistocene), but also to include Gignoux’s
(1910) newly designated Calabrian Stage, with the Pliocene and
Neogene being truncated accordingly. Haug’s proposal will be
discussed in more detail below.
Given the above, it would appear that French geologists
before Gignoux (1913) were virtually unanimous in excluding
the gradually-expanding Quaternary from the Neogene. The
only exception I have found is that of E. Fallot (in Gaudry et al.,
1897), who extended the Neogene to the present but who also
retained the Quaternary within it. This arrangement has
important consequences for the hierarchical structure of the
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Fig. 8. Cenozoic time scale of de Lapparent (1895, p. 283), showing the Neogene being composed of the Miocene + Pliocene, and the Quaternary being composed of
the Pleistocene + Recent.

time scale, however, and will be discussed below in connection
with similar proposals made 60 and 108 years later by Denizot
(1957) and Aubry et al. (2005), respectively.
6.3. Italy
The manner in which “Neogene” was adopted by Italian
geologists is of great interest. Italy is blessed with an abundance
of fossiliferous Miocene, Pliocene, and Pleistocene marine
strata. However, major lowland glacial deposits (“Diluvium”)
are less prominent in Italy than in northern Europe. As such,
with seemingly less incentive to recognize the “ice age” as a
distinct period of Earth history, one might predict that Italian
stratigraphers of the late 19th century would be more likely to
use a concept of the Neogene in which this unit was extended to
the present. A limited search of the Italian literature suggests
that this may have been the case in some descriptive paleontological papers, but not the case for more general stratigraphic
syntheses in which the Neogene had to be integrated into a more
comprehensive hierarchical (chrono)stratigraphic classification.
G.B. Vai (pers. comm, 2006) informs me that the earliest use
of “Neogene” in the Italian literature may be that of Omboni
(1869, p. 719), who defined the “Neocene” as upper Miocene and
Pliocene, excluding the Pleistocene. Professor Vai also reports
that the term was seldom used in the 19th century volumes of the
Bollettino della Comitato geologica d’Italia (established 1870),
with one exception being Manzoni (1881, p. 55). However, the
term Neogene was used quite frequently in the first few volumes
of the Bollettino della Società Geologica Italiana (established
1882). For example, Mariani (1886, 1891) used “Neogene”
several times, although he did not provide a precise definition. De
Stefani (1891, p. 311) also mentioned the term in passing but
regarded it as unnecessary. The faunal paper of Ristori (1896)
used “Neogene” in the sense of Miocene + Pliocene, whereas the
usage of this term is equivocal in the faunal papers of de Angelis
d’Ossat and Neviani (1896) and Meli (1899).

Numerous papers and abstracts in the early volumes of Rivista Italiana di Paleontologia (established 1895) show that the
term Neogene was also being used in several other Italian
journals around the turn of the 20th Century, such as Paleontographia Italica, the Atti and Memorie della Società Toscana
di Scienze naturali, and the Atti and Memorie della Pontificia
accademia romana dei nuovi Lincei. Although I have been
unable to consult these journals directly, the abstracts in Rivista
Italiana di Paleontologia suggest that usage of the Neogene was
about evenly split between those adopting the Miocene +
Pliocene definition (e.g., de Regny, 1897, 1899; Oppenheim,
1899) and those apparently adopting the Miocene to Recent
definition (Neviani 1901; Seguenza 1904).
Of possible relevance to the evolution of usage of “Neogene”
in Italy are the works of Federico Sacco, one of the most
important Italian stratigraphers and paleontologists around the
turn of the 20th Century. In a paper published in the same
Compte Rendu of the 6th International Geological Congress as
Renevier (1897a,b), Sacco (1897) presented a time scale in
which the Neogene was defined as consisting of the Miocene
and Pliocene, with the Pliocene consisting of the Messinian,
Plaisancian (Piacenzian), and Astian stages. Sacco (1897) did
not define the end of the Neogene explicitly, but appears to have
excluded the Sicilian and/or Saharian Stages from it (see Sacco,
1892). Interestingly, Sacco (1891) had objected to Renevier’s
(1891) earlier proposal to abandon the Quaternary, and along
with Trabuco (1900), would soon define this unit as consisting
of the Pleistocene + Holocene (Sacco, 1907a).
In the early 1900s, the Neogene became well-established in
Italy as consisting only of the Miocene and Pliocene, and
excluding the Quaternary (e.g., Parona, 1904, p. 719; Anelli,
1913; Stefanini, 1919; Parona, 1924, pp. 566; 587; see Fig. 9).
Variations in the exact content of the Neogene continued to exist
owing to the variable inclusion of the Calabrian Stage in the
Pliocene or Pleistocene. Nevertheless, the general usage of the
Neogene as a pre-Quaternary span of time would prevail among
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Fig. 9. Cenozoic time scale of Parona (1904, p. 719) showing the exclusion of the Pleistocene from the Neogene and the inclusion of the Sicilian Stage in the
Pleistocene.

the vast majority of Italian stratigraphers for the rest of the 20th
Century (e.g., Fabiani, 1957; Selli, 1977).
6.4. Britain
British workers would be rather slow to use the term Neogene,
perhaps owing to the rarity or absence of Miocene strata in that
country (Curry et al., 1978). A check of the indices to the
Quarterly Journal of the Geological Society of London through
1934 (Belinfante, 1897; Greig, 1937) revealed no uses of
“Neogene” by native British geologists. In The Geological
Magazine, however, Blanford (1884) suggested that a division of
the Tertiary into Eocene (including the Oligocene) and Neogene
(Miocene and Pliocene) would be “a great improvement,” but
believed that the adoption of this scheme was unlikely. Blanford
(1884) instead proposed that the Oligocene be subsumed within
the Miocene and that the Pleistocene be subsumed within the
Pliocene. These suggestions apparently had no takers, given that
the “Pleistocene” was being widely used as a replacement for
“Diluvium,” and that a year later (and ten years after Lyell’s
death), Lyell and Duncan (1885, pp. 102–103) would adopt the
name “Oligocene” in essentially its modern sense.
As for British textbooks, the “Neogene” was mentioned only
once in Geikie (1882), in the sense of “Miocene + Pliocene.”
Prestwich (1886–1888, vol. 2, p. 407) briefly mentioned the
Neogene being defined as Miocene + Pliocene, although he
mistakenly reported that it was introduced by German
geologists. Marr (1898) did not mention the term at all.
However, Jukes-Browne (1902, p. 23; 506) modified his
previous unorthodox scheme (Jukes-Browne, 1885) and defined
the Neogene System as extending to the present. Other than the
instance of Renevier (1897a,b) discussed above, this is the only
other example of the expanded-Neogene usage in a comprehensive time scale that I have seen in the European literature of the
time. Anticipating the opinions of certain modern workers,
Jukes-Browne (1902, p. 16) found the term “Quaternary” to be
“superfluous and misleading,” and so extended the Pleistocene,
Neogene, and Tertiary to the present. With the exception of
Neaverson (1928), his usage was not followed by most British
geologists (Geikie, 1905, p. 1584), and was likewise not
followed by the vast majority of Continental workers, including
Hoernes (1903, 1910), Parona (1904), de Lapparent (1911), and
Zittel and Broili (1910). Three decades later, Davies’ (1934)
book Tertiary Faunas would firmly establish the meaning of
Neogene as “Miocene + Pliocene” for most British geologists for
the rest of the 20th Century.

6.5. United States
American geologists were also slow to use “Neogene” in the
late 19th century, but the term was used more frequently after it
was incorporated into the official nomenclature of the U.S.
Geological Survey (spelled “Neocene”). The term was defined
as Miocene + Pliocene, excluding the Pleistocene (Powell, 1890,
p. 65). Papers such as those of Dall and Harris (1892) and
Ashley (1895) would start to give the term a presence in
American stratigraphic literature that would continue into the
next century (e.g., Chamberlin and Salisbury, 1909, p. 772). As
shown by Wilmarth (1925, plate I), the only American workers
to use an extended Neogene concept around this time seem to
have been Schuchert (1910) and Ulrich (1911). Schuchert
(1910, p. 598; 605) regarded the Neozoic, Cenozoic, and
Tertiary as synonyms, eliminated the Quaternary and Holocene
without discussion, extended the Pleistocene to the present, and
regarded the “Neogenic Period” as being composed of the
Miocene, Pliocene, and Pleistocene. Ulrich’s (1911) classification of the Cenozoic largely followed Schuchert’s (1910). These
schemes were not accepted by other American workers,
however, and Pirsson and Schuchert (1915, p. 442) later
defined the Neogene as “Miocene + Pliocene.” Finally, although
the Neogene was not endorsed by Wilmarth (1925), the most
recent edition of the official USGS nomenclature defines the
term as “Miocene + Pliocene” (Hansen, 1991).
6.6. Discussion
The above survey of the history of usage of “Neogene”
through the early part of the 20th Century necessarily included
only a fraction of the relevant literature, even in the countries
specifically addressed. Nevertheless, it is evident that the term
was widely used by European stratigraphers in the late 19th
century, and that it almost always excluded the Diluvium,
Quaternary, and Pleistocene.
Regrettably, owing to linguistic unfamiliarity, I have been
unable to consult much of the vast eastern European and Russian
stratigraphic literature of this time, but suspect that if the works of
Czech, Hungarian, and Yugoslav authors such as Czjzek (1854),
Stur (1855, 1864), Peters (1856, 1857), Lipold (1856, 1857), and
Koch (1900) are representative, the Diluvium and/or Quaternary
would also have been generally excluded from the Neogene by
late 19th Century stratigraphers in these regions. Modern Russian
stratigraphers, of course, are nearly unanimous in maintaining the
independence of the Quaternary (e.g., Zhamoida, 2004).
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7. Co-evolution of the Neogene, Quaternary, and
Pleistocene
After its adoption by most 19th Century stratigraphers in the
sense of Miocene + Pliocene, excluding the Diluvium, Quaternary, and Pleistocene, the term Neogene continued to evolve in
meaning. This evolution occurred mostly in the late 19th
Century and early 20th Century. Interestingly, the impetus for
this evolution can be traced all the way back to Forbes (1846).
Five years before Moriz Hörnes coined the term “Neogene,”
Forbes (1846, p. 403) stated:
“I have selected the word “glacial,” in order to remind the
geologists of the ice-charged condition of our seas during that
epoch,-conditions which probably did not prevail during its
earlier stage, and the gradual disappearance of which marked
its conclusion. As, however, it appears almost certain that the
“Glacial epoch,” and that of the deposition of Sicilian and
Rhodian tertiaries were synchronic it would be advisable to
adopt some term to express that geological period as a whole,
and by which to designate the formations of that period. Mr
Lyell’s term, “pleistocene,” would, perhaps, best serve the
purpose, as that of “newer pliocene” is not sufficiently
distinctive, and may lead to confusion. In this case, among
English tertiaries, the coraline crag would rank as meiocene,
the red crag as pleiocene, the glacial beds as pleistocene, and
the megaceros freshwater marls and marine raised beaches as
two stages of post-tertiary [italics in original].”
Forbes (1846, p. 391–393) also assigned the Norwich Crag
to the earliest part of the “glacial epoch” (which he then equated
with the Pleistocene), and his usage of the latter term was
closely followed by Lyell (1851, 1857a; see Fig. 3). Although
Lyell (1873, 1855, 1874) would later use the term “Pleistocene”
as a replacement for the much more restricted concept of “postPliocene,” the stage was set for the eventual subsumation of
virtually all late Cenozoic continental glacial deposits and their
marine temporal equivalents into the Pleistocene.18,19
The gradual replacement of the term “Newer Pliocene” with
“Pleistocene” occurred mainly because as the latter term acquired
a glacial connotation and as older and older glacial deposits
continued to be discovered in the Northern Hemisphere, the
beginnings of the Pleistocene and Quaternary were extended
18
Lyell (1865, p. 107–108) was incorrect to claim that Forbes (1846) had
used the term Pleistocene “almost precisely in the sense” as Lyell's (1865)
concept of “post-Pliocene.” In fact, given Forbes' (1846) inclusion of glacial
deposits, the Sicilian marine formations, and the Norwich Crag, his concept of
the Pleistocene was virtually identical to Lyell's (1851, 1857a) concept of
Pleistocene (=Newer Pliocene), and almost mutually exclusive with Lyell's
(1865, 1873, 1874) concept of “post-Pliocene.” (Fig. 3).
19
Berggren (1998, p. 124) was incorrect to claim that “Lyell (1873) later
adopted Forbes' usage and incorporated his post-Pliocene into Newer Pliocene
or Pleistocene (the latter term he finally accepted and substituted for ‘Newer
Pliocene’).” In fact, Lyell (1873, p. 260; 1874, pp. 109; 171) replaced the term
“post-Pliocene” with “Pleistocene,” but continued to retain the Newer Pliocene
as a distinct time unit immediately preceding the Pleistocene (Fig. 3).
19
“Le Sicilien est classé par MM. Munier-Chalmers et de Lapparent dans le
Pliocène, et non dans le Plistocène, comme on le fait généralement. Le fait est
que c'est un étage de transition. Ce qui me l'a fait adjoindre au Plistocène, c'est
son synchronisme presque certain avec une ancienne extension des glaciers!”
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downward, at the expense of the Pliocene, Neogene, and Tertiary.
This co-evolution is best documented in terms of the stage
nomenclature that was developed by Mayer (1858) and later
workers for various European late Cenozoic deposits in the
second half of the 19th Century and early part of the 20th century
(Fig. 10; see Migliorni, 1950; Selli, 1967 for helpful reviews).
Before about 1897, the Sicilian Stage (roughly late early
Pleistocene and middle Pleistocene of modern usage) was widely
regarded as belonging to the Pliocene and Neogene. This can be
seen from the time scale of Munier-Chalmas and de Lapparent
(1893, tableau no. 3), in which the Pliocene is divided not into
Lyell’s Older and Newer subdivisions, but rather into the
Plaisancien (Piacenzian), Astien, and Sicilien stages (Fig. 10).
Zittel (1895, p. 6) likewise abandoned the Older Pliocene/
Newer Pliocene nomenclature of Lyell and regarded the
Pleistocene as a synonym of the “Diluvium.” Zittel (1895) also
regarded the Sicilian Stage as the youngest stage of the Pliocene,
but viewed the Pliocene as comprising only the Astien and Sicilien.
Renevier (1897a,b) reiterated his previously-expressed
skepticism as to the validity of the Quaternary (Renevier,
1891). He also abandoned the Older Pliocene/Newer Pliocene
distinction of Lyell (essentially replacing the Newer Pliocene
with the newly-spelled “Plistocène”) and regarded the Pliocene
as being composed only of the Plaisancien and Astien stages.
Unlike Munier-Chalmas and de Lapparent (1893) and Zittel
(1895), Renevier regarded the Sicilian as the oldest stage of the
Plistocène. Renevier’s (1897a,b, p. 559) explanation of the
transfer is interesting:
“The Sicilian is classified by Munier-Chalmers and de
Lapparent in the Pliocène and not in the Plistocène, as is
generally done. The fact is that it is a stage of transition. What
made me associate it with the Plistocène is its almost certain
synchronism with an early extension of the glaciers!”.20
In effect, Renevier (1897a,b) was following the suggestion
made by Forbes’ (1846) fifty-one years earlier. In addition,
Renevier (1897a,b) clearly believed that non-biochronological
considerations (climate) may be used in determining standard
global geochronologic boundaries and the content of units of
higher rank (see below).
As noted above, Sacco (1897) also seems to have excluded
the Sicilian Stage from the Pliocene. In contrast to Renevier
(1891, 1897a,b), however, Sacco (1891, 1897) retained the
Quaternary for post-Tertiary time and therefore saw fit to lower
the end of the Neogene accordingly. Despite their different views
on the scope of the Neogene and value of the Quaternary, the
proposals of Renevier (1897a,b) and Sacco (1897) to exclude the
Sicilian Stage from the Pliocene would be accepted by many
workers in the first decade of the 1900s (e.g., Parona, 1904).
In his slim volume Paläontologie, R. Hoernes (1899, p. 33;
1910, p. 26) regarded the Neogene as being composed of the
Miocene and Pliocene but did not specify the content of these
epochs in terms of stages. However, he regarded the “Quartär
20
“Le Sicilien est classé par MM. Munier-Chalmers et de Lapparent dans le
Pliocène, et non dans le Plistocène, comme on le fait généralement. Le fait est
que c'est un étage de transition. Ce qui me l'a fait adjoindre au Plistocène, c'est
son synchronisme presque certain avec une ancienne extension des glaciers!”

Author's personal copy

58

S.L. Walsh / Earth-Science Reviews 89 (2008) 42–72

Fig. 10. Evolution of “Neogene” and related terms as used by prominent European geologists from Hörnes (1848–1856) to Haug (1911). Key stratigraphic units
arranged on left side of chart, including several of Lyell's (1833) exemplary types (marked with an asterisk). Indicated correlations of units in adjacent columns are
only approximate, as different authors often had different concepts of each named unit. Depicted relative durations of the units are not to scale.
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Formation,” “Diluvium,” and “Pleistocän” as synonyms, and
included in them the “präglaciale Bildungen” (pre-glacial
formations), which included the Cromer Forest-bed of England.
Presumably, therefore, Hoernes would have assigned at least
part of Sicilian time to the post-Neogene. Indeed, in the third
edition of Grundzüge der Paläontologie (Paläozoologie), Zittel
and Broili (1910, p. 6) were by now among a minority of
stratigraphers who continued to include the Sicilian Stage in the
Pliocene and Neogene.
As noted above, Haug’s (1911) classification was somewhat
radical for its time but partly anticipated future developments.
He restricted the Pliocene to the Plaisancien and Astien stages,
assigned the Villafranchien, Calabrien, “Saint-Prestien,” Sicilien, and “Cromerian” stages to the “ancient Quaternary,” and
regarded the Pleistocene (glacial deposits sensu stricto) as a
synonym of his “Middle Quaternary.” Haug therefore proposed
to extend the beginning of the Quaternary even farther back in
time than had been suggested by Renevier (1897a,b) and Sacco
(1897). Just as importantly, however, in order to maintain the
strictly hierarchical structure of the time scale, Haug continued
to tie the ends of the Neogene and Pliocene to the beginning of
the Quaternary, and so his extension of the latter necessarily
involved a corresponding restriction in the scope of the
Neogene and Pliocene. Haug’s (1911, p. 1604; 1606) reasons
for this change are familiar to modern workers:
“The delimitation of the Neogene system gives rise to great
differences in opinion, which involve the attribution of the
Aquitanien stage to either the Oligocene or Miocene, and
the incorporation of the Villafranchian (or Calabrian) and
Sicilian stages in either the Pliocene or the Quaternary… The
Sicilian is considered by a great number of authors to be
the highest unit of the Pliocene and consequently of the
Neogene. Other geologists assign it to the Post-Pliocene. In
this work it is classified, like the Villafranchian, in the lower
Quaternary, because it appears useful to allot to the same
geological period all the phases of the diluvial period.
Arguments of a paleontological nature also militate in
favour of this classification. The appearance of the genera
Elephas, Equus, and Bos throughout Western Europe, in the
Villafranchian, distinctly mark the beginning of a new era
[emphasis added].”21
As such, Haug (1911) took the climatochronologic rationale
of Forbes (1846) and Renevier (1897a,b) to its logical
“La délimitation du système Neogene a donné lieu à de grandes divergences
de vues, qui portent à la fois sur l'attribution de l'ètage Aquitanien soit à
l'Oligocene, soit au Miocene et sur l'incorporation, soit au Pliocene, soit au
Quaternaire, des étages Villafranchien (ou Calabrien) et Sicilien… Le Sicilien
est considéré par un grand nombre d'auteurs comme le terme supérieur du
Pliocene et par conséquent du Neogene. D'autres geologues en ont fait le PostPliocene. Si, dans le présent ouvrage, cet étage a été classé, de même que le
Villafranchien, dans le Quaternaire inferieur, c'est qu'il a paru utile d'attribuer à
une même période géologique toutes les phases de l'époque glaciaire. Des
arguments d'ordre paléontologique militent également en faveur de cette
classification. L'apparition des genres Elephas, Equus, Bos, dans toute
l'Europe occidentale, au Villafranchien, marquent bien le début d'une ère
nouvelle. Nous reviendrons sur cette question, lorsque nous aurons à nous
occuper de la délimitation du systéme Quaternaire.”
21

59

conclusion and lowered the ends of the Tertiary, Neogene,
and Pliocene accordingly. Interestingly, given his assignment of
the Red Crag and Norwich Crag to the Pliocene and Quaternary,
respectively, Haug’s (1911, p. 1776) concept of the Tertiary/
Quaternary boundary was very similar to Lyell’s (1851, 1855,
1857a) concept of the Older Pliocene/Newer Pliocene boundary. Moreover, Haug clearly believed that climate and terrestrial
mammal biochronology could sometimes outweigh marine
biochronology in the placement of standard global geochronologic boundaries. These criteria would play major roles in the
decision of the 1948 International Geological Congress to locate
the Plio–Pleistocene boundary at the base of the Calabrian
Stage, although this decision would later prove to be problematical (Selli, 1967; Hays and Berggren, 1971; Van Couvering, 1997).
Finally, Gignoux (1913, 1914) adopted a concept of the end
of the Neogene intermediate between that of Haug (1911) and
de Lapparent (1900) when he included his Calabrian Stage in
the Pliocene, but assigned the (restricted) Sicilian Stage to the
Quaternary (Gignoux, 1908). Gignoux (1913, 1914) did not
follow Haug (1911) in assigning the Calabrian to the Quaternary
because he believed that the Plaisancian, Astian, and Calabrian
all belonged to the same Pliocene cycle of sedimentation
(Migliorni, 1950). This concept of the Neogene would also be
advocated by Gignoux in his influential textbook (Gignoux,
1926, 1950, chapitre X), and was widely accepted by French
workers at the time (Dalloni, 1915, 1954; Depéret, 1926).
Ironically, however, Gignoux (1954) himself would eventually
adopt Haug’s (1911) definition of the Neogene/Quaternary
boundary.22 The evolution of the Plio–Pleistocene (=Neogene–
Quaternary) boundary during the 19th and 20th centuries is
documented in more detail by Vai (1997, pp. 12–13).
7.1. Discussion
By the time of the publication of the fifth edition of
Grundzüge der Paläontologie (Paläozoologie), exclusion of the
Sicilian Stage from the Pliocene and Neogene was generally
accepted by European workers (Zittel and Broili, 1921, p. 8–9).
During the next few decades, many would also support Haug’s
(1911) proposal to include the Calabrian Stage in the
Quaternary (Parona, 1924; King and Oakley, 1949; Migliorni,
1950; Società Geologica Italiana, 1954; Gignoux, 1954;
Fabiani, 1957). As such, from 1911 until the mid-1950s, the
definition of the end of the Pliocene (and Neogene) was
established by the great majority of European workers as falling
within fairly narrow limits, depending on whether one preferred
22

Contrary to the implications of Berggren (1998, p. 122) and Aubry et al.
(2005), Gignoux (1913) barely mentioned the term Neogene. As far as I can tell
he used it only twice and only in passing (pp. 341, 345), where he did logically
imply that the Quaternary (consisting of Sicilian and younger strata) was
excluded from the Neogene. The first edition of Gignoux's (1926) textbook
Géologie Stratigraphique appears to have been much more influential than
his 1913 thesis. In this book, however, Gignoux's exclusion of the Quaternary
from the Neogene was consistent with the basic earlier usage of other French
workers like de Lapparent (1895, 1900), Haug (1911), and his own teacher,
Charles Depéret (Gignoux, 1930; Fallot, 1957).
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Haug’s (1911) or Gignoux’s (1913) definition of the beginning
of the Quaternary (Migliorni, 1950). With the exception of
Neaverson (1928, 1955), I have found no comprehensive
Cenozoic time scale published in this interval that followed
Renevier (1897a,b) and Jukes-Browne (1902) in abandoning
the Quaternary and extending the Neogene to the present. If
other such works exist, they clearly form a small fraction of the
literature in which a Quaternary separated from the Neogene
was established usage.

and Baden-Powell, 1963). I acknowledge the stratigraphic chart
of Krumbein and Sloss (1963, p. 15) and other scattered
occurrences cited by Jenkins et al. (1985), but the extended
Neogene usage was clearly uncommon at this time. For
example, in the published proceedings of the third session of
the Committee on Neogene Stratigraphy (Drooger et al., 1966),
there is not a single paper advocating an extended Neogene.

8. The Neogene divide in Cenozoic chronostratigraphy

The late 20th Century trend to extend the Neogene seems to
have begun in earnest with Banner and Blow (1965), who,
without discussion, defined the Neogene as consisting of the
Miocene to Recent. This extension seems to have been made for
the convenience of their foraminiferal “N” zone nomenclature,
which was widely adopted by other marine micropaleontologists. I assume this to be the case because in their previous
papers these authors preferred to use Tertiary, Quaternary, and
the standard Cenozoic epochs. They either did not use the term
“Neogene” (Blow, 1956, 1959; Eames et al., 1962) or used it
only briefly and without definition (Banner and Blow, 1959,
p. 2). The decision of Banner and Blow (1965) to extend the
Neogene to the present therefore seems to have been made
without considering the effect that such usage would have on
the hierarchical structure of the time scale. Given the continued
use of Tertiary and Quaternary by these authors in subsequent
papers (Banner and Eames, 1966; Blow, 1969), Banner and
Blow (1965) apparently intended the Neogene to serve as an
informal, unranked unit.
Whatever the intentions of Banner and Blow (1965), many
marine micropaleontologists adopted the extended Neogene
starting in the late 1960s (e.g., Bandy, 1969; Brönnimann and
Resig, 1971; Riedel, 1973). Distinguished micropaleontologists
who did not follow this trend include Martini (1971), Martini
and Müller (1986), and Finger (1990), but the traditional usage
of these workers soon became unpopular in their own field, as
shown by Kennett and Srinivasan (1983), Ikebe and Tsuchi
(1984), and Jenkins et al. (1985).
The accomplished stratigrapher and paleontologist F.F.
Steininger (1981) was apparently the first modern worker to
analyze Moriz Hörnes’ discussions of the Neogene in some
detail. Steininger et al. (1997) and Steininger (1999) subsequently advocated the extended Neogene, although Steininger
et al. (1996) and Steininger and Piller (1999, p. 19) did not,
apparently reflecting the mixed feelings held by European
workers on this issue. More recently, however, Steininger
(2002) expanded on his 1981 discussions and again proposed
that the Neogene be extended to the present. Steininger’s (2002,
p. 43) view that the use of Tertiary and Quaternary “obstructs
the clear, practical, modern version of the terminology of the
Cenozoic” is certainly debatable, and I would argue just the
opposite (Walsh, 2006).
The latest proponents of the extended Neogene belong to the
“astrochronological community” (e.g., Lourens et al., 2004).
These are again primarily marine stratigraphers, and so,
working with the time scales of Berggren et al. (1985, 1995a,
b), use the extended Neogene as a matter of course.

8.1. The recommendation of Denizot (1957)
In his brief discussion of the Neogene in the Lexique Stratigraphique International, Denizot (1957, p. 140–141) stated:
“The stratigraphic grouping instituted by Hoernes is based in
paleontology; appearence of new forms over the Oligocene
fauna, forms that persist, as they evolve, toward present
times. It is essentially the combination of the Miocene and
Pliocene systems but with much lack of precision concerning
its limits. It is certain that the Neogene fauna has its roots in
the Aquitanian, even though Hoernes’ contemporaries
retained in the Oligocene at least part of the Aquitanian
deposits. The upper limit is even more controversial; it is the
“Plio–Pleistocene question,” currently being debated. It
appears that according to the definition of the Neogene itself,
it would be convenient to include in it all the Quaternary,
whose invertebrate fauna is a simple evolution from that of
the older Pliocene.”23
Echoing the thoughts of Neaverson (1928, 1955), Denizot
indicated his desire to use the extended Neogene as a faunally
homogeneous, marine invertebrate biochronologic unit. Denizot (1968) also seems to have retained the (unranked)
Quaternary in the (unranked) Neogene, although other papers
published in Milon (1968) did not follow his example (e.g.,
Durand, 1968; Esteoule Choux, 1968). The most important
point here is that given the fact that Denizot (1952, 1957, 1968)
retained the Tertiary and the Quaternary, he apparently did not
realize that the Neogene could not be extended to the present
without violating the strictly hierarchical structure of the ranked
standard global time scale (Walsh, 2006).
In general, Quaternary specialists, paleomammalogists, and
workers on continental rocks did not accept the extended
Neogene as suggested by Neaverson and Denizot (e.g., Oakley
23
“Le groupement stratigraphique institué par Hornes est fondé sur la
Paléontologie; apparition de formes nouvelles audessus de la faune oligocene,
et qui se perpétueront, en évoluant, jusque vers les temps actuels. C'est
essentiellement la réunion des deux systèmes miocene et pliocene, mais avec
beaucoup d'imprécision dans les limites. Il est certain que la faune néogène a
ses racines dans l'Aquitanien, bien que les contemporains d'Hornes aient
maintenu dans l'Oligocene une partie au moins des gîtes aquitaniens. La limite
supérieure est encore plus difficile, c'est la “question plio-pleistocene”,
actuellement débattue: il apparaît que, par la définition même du Néogêne, il
conviendrait d'y mettre tout le Quaternaire dont la faune d'Invertébrés est une
simple évolution de celle du Pliocene ancien.”

8.2. Acceptance by marine micropaleontologists
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For the last 32 years, the most effective advocate of the
extended Neogene has indeed been the prominent stratigrapher
and marine micropaleontologist W.A. Berggren, who has
published numerous papers and time scales incorporating this
extension (Berggren and Van Couvering, 1974; Berggren et al.,
1983, 1985, 1995a,b; Berggren, 1998). Although I have found it
necessary to criticize several aspects of Berggren’s (1998)
analysis in the preceding discussions, those criticisms do not
detract from the overall value of that paper, which provided the
starting point for my own investigation. Nevertheless, by more
completely documenting the origin and evolution of the
Neogene, I have shown that there is no compelling need to
extend this unit to the present on historical grounds. I now wish
to discuss what seems to be the primary motivation for this
extension.
9. Challenging the monopoly of marine biochronology
How can we resolve the dilemma of the Neogene divide in
Cenozoic chronostratigraphy? It appears that we must begin by
challenging the central assumption in the arguments of Denizot
(1957) and Berggren (1998), which is the view that marine
biochronology should hold a monopoly in the determination of
Phanerozoic standard global geochronologic boundaries. In
order to do this, however, we must start in an unlikely place.
9.1. Revenge of the Holocene
At first glance it would seem doubtful that the existence or
non-existence of the apparently insignificant Holocene Epoch
could determine the structure of the rest of the Cenozoic time
scale. But such is in fact the case, and the rationale is as follows.
First, all would agree that the Pleistocene is to be ranked as an
epoch, consistent with the other Lyellian epochs. Suppose that
we also wish to recognize the Holocene as a distinct epoch.
Such a recognition automatically justifies the existence of the
Quaternary Period, because it is a useful collective term of
immediately higher rank for Pleistocene + Holocene. Furthermore, if we recognize the Quaternary Period, then there is every
reason to also recognize the Tertiary Period (Van Couvering,
1997, p. xii). As discussed by Walsh (2006), however, if we
regard the Tertiary and Quaternary as ranked units, then the
Neogene cannot be extended to the present without violating the
strictly hierarchical structure of the standard global time scale.
Now, suppose that we do not wish to recognize the Holocene
Epoch. Then, given Simpson’s rule (Walsh, 2006), the
Pleistocene would have to be extended to the present, and
would therefore become a synonym of the Quaternary. Marine
biochronologists would then argue that there is no need for the
Quaternary Period, supposedly being based on terrestrial and
climatic phenomena (Berggren et al., 1995a). Next, if we drop
the Quaternary Period, we can certainly drop the Tertiary
Period. And finally, since the period is implicitly understood to
be a mandatory rank of the Phanerozoic time scale, we would
have no choice but to extend the Neogene Period to the present.
So, the Holocene really does wield “an awful and
unsuspected power,” as expressed by Twain (1880, p. 602) in
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another context. It is therefore not surprising that calls to
eliminate the Holocene have gone hand in hand with calls to
eliminate the Quaternary and to extend the Neogene and
Pleistocene to the present, with the latest examples being Aubry
et al. (2005) and Suguio et al. (2005). However, arguments for
the elimination of the Holocene are easily refuted (Pillans and
Naish, 2004; Gibbard et al., 2005). This unit is used not only in
stratigraphy, but in engineering geology, neotectonics, archaeology, and other fields, and it is difficult to see why a
classification taken for granted by the vast majority of earth
scientists should be sacrificed in order to satisfy the narrow
vision of a minority of marine biochronologists.
Although the beginning of the Pleistocene has been
notoriously controversial, the approximate end of the Pleistocene has been generally agreed upon by geologists around the
world for more than a century (Prestwich, 1886–1888;
Woodward, 1891; Zittel, 1895; de Lapparent, 1895; Williams,
1895; Renevier, 1897a,b; Trabuco, 1900; Chamberlin and
Salisbury, 1909). As noted by Harland et al. (1990, p. 64, 68),
the literature that assumes the existence of a separate
Pleistocene and Holocene is immense. Why disrupt this
stability? Arguments that the Holocene is merely an interglacial
of the Pleistocene (Suguio et al., 2005) only beg the question. It
would be correct and uncontroversial to say that the Holocene is
an interglacial of the Quaternary. However, the Holocene and
Pleistocene are mutually exclusive by definition.
Nevertheless, it is important to understand why some marine
biochronologists have been hostile to the existence of the
Holocene. The explanation again seems to lie in the fact that
there are no significant marine faunal changes across the
Pleistocene/Holocene boundary. Indeed, in the early 19th
century, well before the concept of an “ice age” was proposed,
the beginning of the “Recent”/“Actuelle”/“Gegenwart” interval
was characterized mainly in terms of mammalian biochronologic events, i.e., extinction of the (Pleistocene!) large-mammal
fauna of Europe, together with the appearance of humans (Lyell,
1833, 1865; Rudwick, 1997, 2005). And, if mammalian
biochronology can be used to help recognize or define one
standard global geochronologic boundary, then clearly it can
also be used to help recognize or define other standard global
geochronologic boundaries, such as the Tertiary/Quaternary
boundary (as advocated by Haug, 1911, and numerous later
workers, but opposed by Van Couvering, 1997 and Berggren,
1998), and the Paleocene/Eocene boundary (as advocated by
Gunnell, 1998; Lucas, 1998; Gingerich, 2000, but opposed by
Aubry, 2000; Aubry et al., 2000; Aubry and Berggren, 2000).
9.2. The motivation for the expanded Neogene
Consistent with the above, the main motivation for the
expanded Neogene was implied by Berggren (1998, p. 125),
who stated: “…the boundary of the Quaternary (the base of the
Pleistocene) should be based upon changes in marine faunas, as
with all other Phanerozoic period/system boundaries…” In
discussing the work of Moriz Hörnes and Eugène Renevier,
Berggren (1998) wished to emphasize that Quaternary marine
faunas were not very different from late Tertiary marine faunas.
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As such, there should be no period/system boundary at the
current Pliocene–Pleistocene epoch boundary. As such, the
extended Neogene Period would be a more significant marine
biochronologic unit compared to the traditional Neogene
(Miocene + Pliocene). The implication here is that if there
were no major marine faunal changes at a given point in Phanerozoic geohistory, then no major standard global geochronologic boundary should be established at that point.24 My
interpretation is supported by the following statement of Van
Couvering (2006, p. 310):
“Making a place for Quaternary at the expense of Neogene
was unlikely to be acceptable [to marine stratigraphers], the
more so because it would leave the GTS with its final,
concluding series based on climatically controlled continental lithostratigraphy, in anomalous juxtaposition to the
marine biochronological content of all other series in the
time scale [italics added].”
However, as documented above, these arguments ignore the
early history of usage of the term Neogene, when it was
consciously used by Austrian and German workers as a preDiluvial, and then later, by the rest of the stratigraphic
community, as a pre-glacial subdivision of the Tertiary. Indeed,
the progressive lowering of the ends of the Neogene, Tertiary,
and Pliocene are some of the few examples in the Phanerozoic
time scale where marine-biochronological considerations have
been of secondary importance in the evolution of standard
global geochronologic boundaries.
Apparently unhappy about this challenge to marine biochronology, Berggren (1998, p. 127) suggested that in regards to the
definition of the Plio–Pleistocene boundary, alternative criteria
such as climatic changes, evidence of glaciation, hominid
evolution, and mammalian evolutionary or immigration events
are “unscientific.” But what if, at a given place in the time scale,
these criteria offer better global correlation potential for a
boundary in various facies than the available marine biochronology? To paraphrase Hedberg (1965, p. 460), why would it
not be much better to leave the way open for all kinds of
guiding criteria in the placement of standard global geochronologic boundaries, rather than to arbitrarily restrict this field to
marine biochronologic evidence? Why not let marine biochro24
Exactly what might constitute a “major” marine faunal change is debatable,
but it is worth noting that significant regional marine faunal changes at the
Pliocene/Pleistocene (Tertiary/Quaternary) boundary were documented by
Stanley and Campbell (1981), Raffi et al. (1985), and Stanley (1986).
Furthermore, the position of the marine biochronological boundary between the
Paleogene and Neogene was at least as controversial over the past 150 yr as the
Tertiary/Quaternary boundary, precisely because no major marine faunal
change occurred at this time (Eames, 1970; Berggren, 1971; Drooger et al.,
1976; Jenkins et al., 1985, p. 204). Indeed, Steininger (1981, p. 15) noted that
recent proposals for the Paleogene/Neogene boundary ranged in age from the
base of Blow's planktonic foraminiferal Zone P19 to the top of his Zone N5.
This interval is about 14 m.y. long according to Luterbacher et al. (2004) and
Lourens et al. (2004), which is nearly three times as long as the combined
Pliocene and Pleistocene. Therefore, if a Tertiary/Quaternary period boundary
is invalid from the standpoint of marine biochronology, then a Paleogene/
Neogene period boundary is also invalid from the standpoint of marine
biochronology.

nology stand on its own great merit without artificially trying to
require it to be the only means?
Fortunately, modern stratigraphy provides numerous potential criteria that may be used to help define and correlate
standard global geochronologic boundaries (Salvador, 1994;
Remane et al., 1996). For example, the recent formal definition
of the Paleocene/Eocene boundary was based on a chemostratigraphic/climatostratigraphic primary guiding criterion, the
selection of which was informed by mammalian biochronology
as well as by marine biochronology (Ouda and Aubry, 2003).
We must conclude, therefore, that given sufficient grounds, it is
permissible for a major standard global geochronological
boundary (e.g., the Tertiary/Quaternary period boundary) to
be defined at a point in geohistory even where no major changes
in marine faunas occurred. While our golden spikes should in
almost all cases still be placed in essentially conformable
marine sections, all available evidence should be used to decide
upon the most appropriate level for a given boundary.
10. Miscellaneous points
Even if we agree that marine biochronology should not be
granted a monopoly in the definition of Phanerozoic standard
global geochronologic boundaries, additional points relevant to
the formal definition of the Neogene must be addressed.
Is period/system status for both Tertiary/Quaternary and
Paleogene/extended Neogene possible?
At first glance, a solution that would grant formal period/
system status to both the Tertiary/Quaternary and the Paleogene/extended Neogene seems to have merit. This arrangement
was implied by Krumbein and Sloss (1963, p. 15), and again by
Jenkins et al. (1985, Fig. 1; but see the disclaimer of Bowen and
Gibbard, 2007, p. 4).
While freedom of choice is usually a good thing, it is (by
definition!) much less relevant to normative classifications.
Indeed, the extension of the Neogene to the present under the
“four systems” scheme would still conflict with the preference
of traditional stratigraphers, so the term “Neogene” would
remain ambiguous. This option would also violate the rules of
hierarchical classification, because two different units (Quaternary Period and Paleogene Period) would have less extension
than, and yet would be contained entirely within, two other units
having the same rank (Neogene Period and Tertiary Period,
respectively). An analogous scheme in Carboniferous chronostratigraphy would allow the Carboniferous, Mississippian, and
and Pennsylvanian to all be regarded as periods/systems. Such
arrangements are unacceptable in my view because they would
give special pleading a dignity that it does not deserve.
The four systems option is also undesirable in that it would
make it difficult or impossible to clearly depict all of these
systems on the same regional or national-scale geologic map
(given the “one system, one basic color” approach usually used
on such maps). Expanding on the discussion of Walsh (2006), it
is very useful to depict Quaternary deposits in a distinct color on
regional scale geologic maps, because these deposits often
reflect the underlying physiography of a given region. Thus, if
Quaternary deposits in major river valleys, fluvial and marine
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terraces, lake beds, glaciated areas, etc. are shown in a distinct
color, we are better able to orient ourselves on and use these
maps (where topographic contour lines are generally absent and
cultural features are often obscured by the colored geologic
units). To those who would say that such considerations are
irrelevant to the definition of the time scale, I would reply that
geologists cannot live by marine biochronology alone, and if the
units of the time scale are not practical they will be ignored.

nian subperiods of the Carboniferous Period (~ 41 and ~ 19 m.y.,
respectively; Davydov et al., 2004).25 So, given that the
Mississippian and Pennsylvanian were historically regarded as
distinct Periods by American stratigraphers (e.g., Dott and
Batten, 1981; Cooper et al., 1990), Paleogene and Neogene
workers are in good company.

10.1. Status of the late Cenozoic marine microfossil “zones”

All participants in the current debate are aware that the scope
of the Neogene is inextricably tied to the scopes of the
Quaternary, Pliocene, and Pleistocene. It is therefore important
to note that recent arguments in favor of a monopoly for marine
biochronology in the definition and ranking of our standard
global time units were implicitly criticized long ago. Joseph
Prestwich (1886, p.81; 1888, p.12) was one of the first British
stratigraphers to accept the non-Lyellian, Continental term
“Quaternary,” and to define it explicitly as Pleistocene + Recent.
Although his use of rank terms was inconsistent, Prestwich
(1888, p. 442) stated:

For some marine micropaleontologists, the traditional definition of the Neogene may be undesirable because it might
require the modification of their informal zonal nomenclatures
(e.g., the “N-zones” of Banner and Blow, 1965). Such
modifications would be trivial, however, because name changes
might be advisable only for the very youngest Cenozoic
“zones.” For example, planktonic foraminiferal Zone N22 (see
Lourens et al., 2004, p. 410) might be relabeled as Zone NQ22,
or perhaps Zone Q1. European paleomammalogists have
already adopted a similar convention by naming their latest
Cenozoic mammal unit the “MQ1” unit, which immediately
follows the Neogene “MN” units (Agustí et al., 2001).
It is also important to note that these informal biozonal
nomenclatures have no binding authority over any other stratigraphic nomenclatures or classifications, let alone the structure
of the standard global time scale. Indeed, the formal names of
the marine microfossil “zones” are really binomial (taxonomic)
names (Banner and Blow, 1965; Salvador, 1994; Berggren et
al., 1995b). As such, the informal abbreviations of these names
are logically irrelevant to the much more fundamental question
of the extension or non-extension of the Neogene to the present.
To illustrate, the oldest three of Banner and Blow’s (1965)
original N-zones (N1, N2, and N3) were subsequently assigned
to the Paleogene, and have been renumbered P20, P21, and P22,
respectively (Blow 1969, p. 200-202; Berggren and Van
Couvering 1974, Fig. 1; Jenkins et al., 1985, Fig. 4). Somewhat
anomalously, therefore, the oldest standard planktonic foraminiferal zone of the Neogene is now called “Zone N4” (Bolli and
Saunders 1985, p. 158; Lourens et al., 2004, p. 410). Clearly,
because Banner and Blow’s (1965) original zonal abbreviations
had no power to define the beginning of the Neogene, they also
have no power to define the end of the Neogene.
10.2. Rank of the Paleogene and Neogene
A final obstacle to the acceptance by some workers of the
traditional classification of the Cenozoic may be that if the
Tertiary Period and Quaternary Period are retained, then the
Paleogene and Neogene would have to be given the less
prestigious rank of subperiod (Walsh, 2006). This may be
inconvenient to some stratigraphers who have regarded the
Paleogene and Neogene as periods for many years. While that
initial attitude may be understandable, it is of no scientific
importance. The durations of the Paleogene and Neogene are
~ 42 and ~ 21 m.y., respectively. These are quite similar to the
durations of the recently-ratified Mississippian and Pennsylva-

11. Necessity of the traditional Cenozoic classification

“For these reasons I think the term ’Quaternary’ useful and
fitting. I retain the term ’Pleistocene’ also to show its
sequence to the Tertiary series. The objection has been raised
that being restricted to so small a group of strata, and so short
a period of geological time, its value in these respects bears no
comparison with the other great primary divisions. But on
these grounds alone, neither will the Tertiary compare with
the Secondary, nor the latter with the Paleozoic Series… Their
value is to be judged of from the importance of their life
history, and of those great physical changes which gave a
special stamp to the times [italics added].”
It is beyond question that the great majority of geologists
agree that the Quaternary is worthy of recognition as a ranked
subdivision of the geologic time scale (Pillans and Naish, 2004;
Gibbard et al., 2005; Bowen and Gibbard, 2007), and this is true
whether its beginning is placed at 1.8 or 2.6 Ma (both of these
“steps” are climatically important; see Van Couvering, 1997).
These geologists also find the Quaternary Period indispensible
as a collective designation for the Pleistocene and Holocene
epochs. In terms of named subunits, this has been by far the
most common definition of the Quaternary since the late 19th
century and should remain as such (Salvador, 2006a,b; Clague,
2006; Walsh, 2006; Bowen and Gibbard, 2007).
The great majority of geologists also agree that the Tertiary is
a useful geochronologic unit which must be given the same rank
as the Quaternary (Salvador, 2006a,b; Clague, 2006; Walsh,
2006). To ignore these facts is to ignore reality, and these facts
are all that is necessary to bridge the Neogene divide. Given
them, the Neogene cannot be extended to the present without
violating fundamental principles of hierarchical classification
25
Carboniferous workers are by no means unanimous on the merits of the
subperiod rank for the Mississippian and Pennsylvanian (Menning et al., 2001).
In the case of the Cenozoic, however, if we wish to retain the Tertiary,
Quaternary, Paleogene, and Neogene as ranked units, then either suberas or
subperiods will have to be used (Walsh, 2006).
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that are observed in every other part of the standard global time
scale. Such violations would create difficulties in geological
communication that would defeat the very purpose of this time
scale (Walsh 2006). We therefore have objective grounds for
maintaining the traditional hierarchical structure of the Cenozoic time scale, with the Tertiary and Quaternary best ranked as
periods, the Pleistocene and Holocene ranked as epochs, and the
Paleogene and Neogene ranked as subperiods of the Tertiary.
12. Conclusions
A major argument used in recent debates on the structure of
the Cenozoic time scale has involved the original definition of
the Neogene. Some have claimed, first, that the Austrian
paleontologist Moriz Hörnes defined this term so as to extend to
the present; and second, that we must follow this alleged original definition today. Both claims are contested here. Although
Hörnes’ discussions were somewhat inconsistent, his biochronological concept of the end of the Neogene was for the most
part consistent with Lyell’s (1840, 1841) definition of the end of
the Newer Pliocene; that is, as the transition interval between
mollusc faunas that contained at least some extinct species, and
those that contained entirely extant species. Furthermore,
Hörnes (1848, 1850c) and his Austrian colleagues consistently
excluded the “Diluvium” and “Alluvium” from the Tertiary.
This fact, together with Hörnes’ (1851b, 1853a, 1854b, 1855)
repeated and explicit definitions of the Neogene as “Late
Tertiary” and “Miocene + Pliocene,” indicate that the Neogene
was not intended by him to extend to the present. Some
ambiguities in Hörnes’ early writings on the Neogene do exist,
but these have no more relevance to the definition of the modern
geological time scale than do Lyell’s even more variable usages
of “Pliocene,” “post-Pliocene,” and “Pleistocene.”
After its introduction, the term Neogene was quickly adopted
by Austrian and German geologists to refer to the Miocene and
Older and Newer Pliocene, but excluding the Diluvium and
Alluvium. This usage reflected the importance of distinguishing
the generally marine “Neogene” and generally non-marine
“Diluvium” as mappable rock units in central Europe. This
usage was implicitly accepted by Hörnes (1865b, 1866),
explicitly adopted by the Austrian Geological Survey (von
Haidinger, 1865, 1866), and subsequently used by numerous
Austrian and German geologists for the rest of the 19th century.
Usage of the term Neogene generally spread to other major
European countries in the 1870s and 1880s, and it almost
always excluded the Diluvium, Quaternary, and Pleistocene.
This usage would overwhelmingly prevail among stratigraphers
throughout the world for most of the 20th century.
There is no doubt that in the 1850s and 1860s, the Newer
Pliocene of Lyell (and the Neogene of most workers) extended
up to approximately the Middle Pleistocene/Late Pleistocene
boundary of current usage. However, as the terms “Newer
Pliocene” and “Diluvium” were gradually replaced by “Pleistocene,” the prevailing concept of the ends of the Tertiary,
Neogene, and Pliocene became progressively older, as the
beginnings of the Quaternary and Pleistocene became progressively older. This evolution occurred in response to the

continuing discovery of older and older glacial deposits and
the widespread recognition of the “Ice Age” as a major event in
late Cenozoic geohistory. As such, the Neogene lost its early
connotations as a marine biochronological unit and as a
mappable rock unit and became transformed into the temporal
concept of “pre-glacial late Tertiary.” Nevertheless, the
historical change in meaning of “Neogene” has been trivial
compared to that undergone by several other standard global
geochronologic names, such as “Cambrian,” “Silurian,” “Carboniferous,” and “Eocene.” In virtually every case it would be
unnecessary and disruptive to try to return to those original
meanings (Walsh, 2006). As such, there are no compelling
reasons to extend the Neogene to the present on historical
grounds.
Usage of the extended Neogene concept began to grow in the
late 20th century as a result of the acceptance by many marine
micropaleontologists of the “N-zone” nomenclature of Banner
and Blow (1965). This usage was incorporated into the
important time scales of Berggren et al. (1985, 1995a,b) and
was subsequently accepted by many marine stratigraphers (e.g.,
Lourens et al., 2004). Unfortunately, this extended usage of the
Neogene conflicts with the traditional “Miocene + Pliocene”
definition maintained by most terrestrial stratigraphers and
Quaternary scientists. As a result, a “Neogene divide” now
exists in Cenozoic chronostratigraphy. This divide is obviously
counter to the purpose of a standard global time scale, where
each named unit must have the same meaning for all geologists.
The primary motivation that marine workers hold in their
insistence that the Neogene be extended to the present is the
belief that marine biochronology should hold a monopoly in the
definition of Phanerozoic standard global geochronologic
boundaries (Berggren, 1998, p. 125; Van Couvering, 2006,
p. 310). This position is outdated, however, because modern
stratigraphy supplies many additional criteria for the definition
and correlation of such boundaries (Salvador, 1994; Remane et
al., 1996).
The vast majority of Cenozoic stratigraphers view the last
“Ice Ages” as an important event in geohistory worthy of
formalization as the Quaternary Period, consisting of the
Pleistocene and Holocene epochs. Most stratigraphers also
accept the existence of the Tertiary Period, as both it and the
Quaternary are extremely useful in the context of geologic
maps. If these two units are retained, then the Neogene cannot
be extended to the present without violating standard rules of
hierarchical classification that are universally applied to the rest
of the time scale as a matter of course. We therefore have
objective grounds for maintaining the traditional hierarchical
structure of the Cenozoic time scale, with the Tertiary and
Quaternary best ranked as periods, the Paleogene and Neogene
ranked as subperiods of the Tertiary, and the Pleistocene and
Holocene ranked as epochs of the Quaternary.
Acknowledgements
I thank Amos Salvador (University of Texas, Austin) for
discussions, French translations, and incalculable assistance in
researching the Neogene problem. I thank Stephan Hoernes

Author's personal copy

S.L. Walsh / Earth-Science Reviews 89 (2008) 42–72

(Emeritus Professor of Geochemistry and Experimental Petrology at the University of Bonn) for information and for
permission to use the portrait of his great-great grandfather,
Moriz Hörnes. Leonard Wilson (University of Minnesota)
generously provided information on the 1856 meeting between
Hörnes and Charles Lyell, which will appear in the final volume
of his biography of Lyell (Wilson, forthcoming). This information is courtesy of Lord Lyell, Kinnordy Papers, Kinnordy,
Scotland. Tillfried Cernajsek (Austrian Geological Survey), Phil
Gibbard (University of Cambridge), and Jim Ogg (Purdue
University) provided several important references. Gian Battista
Vai (University of Bologna) was extremely helpful in researching the early usage of “Neogene” in the Italian literature. I thank
Uli Bergin for translating several German passages and Joe
Mersch and Phil Gibbard for correcting my own translations of
others. Any remaining errors are my responsibility. My research
has been aided by the help of librarians at numerous institutions,
among whom I would especially like to thank Margaret Dykens
(San Diego Natural History Museum), Peter Brueggeman
(Scripps Institution of Oceanography, La Jolla), Marty Armstrong (Grossmont College, El Cajon), Tony Diaz and Jim
O’Donnell (Caltech Geological & Planetary Sciences Library,
Pasadena), Darian Davies (University of California, Riverside),
Martha Whittaker (Sutro Library, San Francisco), Ingrid Lennon
(American Museum of Natural History, New York), and Richard
Greene (Smithsonian Institution, Washington D.C.). Ian Browne
helped out with the figures, and Phil Gibbard and John Clague
provided helpful reviews of the manuscript.
References
Aeberhardt, B., 1909. Sur les déviations de quelques cours d’eau pendant la
période quaternaire. Eclogae Geologicae Helvetiae 10, 745–749.
Agassiz, L., 1841. Glaciers and the evidences of their having once existed in
Scotland, Ireland, and England. Proceedings of the Geological Society of
London 3 (72), 327–332.
Aguirre, E., Pasini, G., 1985. The Pliocene–Pleistocene boundary. Episodes 8,
116–120.
Agustí, J., Cabrera, L., Garcés, M., Krijgsman, W., Oms, O., Parés, J.M., 2001.
A calibrated mammal scale for the Neogene of Western Europe: state of the
art. Earth-Science Reviews 52, 247–260.
Anelli, M., 1913. I terreni miocenici tra il Parma e il Baganza (Prov. di Parma).
Bollettino della Società Geologica Italiana 32, 249–272.
Anonymous 1852. [Review of:] “die fossilen Mollusken des Tertiär-Beckens
von Wien, hgg. von der k. k. Geologischen Reichs-Anstalt, Wien, in Fol.,
No. 1: Conus, Taf. 1-5, S. 1-42.” Neues Jahrbuch für Mineralogie,
Geologie, Geognosie und Petrefakten-kunde; 112-114.
Antenen, F., 1909. Mitteilungen über das Quartär des Emmentales. Eclogae
Geologicae Helvetiae 10, 792–797.
Armijo, R., Meyer, B., King, G.C.P., Rigo, A., Papanastassiou, D., 1996. Quaternary
evolution of the Corinth Rift and its implications for the Late Cenozoic evolution
of the Aegean. Geophysical Journal International 126, 11–53.
Ashley, G.H., 1895. The Neocene stratigraphy of the Santa Cruz Mountains of
California. California Academy of Sciences Proceedings, 2nd series 5,
273–376.
Aubry, M.P., 2000. Where should the Global Stratotype Section and Point
(GSSP) for the Paleocene/Eocene boundary be located? Bulletin de la
Société géologique de France 171, 461–476.
Aubry, M.P., Berggren, W.A., 2000. The homeless GSSP: the dilemma of the
Paleocene–Eocene boundary. Tertiary Research 20, 107–112.
Aubry, M.P., Van Couvering, J.A., Berggren, W.A., Steininger, F., 2000. Should
the Golden Spike glitter? Episodes 23, 203–210.

65

Aubry, M.P., Berggren, W.A., Van Couvering, J., McGowran, B., Pillans, B.,
Hilgen, F., 2005. Quaternary: status, rank, definition, and survival. Episodes
28, 118–120.
Baden-Powell, D.F.W., 1950. The Pliocene–Pleistocene boundary in the British
deposits. In: Oakley, K.P. (Ed.), 18th International Geological Congress
(Great Britain), Part IX, Proceedings of Section H, The Pliocene–Pleistocene Boundary. International Geological Congress, London, pp. 8–10.
Bandy, O.L., 1969. Relationships of Neogene planktonic foraminifera to
paleoceanography and correlation. In: Brönnimann, P., Renz, H.H. (Eds.),
Proceedings of the First International Conference on Planktonic Microfossils, Geneva, 1967, vol. 1. EJ Brill, Leiden, pp. 46–56.
Banner, F.T., Blow, W.H., 1959. The classification and stratigraphical
distribution of the Globigerinaceae. Part 1. Palaeontology 2, 1–27.
Banner, F.T., Blow, W.H., 1965. Progress in the foraminiferal biostratigraphy of
the Neogene. Nature 208, 1164–1166.
Banner, F.T., Eames, F.E., 1966. Recent progress in world-wide Tertiary
stratigraphical correlation. Earth-Science Reviews 2, 157–179.
Belinfante, L.L., 1897. Index to Volumes I–L of the Quarterly Journal of the
Geological Society. Geological Society, London. 426 pp.
Berggren W.A. 1963. [Review of:] Fundamentals of Mid-Tertiary Stratigraphical Correlation, by FE. Eames, FT. Banner, WH. Blow, WJ. Clarke.
Micropaleontology 9: 467–473.
Berggren, W.A., 1971. Tertiary boundaries and correlations. In: Funnell, B.M.,
Riedel, W.R. (Eds.), The Micropaleontology of Oceans. Cambridge
University Press, Cambridge, pp. 693–809.
Berggren, W.A., 1998. The Cenozoic Era: Lyellian (chrono)stratigraphy and
nomenclatural reform at the millenium. In: Blundell, D.J., Scott, A.C. (Eds.),
Lyell: The Past is the Key to the Present. Geological Society of London
Special Publication, vol. 143, pp. 111–132.
Berggren, W.A., Van Couvering, J.A., 1974. The late Neogene. Palaeogeography, Palaeoclimatology, Palaeoecology 16, 1–216.
Berggren, W.A., Aubry, M.-P., Hamilton, N., 1983. Neogene magnetobiostratigraphy of deep-sea drilling project Site 516 (Rio Grande Rise, South
Atlantic). Initial Reports of the Deep Sea Drilling Project 72, 675–713.
Berggren, W.A., Kent, D.V., Flynn, J.J., Van Couvering, J.A., 1985. Paleogene
geochronology and chronostratigraphy. In: Snelling, N.J. (Ed.), The
Chronology of the Geological Record. Geological Society of London
Memoir, vol. 10, pp. 141–195. London.
Berggren, W.A., Hilgen, F.J., Langereis, C.G., Kent, D.V., Obradovich, J.D.,
Raffi, I., Raymo, M.E., Shackleton, N.J., 1995a. Late Neogene chronology:
new perspectives in high-resolution stratigraphy. Geological Society of
America Bulletin 107, 1272–1287.
Berggren, W.A., Kent, D.V., Swisher III, C.C., Aubry, M.-P., 1995b. A revised
Cenozoic geochronology and chronostratigraphy. In: Berggren, W.A., Kent,
D.V., Hardenbol, J. (Eds.), Geochronology, Time Scales and Global
Stratigraphic Correlations: A Unified Temporal Framework for an Historical
Geology. Society of Economic Paleontologists and Mineralogists Special
Publication, vol. 54, pp. 129–212. Tulsa, OK.
Bernard, F., 1895. Eléménts de Paléontologie. J.-B. Bailliére et Fils, Paris. 1168 pp.
Beyrich, E., 1853. Die Conchylien des norddeutschen Tertiärgebirges.
Zeitschrift der Deutschen Geologischen Gesellschaft 5, 173–358.
Beyrich, E., 1854. Über die Stellung der hessischen Tertiärbildungen. Bericht
über die zur Bekanntmachung geeigneten Verhandlungen der königlichen
preussischen Akademie der Wissenschaften zu Berlin, pp. 640–666.
Beyrich, E., 1859. Ueber die Abgrenzung der oligocänen Tertiärzeit.
Monatsberichte der königlichen preussischen Akademie der Wissenschaften
zu Berlin, pp. 51–69.
Blanford, W.T., 1884. On the classification of sedimentary strata. The
Geological Magazine (Decade III) 1, 318–321.
Blow, W.H., 1956. Origin and evolution of the foraminiferal genus Orbulina
d’Orbigny. Micropaleontology 2, 57–70.
Blow, W.H., 1959. Age, correlation, and biostratigraphy of the upper Tocuyo
(San Lorenzo) and Pozón formations, eastern Falcón, Venezuela. Bulletins
of American Paleontology 39 (178), 67–251.
Blow, W.H., 1969. Late middle Eocene to Recent planktonic foraminiferal
biostratigraphy. In: Brönnimann, P., Renz, H.H. (Eds.), Proceedings of the
First International Conference on Planktonic Microfossils, Geneva, 1967,
vol. 1. EJ Brill, Leiden, pp. 199–442.

Author's personal copy

66

S.L. Walsh / Earth-Science Reviews 89 (2008) 42–72

Bolli, H.M., Saunders, J.B., 1985. Oligocene to Holocene low latitude planktic
foraminifera. In: Bolli, H.M., Saunders, J.B., Perch-Nielsen, K. (Eds.),
Plankton Stratigraphy. Cambridge University Press, Cambridge, pp. 155–262.
Bowen, D.Q., 1978. Quaternary Geology: A Stratigraphic Framework for
Multidisciplinary Work. Pergamon Press, Oxford. 221 pp.
Bowen, D.Q., 1999. On the correlation and classification of Quaternary deposits
and land-sea correlations. In: Bowen, D.Q. (Ed.), A Revised Correlation of
Quaternary Deposits in the British Isles. Geological Society of London,
Special Report, vol. 23, pp. 2–9.
Bowen, D.Q., Gibbard, P.L., 2007. The Quaternary is here to stay. Journal of
Quaternary Science 22, 3–8.
Boylan, P.J., 1998. Lyell and the dilemma of Quaternary glaciation. In: Blundell,
D.J., Scott, A.C. (Eds.), Lyell: The Past is the Key to the Present. Geological
Society of London Special Publication, vol. 143, pp. 145–159.
Bronn, H.G., 1838. Lethaea Geognostica, oder Abbildungen und Beschreibungen der für Gebirgs-Formationen bezeichnendsten Versteinerungen, zweite
Auflage. Zweiter Band, das Kreide-und Molassen-Gebirge enthaltend. E.
Schweizerbart’s Verlagshandlung, Stuttgart, pp. 545–1346.
Bronn, H.G., 1854. Lethaea Geognostica, oder Abbildung und Beschreibung der
für Gebirgs-Formationen bezeichnendsten Versteinerungen, dritte stark
vermehrte Auflage. Dritter Band. 4. Caeno-Lethaea: VI. Theil: MollassenPeriode. E. Schweizerbart’sche, Stuttgart. 1130 pp.
Bronn, H.G., 1858. Untersuchungen über die Entwickelungs-Gesetze der
organischen Welt wahrend der Bildungs-Zeit unserer Erd-Oberfläche. E.
Schweizerbart’sche, Stuttgart. 502 pp.
Brönnimann, P., Resig, J., 1971. A Neogene globigerinacean biochronologic
time scale of the Southwestern Pacific. Initial Reports of the Deep Sea
Drilling Project 7 (Part 2), 1235–1469.
Chamberlin, T.C., Salisbury, R.D., 1909. A College Text-book of Geology.
Henry Holt, New York. 978 pp.
Clague J. (compiler) 2006. Responses to poll on status of Quaternary.
[unpublished report on website of the Subcommission on Quaternary
Stratigraphy, 45 pp.; available online at http://www.quaternary.stratigraphy.
org.uk/].
Cooper, J.D., Miller, R.H., Patterson, J., 1990. A Trip Through Time: Principles
of Historical Geology, 2nd ed. Merrill Publishing Company, Columbus, OH.
544 pp.
Credner, H., 1872. Elemente der Geologie. Wilhelm Engelmann, Leipzig. 538
pp.
Curry, D., Adams, C.G., Boulter, M.C., Dilley, F.C., Eames, F.E., Funnel, B.M.,
Wells, M.K., 1978. A correlation of Tertiary rocks in the British Isles.
Geological Society of London, Special Report, vol. 12. 72 pp.
Czjzek, J., 1854. Das Rosaliengebirge und der Wechsel in Niederösterreich.
Jahrbuch der Kaiserlich-Königlichen Geologischen Reichsanstalt 5,
465–529.
Dall, W.H., Harris, G.D., 1892. Correlation papers. Neocene. U.S. Geological
Survey Bulletin 84, 1–349.
Dalloni, M.G., 1915. Recherches sur la période Néogène dans l’Algérie Occidentale. Bulletin de la Société Géologique de France, Series 4 15, 428–457.
Dalloni, M.G., 1954. Sur les terrains Tertiaries supérieurs de l’Algérie et la
classification du Néogène Méditerranéen. 19th International Geological
Congress (Algiers, 1952), Fascicule XIII, Section XIII, pp. 9–24.
d’Archiac, A., 1848. Histoire des progrès de la Géologie de 1834 à 1845, Tome
deuxième, Première partie. Terrain quaternaire ou diluvien. Société
Géologique de France, Paris, pp. 1–439.
d’Archiac, A., 1849. Histoire des progrès de la Géologie de 1834 à 1845, Tome
deuxième, Deuxième partie. Terrain tertiaire. Société Géologique de France,
Paris, pp. 441–1100.
Davies, A.M., 1934. Tertiary faunas: a text-book for oilfield paleontologists and
students of geology. Volume II. The Sequence of Tertiary Faunas. Thomas
Murby & Co., London. 252 pp.
Davydov, V., Wardlaw, B.R., Gradstein, F.M., 2004. The carboniferous period.
In: Gradstein, F.M., Ogg, J.G., Smith, A. (Eds.), A Geologic Time Scale
2004. Cambridge University Press, Cambridge, UK, pp. 222–248.
de Angelis d’Ossat, G., Neviani, A., 1896. Corallarii e briozoi neogenici di
Sardegna. Bollettino della Società Geologica Italiana 15, 571–598.
de Lapparent, A., 1895. Abrégé de Géologie, troisième éd. G. Masson, Paris.
299 pp.

de Lapparent, A., 1900. Traité de Géologie, quatrième éd. G. Masson, Paris. 3
vols.
de Lapparent, A., 1911. Abrégé de Géologie, septième éd. G. Masson, Paris.
438 pp.
Denizot, G., 1952. Le classement des terrains tertiaires en Europe occidentale.
Recueil des Travaux des Laboratoires de boyanique, Géologie et Zoologie
de la Faculté des sciences de Montpellier. Travaux du Laboratoire de
Géologie, Mémoire, vol. 3, pp. 3–78.
Denizot, G. 1957 (ed). Fascicule 4a vii, Tertiaire. In Lexique Stratigraphique
International, Volume 1, Europe, Pruvost P. (ed.), Fascicule 4a (France,
Belgique, Pays-Bas, Luxembourg). Congrès Géologique International,
Commission de Stratigraphie, Centre National de la Recherche Scientifique:
Paris; 217 pp.
Denizot, G., 1968. Le Néogène dans bassin moyen de la Loire (Orléanais,
Touraine et Anjou). In: Milon, Y. (Ed.), Compte Rendu du Colloque
International pour l’étude du Néogène Nordique. Memoires de la Société
Géologique et Minéralogique de Bretagne, vol. 13, pp. 1–21.
Depéret, C., 1892a. Note sur la classification et le parallélisme du système
Miocène. Compte Rendu Sommaire des Séances de la Société Géologique
de France, Bulletin de la Société Géologique de France, Series 3 22,
cxlv–clvi.
Depéret, C., 1892b. Sur les formations néogènes de l’Algerie et du sud-est de la
France. Compte Rendu Sommaire des Séances de la Société Géologique de
France, Bulletin de la Société Géologique de France, Series 3 22, xii–xv.
Depéret, C., 1895. Observations à propos de la Note sur la nomenclature des
terrains sédimentaires, par MM. Munier-Chalmas et de Lapparent. Compte
Rendu Sommaire des Séances de la Société Géologique de France, Bulletin
de la Société Géologique de France, Series 3 23, xxxiii–xxxvi.
Depéret, C., 1898. Observations sur les terrains Néogènes de la région de Barcelone.
Bulletin de la Société Géologique de France, Series 3 vol. 26, 853–858.
Depéret, C., 1926. Essai de classification générale des temps quaternaires.
Congrès Géologique International, Comptes-Rendus de la XIII Session
[1922], en Belgique. Troisième et Dernier Fascicule, H. Vaillant-Carmanne,
Liége, pp. 1409–1526.
de Regny, P.V., 1897. Echinidi neogenici del Museo Parmense. Rivista Italiana
di Paleontologia 3, 14 (abstract).
de Regny, P.V., 1899. Pesci neogenici del Bolognese. Rivista Italiana di
Paleontologia 5, 79–84.
de Serres, M., 1855. Des caractères et de l’importance de la période quaternaire.
Bulletin de la Société Géologique de France, Series 2 12, 1257–1263.
De Stefani, C., 1891. Les terrains tertiaires supérieurs du bassin de la
Méditerranée. Annales de la Societe Geologique de Belgique 18, 201–419.
Doderlein, P., 1872. Note illustrative della carta geologica del Modenese e del
Reggiano. Memoria, III. 74 pp. Modena.
Dollfus, G., 1875. Note géologique sur les terrains crétacés et tertiaires du
Cotentin. Bulletin de la Société Géologique de France, Series 3 3, 460–479.
Dollfus, G., 1901. Des derniers mouvements du sol dans les bassins de la Seine
et de la Loire. Congrès Géologique International, Comptes-Rendus de la
Huitième Session [1900], en France. Premier Fascicule. Le Bigot Frères,
Lille, pp. 544–560.
Dott Jr., R.H., Batten, R.L., 1971. Evolution of the Earth. McGraw-Hill, New
York. 649 pp.
Dott Jr., R.H., Batten, R.L., 1981. Evolution of the Earth. McGraw-Hill, New
York. 573 pp.
Drooger, C.W., 1964. Problems of mid-Tertiary stratigraphic interpretation.
Micropaleontology 10, 369–374.
Drooger, C.W., Reiss, Z., Rutsch, R.F., Marks, P. (Eds.), 1966. Proceedings of
the Third Session in Berne. IUGS Commission on Stratigraphy, Committee
on Mediterranean Neogene Stratigraphy. EJ Brill, Leiden. 346 pp.
Drooger, C.W., Meulenkamp, J.E., Schmidt, R.R., Zachariasse, W.J., 1976. The
Paleogene–Neogene boundary. Proceedings of the Koninklijke Nederlandse
Akademie van Wetenschappen. Series B 79, 317–329.
Durand, S., 1968. Miocene et Pliocene en Bretagne. In: Milon, Y. (Ed.), Compte
Rendu du Colloque International pour l’étude du Néogène Nordique.
Memoires de la Société Géologique et Minéralogique de Bretagne, vol. 13,
pp. 23–35.
Eames, F.E., 1970. Some thoughts on the Neogene/Palaeogene boundary.
Palaeogeography, Palaeoclimatology, Palaeoecology 8, 37–48.

Author's personal copy

S.L. Walsh / Earth-Science Reviews 89 (2008) 42–72
Eames, F.E., Banner, F.T., Blow, W.H., Clarke, W.J., Cox, L.R., 1962.
Fundamentals of Mid-Tertiary Stratigraphical Correlation. University Press,
Cambridge. 163 pp.
Esteoule Choux, J., 1968. Les argiles neogenes du massif Armoricain. In: Milon,
Y. (Ed.), Compte Rendu du Colloque International pour l’étude du Néogène
Nordique. Memoires de la Société Géologique et Minéralogique de
Bretagne, vol. 13, pp. 69–77.
Fabiani, R., 1957. Trattato di Geologia, seconda edizione. Istituto Grafico
Tiberino, Roma. 741 pp.
Fallot, P., 1957. Memorial to Maurice Gignoux (1881–1955). Geological
Society of America Proceedings for 1956, pp. 127–136.
Feddersen B.W., von Oettingen A.J. 1898. J.C. Poggendorff’s BiographischeLiterarisches Handwörterbuch zur Geschichte der Exacten Wissenschaften
[etc.]. Dritter Band (1858 bis 1883). Abtheilung I (A-L), pp. 1–846.
Abteilung II (M-Z), pp. 847–1496. Johann Ambrosius Barth: Leipzig.
Ficheur, E., 1896. Aperçu sommaire sur les terrains néogènes du Sahel d’Alger.
Bulletin de la Société Géologique de France, Series 3 24, 973–981.
Finger K.L. 1990. Atlas of California Neogene Foraminifera. Cushman
Foundation for Foraminiferal Research Special Publication 28, Washington,
D.C.; 271 pp.
Fontannes, C.F., 1878. Les terrains néogènes du plateau de Cucuron (Vaucluse)
(Cadenet; Cabrières-d’Aigues). Bulletin de la Société Géologique de France,
Series 3 6, 469–512.
Forbes, E., 1846. On the connexion between the distribution of the existing
fauna and flora of the British Isles, and the geological changes which have
affected their area, especially during the epoch of the Northern Drift. Great
Britain Geological Survey Memoir 1, 336–432.
Fuchs, T., 1877. Geologische Uebersicht der jüngeren Tertiärbildungen des
Wiener Beckens und des Ungarisch-Steierischen Tieflandes. Zeitschrift der
Deutschen Geologischen Gesellschaft 29, 653–709.
Fuchs, T., 1885. Die Versuche einer Gliederung des unteren Neogen im Gebiete
des Mittelmeers. Zeitschrift der Deutschen Geologischen Gesellschaft 37,
131–172.
Gaudry, A., von Zittel, K., Walther, J., Kilian, W., Belinfante, L.L., Haug, E.,
1897. Section II: Stratigraphie et Paléontologie. Congrès Géologique
International, Compte-Rendu de la Sixieme Session [1894], en Suisse.
Georges Bridel, Lausanne, pp. 82–94.
Geikie, A., 1882. Text-Book of Geology. Macmillan and Co., London. 971 pp.
Geikie, A., 1905. Text-Book of Geology, 3rd ed. P.F. Collier & Son, New York.
4 vols., 1862 pp.
Geinitz, H.B., 1846. Grundriss der Versteinerungskunde. Arnoldische Buchhandlung, Dresden. 815 pp.
Gibbard, P.L., Zalasiewicz, J.A., Mather, S.J., 1998. Stratigraphy of the marine
Plio–Pleistocene crag deposits of East Anglia. Mededelingen - Nederlands
Instituut voor Toegepaste Geowetenschappen TNO 60, 239–262.
Gibbard, P.L., Smith, A.G., Zalasiewicz, J.A., Barry, T.L., Cantrill, D., Coe, A.L.,
Cope, J.C.W., Gale, A.S., Gregory, F.J., Powell, J.H., Rawson, P.F., Stone, P.,
Waters, C.N., 2005. What status for the Quaternary? Boreas 34, 1–6.
Gignoux, M., 1908. Définition stratigraphique de l’étage Sicilien. Comptes
Rendus Hebdomadaires des Séances de l’Academie des Sciences 147,
1497–1499.
Gignoux, M., 1910. Sur la classification du Pliocène et du Quaternaire dans
l’Italie du Sud. Comptes Rendus Hebdomadaires des Séances de l’Academie
des Sciences 150, 841–844.
Gignoux, M., 1913. Les formations marines pliocènes et quaternaires de l’Italie
du Sud et de la Sicile. Annales de l’Université de Lyon 1 (36) n.s., 1-693 +
XXI planches.
Gignoux, M., 1914. L’étage Calabrien (Pliocène supérieur marine) sur le versant
Nord-est de l’Apennin, entre le Monte Gargano et Plaisance. Bulletin de la
Société Géologique de France, Series 4 14, 324–348.
Gignoux, M., 1926. Géologie Stratigraphique. Masson, Paris. 588 pp.
Gignoux, M., 1930. Charles Depéret, 1854–1929. Bulletin de la Société
Géologique de France, Series 4 30, 1043–1073.
Gignoux, M., 1950. Géologie Stratigraphique, 4th ed. Masson, Paris. 735 pp.
Gignoux, M., 1954. Pliocène et Quaternaire marins de la Méditerranée
Occidentale. Congrès Géologique International, Comptes Rendus
de la Dix-Neuvième Session, Alger, 1952. Section XIII, Fascicule XV,
pp. 249–258.

67

Giles, J., 2005. Geologists call time on dating dispute. Nature 435, 865.
Gingerich, P.D., 2000. Paleocene/Eocene boundary and continental vertebrate
faunas of Europe and North America. GFF 122 (1), 57–59.
Grabau, A.W., 1924. Principles of Stratigraphy. AG Seiler, New York. 1185 pp.
Gradstein, F.M., 2005. Definition and status of the Quaternary. Stratigraphy 2,
191–192.
Gradstein, F.M., Ogg, J.G., Smith, A.G., Bleeker, W., Lourens, L.J., 2004a. A
new geologic time scale, with special reference to Precambrian and
Neogene. Episodes 27, 83–100.
Gradstein, F.M., Ogg, J.G., Smith, A. (Eds.), 2004b. A Geologic Time Scale
2004. Cambridge University Press, Cambridge, UK. 589 pp.
Greig, A., 1937. Quarterly Journal of the Geological Society of London. General
Index to Volumes LI-XC (1895–1934). Longmans, Greens & Co., London.
354 pp.
Guerin, C., Dewolf, Y., Lautridou, J.P., 2003. Révision d’un site paléontologique
célèbre: Saint-Prest (Chartres, France). Geobios 36, 55–82.
Gunnell, G., 1998. Mammalian faunal composition and the Paleocene/Eocene
Epoch/Series boundary: evidence from the Bighorn Basin, Wyoming. In:
Aubry, M.-P., Lucas, S., Berggren, W.A. (Eds.), Late Paleocene–Early
Eocene Climatic and Biotic Events in the Marine and Terrestrial Records.
Columbia University Press, New York, pp. 409–427.
Hamilton, W.J., 1854. On the geology of the Mayence Basin. Quarterly Journal
of the Geological Society 10, 254–298.
Hansen, W.R., 1991. Suggestions to Authors of the Reports of the United States
Geological Survey, 7th ed. U.S. Government Printing Office, Washington,
D.C. 289 pp.
Harland, W.B., Armstrong, R.L., Cox, A.V., Craig, L.E., Smith, A.G., Smith, D.
G., 1990. A Geologic Time Scale 1989. Cambridge University Press,
Cambridge, UK. 263 pp.
Haug, E., 1911. Traité de Géologie. II. Les Périodes Géologiques. Armand
Colin, Paris, pp. 539–2024.
Hays, J.D., Berggren, W.A., 1971. Quaternary boundaries and correlations. In:
Funnell, B.M., Riedel, W.R. (Eds.), The Micropaleontology of Oceans.
Cambridge University Press, Cambridge, pp. 669–691.
Hébert, E., 1869. Notice nécrologique sur M. Hoernes. Bulletin de la Société
Géologique de France, Series 2 26, 714–716.
Hedberg, H.D., 1965. Chronostratigraphy and biostratigraphy. Geological
Magazine 102, 451–461.
Heilprin, A., 1891. Note. Congrès Géologique International, Compte-Rendu de la
Quatrième Session, Londres, 1888. Dulau et Cie, Londres, pp. A186–A188.
Helms, J., 1997. August Heinrich Ernst Beyrich als Paläontologe. Zeitschrift der
Deutschen Geologischen Gesellschaft 148, 291–308.
Heritsch, F., 1906. Druckschriften von Dr. Rudolf Hoernes: 1872–1905.
Deutschen Vereins-Druckerei und Verlagsanstalt, Graz. 22 pp.
Hoernes, R., 1875a. Ein Beitrag zur Gliederung der österreichischen
Neogenablagerungen. Zeitschrift der Deutschen Geologischen Gesellschaft
27, 631–645.
Hoernes, R., 1875b. Ein Beitrag zur Kenntniss der Neogen-Fauna von SüdSteiermark und Croatien. Jahrbuch der Kaiserlich-Königlichen Geologischen Reichsanstalt 25, 63–77.
Hoernes, R., 1875c. Die Fauna des Schliers von Ottnang. Jahrbuch der
Kaiserlich-Königlichen Geologischen Reichsanstalt 25, 333–400.
Hoernes, R., 1876. Beiträge zur Kenntnis der Neogenablagerungen im Banat.
Verhandlungen der Kaiserlich-Königlichen Geologischen Reichsanstalt
198–205.
Hoernes, R., 1884. Elemente der Palaeontologie (Palaeozoologie). Veit &
Comp, Leipzig. 594 pp.
Hoernes, R., 1886. Manuel de Paléontologie [French translation by L. Dollo of
Hoernes, 1884]. F. Savy, Paris. 741 pp.
Hoernes, R., 1899. Paläontologie. Sammlung Göschen, no. 95, Leipzig.
212 pp.
Hoernes R. 1903. Bau und Bild der Ebenen Österreichs. In Bau und Bild
Österreichs, Diener C, Hoernes R, Suess FE, Uhlig V (contributors). F.
Tempsky: Wien, und G. Freytag: Leipzig; 916–1110.
Hoernes, R., 1910. Paläontologie (zweite, verbesserte Auflage). Sammlung
Göschen, no. 95, Leipzig. 206 pp.
Hoernes, R., Auinger, M., 1879–1891. Die Gasteropoden der MeeresAblagerungen der Ersten und Zweiten Miocänen Mediterran-Stufe in der

Author's personal copy

68

S.L. Walsh / Earth-Science Reviews 89 (2008) 42–72

Österreichisch-Ungarischen Monarchie. Abhandlungen der Kaiserlich
Königlichen Geologischen Reichsanstalt 12, 1–382.
Hohenegger, L., 1867. Geognostische Karte des ehemaligen Gebietes von
Krakau mit dem südlich angrenzenden Theile von Galizien. Zusammengestellt durch Cornelius Fallaux (mit einer Karte). Denkschriften der
Kaiserlichen Akademie der Wissenschaften. Mathematisch-Naturwissenschaftliche Klasse XXVI, 231–260 2 Abt.
Hörnes, M., 1848. Untitled session report; Versammlung am 18. Februar 1848.
Berichte über die Mittheilungen von Freunden der Naturwissenschaften in
Wien 4, 176–178.
Hörnes, M., 1850a. Untitled session report; Sitzung am 30 April 1850. Jahrbuch
der Kaiserlich-Königlichen Geologischen Reichsanstalt 1, 373.
Hörnes, M., 1850b. Bericht über die Bereisung mehrerer Fundorte von TertiärPetrefacten im Wiener-Beckens. Jahrbuch der Kaiserlich-Königlichen
Geologischen Reichsanstalt 1, 662–679.
Hörnes, M., 1850c. On the remains of vertebrata from the Wiener Basin [English
summary of Hörnes, 1848, translated by TR Jones]. Quarterly Journal of the
Geological Society of London 6 (Part II), 44.
Hörnes, M., 1851a. Die fossilen Mollusken des Tertiar-Beckens von Wien. Nr. I.
Conus. Jahrbuch der Kaiserlich-Königlichen Geologischen Reichsanstalt 2,
93–134.
Hörnes M. 1851b. Vorerinnerung [dated 1 July 1851]. In Die fossilen Mollusken
des Tertiar-beckens von Wien. I. Band. Univalven, Hörnes M, Partsch P
(Authors). Abhandlungen der kaiserlich-königlichen geologischen Reichsanstalt 3: (Wien), 5-10.
Hörnes, M., 1853a. Untitled letter to the editor in the section “Mittheilungen an
Professor BRONN gerichtet”. Neues Jahrbuch für Mineralogie, Geologie,
Geognosie und Petrefakten-kunde 806–810.
Hörnes, M., 1853b. Untitled session report; Sitzung am 11 Marz 1853. Jahrbuch
der Kaiserlich-Königlichen Geologischen Reichsanstalt 4, 190.
Hörnes, M., 1854a. Untitled letter to the editor in the section “Mittheilungen an
Professor BRONN gerichtet”. Neues Jahrbuch für Mineralogie, Geologie,
Geognosie und Petrefakten-kunde 572–574.
Hörnes, M., 1854b. Untitled session report, Sitzung am 21 Februar 1854.
Jahrbuch der Kaiserlich-Königlichen Geologischen Reichsanstalt 5,
218–219.
Hörnes, M., 1855. Untitled session report; Sitzung am 13 Februar 1855.
Jahrbuch der Kaiserlich-Königlichen Geologischen Reichsanstalt 6,
178–182.
Hörnes, M., 1856a. Untitled session report; Sitzung am 29 Jänner 1856.
Jahrbuch der Kaiserlich-Königlichen Geologischen Reichsanstalt 7,
173–174.
Hörnes, M., 1856b. On post-Tertiary shells from the coast of Greece [English
translation of Hörnes 1856a by AF Marschall]. Quarterly Journal of the
Geological Society of London 12 (Part 2), 28.
Hörnes, M., 1856c. Untitled French translation of Hörnes, 1856a, presented by J.
Barrande. Bulletin de la Société Géologique de France, Series 2 13, 571–573.
Hörnes, M., 1857. [Untitled session report; Sitzung am 18 April 1857]. Jahrbuch
der Kaiserlich-Königlichen Geologischen Reichsanstalt 8, 373–384.
Hörnes, M., 1864. Die fossilen Mollusken des Tertiärbeckens von Wien.
Jahrbuch der Kaiserlich-Königlichen Geologischen Reichsanstalt 14,
509–514.
Hörnes, M., 1865a. On the fossil molluscs of the Vienna Basin [English
summary of Hörnes, 1864, translated by AF Marschall]. Quarterly Journal of
the Geological Society of London 21 (Part 2), 9–11.
Hörnes, M., 1865b. Die geognostiche Karte des ehemaligen Gebietes von
Krakau mit dem südlich angrenzenden Theile von Galizien von weiland
Ludwig Hohenegger, erzherzoglichem Gewerks-Director, nach dessen Tode
zusammengestellt von Cornelius Fallaux, erzherzoglichem Schichtmeister in
Teschen. Sitzungsberichte der Kaiserlichen Akademie der Wissenschaften.
Mathematisch-Naturwissenshaftliche Classe 52, 641–642 (I. Abtheilung).
Hörnes, M., 1866. Die geognostiche Karte des ehemaligen Gebietes von Krakau
mit dem südlich angrenzenden Theile von Galizien von weiland Ludwig
Hohenegger, nach dessen Tode zusammengestellt von Cornelius Fallaux.
Neues Jahrbuch fur Mineralogie, Geologie und Palaeontologie 469.
Hörnes, M., 1867. Die fossilen Mollusken des Tertiär-Beckens von Wien.
Jahrbuch der Kaiserlich-Königlichen Geologischen Reichsanstalt 17,
583–588.

Hörnes, M., 1868. The fossil Mollusca of the Tertiary Basin of Vienna. Vol. II.
Bivalves. Nos. 17 & 18. [English summary of Hörnes, 1867, translated by
AF Marschall]. Quarterly Journal of the Geological Society of London 24
(Part II), 17–19.
Hörnes, M., Partsch, P., 1856. Die fossilen Mollusken des Tertiar-beckens von
Wien. I. Band. Univalven. Abhandlungen der Kaiserlich Königlichen
Geologischen Reichsanstalt 3, 1–736.
Hörnes, M., Reuss, A., 1870. Die fossilen Mollusken des Tertiar-beckens von
Wien. II. Band. Bivalvea. Abhandlungen der Kaiserlich Königlichen
Geologischen Reichsanstalt 4, 1–479.
Hubmann, B., 1999. The role of the geologische Reichsanstalt in the nomination of
the Earth Science Chair at the “Karl-Franzens-University” (Graz) during the
19th Century. Abhandlungen der Geologischen Bundesanstalt 56, 165–170.
Ikebe, N., Tsuchi, R., 1984. Pacific Neogene Datum Planes: Contributions to
Biostratigraphy and Chronology. University of Tokyo Press, Tokyo. 288 pp.
Jenkins, D.J., Bowen, D.Q., Adams, C.G., Shackleton, N.J., Brassel, S.C., 1985.
The Neogene: Part 1. In: Snelling, N.J. (Ed.), The Chronology of the
Geological Record. Geological Society of London Memoir, vol. 10.
Blackwell, London, pp. 199–210.
Jokély, J., 1858. Die Tertiärablagerungen des Saazer Beckens und der Teplitzer
Bucht. Jahrbuch der Kaiserlich-Königlichen Geologischen Reichsanstalt 9,
519–541.
Jokély, J., 1861. Pflanzenreste aus dem Basalttuffe von Alt-Warnsdorf in NordBöhmen. Jahrbuch der Kaiserlich-Königlichen Geologischen Reichsanstalt
12, 379–381.
Jones T.R. 1857. [Review of]: The Fossil Mollusca of the Tertiary Basin of
Vienna, by Dr. Moritz Hörnes. Vol. 1. Univalves. Quarterly Journal of the
Geological Society of London 13 (Part 2): 40.
Jones, T.R., 1887. August Friedrich Count Marschall. The Geological Magazine
(New Series, Decade III) 4, 576.
Jukes-Browne, A.J., 1885. The classification of stratified rocks. The Geological
Magazine (Decade III) 2, 293–298.
Jukes-Browne, A.J., 1902. The Student’s Handbook of Stratigraphical Geology.
Edward Stanford, London. 589 pp.
Kayser, E., 1893. Textbook of Comparative Geology [translated and edited by P.
Lake from the Original German Edition Published in 1893 by Ferdinand
Enke in Stuttgart]. Swan Sonnenschein & Co., London. 426 pp.
Kayser, E., 1902. Lehrbuch der Geologie, zweite Auflage. II. Teil. Lehrbuch der
geologischen Formationskunde. Ferdinand Enke, Stuttgart. 625 pp.
Kennett, J.P., Srinivasan, M.S., 1983. Neogene Planktonic Foraminifera: A
Phylogenetic Atlas. Hutchinson Ross Publishing Company, Stroudsburg,
PA. 265 pp.
Kern, J.P., 1971. Paleoenvironmental analysis of a late Pleistocene estuary in
southern California. Journal of Paleontology 45, 810–823.
Kern, J.P., 1977. Origin and history of upper Pleistocene marine terraces, San
Diego, California. Geological Society of America Bulletin 88, 1553–1566.
King, W.B.R., Oakley, K.P., 1949. Definition of the Pliocene–Pleistocene
boundary. Nature 163, 186–187.
Kittl, E., 1904. Geologie der Umgebung von Sarajevo. Jahrbuch der KaiserlichKöniglichen Geologischen Reichsanstalt 53, 515–748.
Koch, A., 1900. Die Tertiärbildungen des Beckens der Siebenbürgischen
Landestheile. II. Neogene Abtheilung. Ungarischen geologischen
Gesellschaft, Budapest. 370 pp.
Krumbein, W.C., Sloss, L.L., 1963. Stratigraphy and Sedimentation, 2nd ed.
WH Freeman and Company, San Francisco. 660 pp.
Kuehn, O., 1962. Fascicule 8, Autriche. In: Pruvost, P. (Ed.), Lexique
Stratigraphique International, Volume 1 (Europe). Congrès Géologique
International, Commission de Stratigraphie, Centre National de la Recherche
Scientifique, Paris, pp. 1–646.
Leonhard, G., 1863. Grundzüge der Geognosie und Geologie, zweite vermehrte
Auflage. C.F. Winter’sche Verlagshandlung, Leipzig. 564 pp.
Leutner, M., 1999. Wissenschaftstheoretische Fallstudien zur Entwicklung der
erdwissenschaftlichen Forschung in Österreich: Wilhelm Haidinger-Franz
von Hauer-Otto Ampferer. Abhandlungen der Geologischen Bundesanstalt
55, 1–92.
Lipold, M.V., 1856. Erläuterung geologischer Durchschnitte aus dem östlichen
Kärnten. Jahrbuch der Kaiserlich-Königlichen Geologischen Reichsanstalt
7, 332–352.

Author's personal copy

S.L. Walsh / Earth-Science Reviews 89 (2008) 42–72
Lipold, M.V., 1857. Bericht über die geologischen Aufnahmen in Ober-Krain im
Jahre 1856. Jahrbuch der Kaiserlich-Königlichen Geologischen Reichsanstalt 8, 205–234.
Lourens, L., Hilgen, F., Shackleton, N.J., Laskar, J., Wilson, D., 2004. The
Neogene period. In: Gradstein, F.M., Ogg, J.G., Smith, A. (Eds.), A
Geologic Time Scale 2004. Cambridge University Press, Cambridge, UK,
pp. 409–440.
Lucas, S.G., 1998. Fossil mammals and the Paleocene/Eocene Series boundary in
Europe, North America, and Asia. In: Aubry, M.-P., Lucas, S., Berggren, W.A.
(Eds.), Late Paleocene–Early Eocene Climatic and Biotic Events in the Marine
and Terrestrial Records. Columbia University Press, New York, pp. 451–500.
Luterbacher, H.P., Ali, J.R., Brinkhuis, H., Gradstein, F.M., Hooker, J.J.,
Monechi, S., Ogg, J.G., Powell, J., Röhl, U., Sanfilippo, A., Schmitz, B.,
2004. The Paleogene Period. In: Gradstein, F.M., Ogg, J.G., Smith, A.
(Eds.), A Geologic Time Scale 2004. Cambridge University Press,
Cambridge, UK, pp. 384–408.
Lyell C. 1830–1833. Principles of Geology. Vol. I, 1830, 511 pp.; Vol II, 1832,
330 pp.; Vol. III, 1833, 398 pp.+160 pp. appendices. [1990 reprint by the
University of Chicago Press of the first London editions published by John
Murray, with a new introduction and bibliography by Martin J.S. Rudwick].
Lyell, C., 1834. Principles of Geology, third ed. John Murray, London. 3
volumes.
Lyell, C., 1839a. On the relative ages of the Tertiary deposits commonly called
“Crag,” in the counties of Norfolk and Suffolk. The Magazine of Natural
History (new series) 3, 313–330.
Lyell, C., 1839b. Nouveaux Éléments de Géologie. Pitois-Levrault et Cie, Paris.
648 pp.
Lyell, C., 1840. Principles of Geology, sixth ed. John Murray, London. 3
volumes.
Lyell, C., 1841. Elements of Geology, second ed. Hilliard, Gray, and Company,
Boston. [“Reprinted from the second English edition, from the original
plates and wood cuts, under the direction of the author”]. 2 volumes, v.1, 437
pp., v. 2, 472 pp.
Lyell, C., 1841–1842. Grundsätze der Geologie oder die neuen Veränderungen
der Erde und ihrer Bewohner in Beziehung zu geologischen Erläuterungen
[German translation by Carl Hartmann of the sixth London edition of
Principles of Geology]. Voigt, Weimar. 3 volumes.
Lyell, C., 1851. A Manual of Elementary Geology, 3rd ed. John Murray,
London. 512 pp.
Lyell, C., 1852a. On the Tertiary strata of Belgium and French Flanders. Part II.
The Lower Tertiaries of Belgium [Together with Part I, “On the Pliocene,
Miocene, and Upper Eocene”]. Quarterly Journal of the Geological Society
8, 277–371.
Lyell, C., 1852b. A Manual of Elementary Geology, 4th ed. John Murray,
London. 512 pp.
Lyell, C., 1855. A Manual of Elementary Geology, 5th ed. John Murray,
London. 655 pp.
Lyell, C., 1857a. Supplement to the Fifth Edition of a Manual of Elementary
Geology. John Murray, London. 40 pp.
Lyell, C., 1857b. A Manual of Elementary Geology. reprinted from the sixth
[sic] edition. Appleton, New York, 632 pp.
Lyell, C., 1865. Elements of Geology, 6th ed. John Murray, London. 794 pp.
Lyell, C., 1873. The Geological Evidences of the Antiquity of Man, 4th ed. John
Murray, London. 572 pp.
Lyell, C., 1874. The Student’s Elements of Geology, 2nd ed. John Murray,
London. 672 pp.
Lyell, K., 1881. Life, letters and journals of Sir Charles Lyell, Bart. John Murray,
London. Vol. I, 437 pp. Vol. II, 472 pp.
Lyell, C., Duncan, P.M., 1885. The Student’s Elements of Geology, 4th ed. John
Murray, London. 621 pp.
Manzoni, A., 1881. Della miocenicità del Macigno e dell’ unità dei terreni
miocenici del Bolognese. Bollettino della Comitato Geologica d’Italia 12,
46–58.
Mariani, E., 1886. Descrizione dei terreni miocenici fra la Scrivia e la Staffora.
Bollettino della Società Geologica Italiana 5, 277–315.
Mariani, E., 1891. La fauna a foraminiferi delle marne che affiorano da alcuni
tufi vulcanici di Viterbo. Bollettino della Società Geologica Italiana 10,
169–178.

69

Marr, J.E., 1898. The Principles of Stratigraphical Geology. CJ Clay and Sons,
London. 304 pp.
Martini, E., 1971. Standard Tertiary and Quaternary calcareous nannoplankton
zonation. In: Farinacci, A. (Ed.), Proceedings of the II Planktonic
Conference Roma 1970, vol. 2. Tecnoscienza, Roma, pp. 739–785.
Martini, E., Muller, C., 1986. Current Tertiary and Quaternary calcareous
nannoplankton stratigraphy and correlations. Newsletters on Stratigraphy
16, 99–112.
Mayer, K., 1858. Versuch einer neuen Klassifikation der Tertiär-Gebilde
Europa’s [including the large correlation chart entitled “Versuch einer
synchronistischen Tabelle der Tertiär-Gebilde Europa’s”]. Verhandlungen
der Allgemeinen Schweizerischen Gesellschaft für die Gesammten
Naturwissenschaften 42, 165–199.
Mayer-Eymar K. 1865. Tableau synchronistique des terrains tertiaires de
l’Europe, 3. éd., corrigée et augmentée d’après les recherches récentes de
mm. Boucher de Perthes, Desnoyers, Filhol, Garrigou, Gümbel, Hébert,
Heer, de Koenen, Lartet, Lyell, Mathéron, H. et A. Milne-Edwards, Pellat,
Peters, Prestwich, Rolle, Sandberger, de Saporta, Strozzi, Tournouer, Zittel,
etc. et de l’auteur. Zurich: Autographie de J. Hofer, 1 handwritten sheet,
71 × 87 cm.
McNeil, L.C., Collier, R.E.L.L., 2004. Uplift and slip rates of the eastern
Eliki fault segment, Gulf of Corinth, Greece, inferred from Holocene
and Pleistocene terraces. Journal of the Geological Society, London 161,
81–92.
Meli, R., 1899. Osservazioni sul Pecten (Macrochlamys) ponzii Meli e confronti
con alcune forme di pectinidi neogenici affini che vi si collegano. Bollettino
della Società Geologica Italiana 18, 324–353.
Menning, M., Belka, Z., Chuvashov, B., Engel, B.A., Jones, P.J., Kullman,
J., Utting, J., Watnet, L., Weyer, D., 2001. The optimal number of
Carboniferous series and stages. Newsletters on Stratigraphy 38,
201–207.
Migliorni, C.I., 1950. The Pliocene–Pleistocene boundary in Italy. In: Oakley,
K.P. (Ed.), Part IX, Proceedings of Section H, The Pliocene–Pleistocene
Boundary. International Geological Congress, Report of the Eighteenth
Session (Great Britain, 1948). International Geological Congress, London,
pp. 66–72.
Milon, Y. (Ed.), 1968. Compte Rendu du Colloque International pour l’étude du
Néogène Nordique. Memoires de la Société Géologique et Minéralogique de
Bretagne, Tome XIII. 136 pp.
Morlot, A., 1854. Über die quaternaren Gebilde des Rhonegebiets. Verhandlungen der Allgemeinen Schweizerischen Gesellschaft für die Gesammten
Naturwissenschaften 39, 161–164.
Munier-Chalmas, E., de Lapparent, A., 1893. Sur la nomenclature des terrains
sédimentaires. Bulletin de la Société Géologique de France, Series 3 21,
438–488.
Naumann, C.F., 1851. Lehrbuch der Geognosie, Zweiter Band. 1. Abtheilung
oder Bogen 1-22. Wilhelm Engelmann, Leipzig. 352 pp.
Naumann, C.F., 1872. Lehrbuch der Geognosie, zweite verbesserte und
vehrmehrte Auflage. Dritter Band. Dritte Lieferung (Bogen 23–36).
Wilhelm Engelmann, Leipzig. 576 pp.
Neaverson, E., 1928. Stratigraphical Paleontology: A Manual for Students and
Field Geologists. Macmillan and Co., London. 525 pp.
Neaverson, E., 1955. Stratigraphical Paleontology: A Study of Ancient LifeProvinces. Clarendon Press, Oxford. 806 pp.
Neviani, A., 1901. Briozoi neogenici delle Calabrie. Rivista Italiana di
Paleontologia 7, 6–7 (abstract).
Neumayr, M., 1905. Erdgeschichte, Zweiter Band: Beschreibende Geologie
(zweite Auflage, neubearbeitet von Prof. Dr. Viktor Uhlig). Bibliographisches Institut, Leipzig. 700 pp.
Oakley, K.P., Baden-Powell, D.F.W., 1963. Fascicule 3a XIII: Néogène et
Pléistocène. In: Whittard, W.F., Simpson, S. (Eds.), Fascicule 3a: Angleterre,
Pays de Galles, Écosse. Congrès Géologique International, Commission de
Stratigraphie, Lexique Stratigraphique International, Volume 1 (Europe).
Centre National de la Recherche Scientifique, Paris, pp. 1–166.
Omboni, G., 1869. Nuovi elementi di Storia Naturale ad uso delle Scuole
superiori. Geologia. Maisner, Milano. 871 pp.
Oppenheim, P., 1899. Sul Pecten aduncus Eichwald nel Neogene di Toscana.
Rivista Italiana di Paleontologia 5, 85–86.

Author's personal copy

70

S.L. Walsh / Earth-Science Reviews 89 (2008) 42–72

Ouda, K., Aubry, M.-P. (Eds.), 2003. The Upper Paleocene–Lower Eocene of the
Upper Nile Valley: Stratigraphy. Micropaleontology Special Issue, vol. 49(1).
Parona, C.F., 1904. Trattato di Geologia, con Speciale Riguardo alla Geologia
d’Italia. Biblioteca delle Scienze Fisiche e Naturali, Milano. 731 pp.
Parona, C.F., 1924. Trattato di Geologia, con Speciale Riguardo alla Geologia
d’Italia, seconda edizione. Biblioteca delle Scienze Fisiche e Naturali,
Milano. 648 pp.
Partsch, P., Haidinger, H., 1848. Bericht über die Unternehmung einer
geologischen Karte der Oesterreichischen Monarchie. Sitzungsberichte der
Kaiserlichen Akademie der Wissenschaften. Mathematisch-Naturwissenshaftliche Classe 1, 11–20.
Peters, K., 1856. Bericht über die geologische Aufnahme in Kärnten, Krain und
dem Görzer Gebiete im Jahre 1855. Jahrbuch der Kaiserlich-Königlichen
Geologischen Reichsanstalt 7, 629–691.
Peters, K., 1857. Geologische Studien aus Ungarn. Jahrbuch der KaiserlichKöniglichen Geologischen Reichsanstalt 8, 308–334.
Pfaff, F., 1876. Grundriss der Geologie. Wilhelm Engelmann, Leipzig. 398 pp.
Pilide, C.D., 1877. Sur le bassin néogène de la région située au nord de
Ploesci (Valachie). Bulletin de la Société Géologique de France Series 3 6,
22–31.
Pillans, B., Naish, T., 2004. Defining the Quaternary. Quaternary Science
Reviews 23, 2271–2282.
Piller, W.E., Egger, H., Erhart, C.W., Gross, M., Harzhauser, M., Hubmann, B.,
van Husen, D., Krenmayer, H.-G., Krystyn, L., Lein, R., Lukeneder, A.,
Mandl, G.W., Rögl, F., Roetzel, R., Rupp, C., Schnabel, W., Schönlaub, H.
P., Summesberger, H., Wagreich, M., Wessely, G., 2004. Die stratigraphische Tabelle von Österreich 2004 (sedimentäre Schichtfolgen). Kommission für die paläontologische und stratigraphische Erforschung Österreichs
der Österreichischen Akademie der Wissenschaften Österreichische Stratigraphische Kommission. Gerin, Wolkersdorf.
Pirsson, L.V., Schuchert, C., 1915. A Text-book of Geology. John Wiley and
Sons, New York. 1051 pp.
Poggendorff, J.C., 1863. Biographisch-Literarisches Handwörterbuch zur
Geschichte der Exacten Wissenschaften [etc.]. Johann Ambrosius Barth,
Leipzig. 2 volumes.
Powell J.W. 1890. Tenth Annual Report of the United States Geological Survey.
In Tenth Annual Report of the United States Geological Survey to the
Secretary of the Interior, Powell JW (Director). Government Printing Office:
Washington, D.C.; 3–80.
Powell II, C.L., Stanley, R.G., Minor, S.A., 2002. Age and paleogeography of
the Santa Barbara Formation in the Santa Barbara and Goleta quadrangles,
California, based on molluscs. Geological Society of America Abstracts
with Programs 34, 123.
Prestwich, J., 1886–1888. Geology: Chemical, Physical, and Stratigraphical.
Clarendon Press, Oxford, UK. 2 volumes.
Prothero, D.R., Dott Jr., R.H., 2004. Evolution of the Earth, 7th ed. McGraw
Hill, New York. 576 pp.
Quenstedt, F.A., 1867. Handbuch der Petrefaktenkunde, zweite Auflage. H.
Laupp’schen, Tübingen. 982 pp.
Raffi, S., Stanley, S.M., Marasti, R., 1985. Biogeographic patterns and Plio–
Pleistocene extinction of Bivalvia in the Mediterranean and southern North
Sea. Paleobiology 11, 368–388.
Raulin, V., 1901. Sur la classification des terrains Tertiaires de l’Aquitaine.
Congrès Géologique International, Comptes-Rendus de la Huitième Session
[1900], en France. Premier Fascicule. Le Bigot Frères, Lille, pp. 386–387.
Remane, J., Bassett, M.G., Cowie, J.W., Gohrbandt, K.H., Lane, H.R.,
Michelson, O., Naiwen, W., 1996. Revised guidelines for the establishment
of global chronostratigraphic standards by the International Commission on
Stratigraphy (ICS). Episodes 19, 77–81.
Renevier E. 1874. Tableau des Terrains Sédimentaires formés pendant les
époques de la phase organique du globe terrestre. Bulletin de la Société
Vaudoise des Sciences Naturelles, no. 70, 71, et 72.
Renevier, E., 1891. Untitled contribution to “Discussion sur les limites des
terrains Tertiaires et Quaternaires”. Congrès Géologique International,
Compte-Rendu de la Quatrième Session, Londres, 1888. Dulau et Cie,
Londres, pp. 233–237.
Renevier, E., 1897a. Chronographe geologique; seconde édition du Tableau des
Terrains Sédimentaires. Congrès Géologique International, Compte-Rendu

de la Sixieme Session [1894], en Suisse. Georges Bridel, Lausanne, pp.
522–695.
Renevier, E., 1897b. Résumé du Chronographe géologique. Eclogae Geologicae
Helvetiae 5, 69–76.
Renevier E., Schardt H. 1900. Carte géologique de la Suisse au 1:100000.
Notice explicative de la feuille XI, 2e édition. Eclogae Geologicae Helvetiae
6: 351–368.
Riedel, W.R., 1973. Cenozoic planktonic micropaleontology and biostratigraphy. Annual Review of Earth and Planetary Sciences 1, 241–268.
Riedl-Dorn, C., 1998. Das Haus der Wunder: Zur Geschichte des Naturhistorischen Museums in Wien. Holzhausen, Wien. 308 pp.
Ristori, G., 1896. Crostacei neogenici di Sardegna e di alcune altre località
Italiane. Bollettino della Società Geologica Italiana 15, 504–513.
Rolle, F., 1857. Geologische Untersuchungen in der Gegend zwischen
Weitenstein, Windisch-Gratz, Cilli und Oberburg in Unter-Steiermark.
Jahrbuch der Kaiserlich-Königlichen Geologischen Reichsanstalt 8, 403–465.
Rudwick, M.J.S., 1997. Georges Cuvier, Fossil Bones, and Geological
Catastrophes. University of Chicago Press, Chicago. 301 pp.
Rudwick, M.J.S., 2005. Bursting the Limits of Time: The Reconstruction of
Geohistory in the Age of Revolution. University of Chicago Press, Chicago.
708 pp.
Sacco, F., 1891. Untitled contribution to “Discussion sur les limites des
terrains Tertiaires et Quaternaires”. Congrès Géologique International,
Compte-Rendu de la Quatrième Session, Londres, 1888. Dulau et Cie,
Londres, pp. 233–237.
Sacco, F., 1892. L’Appennino dell’Emilia. Studio geologico summario.
Bollettino della Società Geologica Italiana 11, 425–614.
Sacco, F., 1897. Sur la classification des terrains tertiaires. Congrès Géologique
International, Compte-Rendu de la Sixieme Session [1894], en Suisse.
Georges Bridel, Lausanne, pp. 309–322.
Sacco, F., 1907a. Gli Abruzzi. Bollettino della Società Geologica Italiana 26,
377–460.
Carlo Mayer-Eymar. Bollettino della Società Geologica Italiana 26, 585–602.
Salvador, A. (Ed.), 1994. International Stratigraphic Guide, 2nd ed. International
Union of Geological Sciences and The Geological Society of America,
Trondheim. 214 pp.
Salvador, A., 2004. The Tertiary is not toast. Geotimes 49 (6), 6.
Salvador, A., 2006a. The Tertiary and the Quaternary are here to stay. American
Association of Petroleum Geologists Bulletin 90, 21–30.
Salvador, A., 2006b. A stable Cenozoic geologic time scale is indispensable.
Episodes 29, 43–45.
Sandberger, F., 1847. Uebersicht der geologischen Verhältnisse des Herzogthums Nassau. Kreidel, Wiesbaden. 144 pp.
Sandberger, F., 1853. Untersuchungen über das Mainzer Tertiärbecken und dessen
Stellung im geologischen Systeme. Kreidel und Niedner, Wiesbaden. 91 pp.
Sargeant, W.A.S., 1980. Geologists and the History of Geology: An
International Bibliography from the Origins to 1978. Arno Press, New
York. five volumes.
Schuchert, C., 1910. Paleogeography of North America. Bulletin of the
Geological Society of America 20, 427–606.
Seguenza, G., 1904. Rissoidi neogenici della provincia di Messina. Rivista
Italiana di Paleontologia 10, 15–16 (abstract).
Selli, R., 1967. The Pliocene–Pleistocene boundary in Italian marine sections
and its relationship to continental stratigraphies. Progress in Oceanography
4, 67–86.
Selli, R. (Ed.), 1977. Proceedings of the 2nd Symposium on the Neogene/
Quaternary Boundary. Giornale di Geologia, vol. 41. 459 pp.
Sismonda, E., 1853. Untitled letter to the editor in the section “Mittheilungen an
Professor BRONN gerichtet”. Neues Jahrbuch für Mineralogie, Geognosie,
Geologie und Petrefaktenkunde 332–335.
Snyder, M.A., 1999. On the names attributed to Partsch in the family Fasciolariidae (Miocene, Central Europe). Rendiconti Lincei. Scienze Fisiche e
Naturali (series 9) 10, 5–8.
Società Geologica Italiana, 1954. La limite Plio–Pléistocène en Italie.
19th International Geological Congress (Algiers), Fascicule XV, Section
XIII, pp. 215–217.
Spengler, E., 1912. Rudolf Hoernes. Mitteilungen der Geologischen
Gesellschaft in Wien 5, 309–323.

Author's personal copy

S.L. Walsh / Earth-Science Reviews 89 (2008) 42–72
Stache, G., 1858. Die neogenen Tertiärbildungen in Unter-Krain. Jahrbuch der
Kaiserlich-Königlichen Geologischen Reichsanstalt 9, 366–398.
Stanley, S.M., 1986. Anatomy of a regional mass extinction: Plio–Pleistocene
decimation of the Western Atlantic bivalve fauna. Palaios 1, 17–36.
Stanley, S.M., Campbell, L.D., 1981. Neogene mass extinction of Western
Atlantic molluscs. Nature 293, 457–459.
Stefanini, G., 1919. Fossili del Neogene Veneto. Parte Seconda: BrachiopodaEchinodermata. Palaeontographia Italica 25, 127–171.
Steininger, F.F., 1981. The working group on the Paleogene/Neogene
boundary. In: Cati, F., Steininger, F.F., Borsetti, A.M., Gelati, R. (Eds.),
In Search of the Palaeogene/Neogene Boundary Stratotype. Part 1. Potential Boundary Stratotype Sections in Italy and Greece and a Comparison
with Results from the Deep-Sea. International Union of Geological
Sciences Commission on Stratigraphy, Publication Number 3, pp. 15–24.
Bologna.
Steininger, F.F., 1999. Chronostratigraphy, geochronology, and biochronology
of the Miocene “European Land-Mammal Megazones (ELMMZ) and the
Miocene Mammal-Zones (MN-Zones)”. In: Rössner, G., Heissig, K. (Eds.),
The Miocene Land Mammals of Europe. Pfeil, München, pp. 9–24.
Steininger, F.F., 2002. Das Känozoische Ärathem-Versuch einer Revision der
chronostratigraphischen Gliederung. Courier Forschunginstitut Senckenberg 237, 39–45.
Steininger, F.F., Piller, W.E., 1999. Empfehlungen (Richtlinien) zur Handhabung der stratigraphischen Nomenklatur. Courier Forschunginstitut Senckenberg 209, 1–19.
Steininger, F.F., Berggren, W.A., Kent, D.V., Bernor, R.L., Sen, S., Agusti, J.,
1996. Circum-Mediterranean Neogene (Miocene and Pliocene) marinecontinental chronologic correlations of European Mammal Units. In: Bernor,
R.L., Fahlbusch, V., Mittmann, H.-W. (Eds.), The Evolution of Western
Eurasian Neogene Mammalian Faunas. Columbia University Press, New
York, pp. 7–46.
Steininger, F.F., Aubry, M.-P., Berggren, W.A., Biolzi, M., Borsetti, A.M.,
Cartlidge, J.E., Cati, F., Corfield, R., Gelati, R., Iaccarino, S., Napoleone, C.,
Ottner, F., Rögl, F., Roetzel, R., Spezzaferri, S., Tateo, F., Villa, G.,
Zevenboom, D., 1997. The global stratotype section and point (GSSP) for
the base of the Neogene. Episodes 20, 23–28.
Steinmann, G., Döderlein, L., 1890. Elemente der Paläontologie. Wilhelm
Engelmann, Leipzig. 848 pp.
Strehlau, J., Hubmann, B., 2003. Rudolf Hoernes: Begründer der heutigen
Klassifizierung von Erdbeben vor 125 Jahren. Berichte der Geologischen
Bundesanstalt 64, 75–76.
Studer, B., 1851–1853. Geologie der Schweiz. Stämpflische Verlagshandlung,
Bern. 2 vol.
Studer, B., 1872. Index der Petrographie und Stratigraphie der Schweiz und ihrer
Umgebungen. J. Dalp’schen, Bern. 272 pp.
Stur, D., 1855. Über die Ablagerungen des Neogen (Miocen und Pliocen),
Diluvium und Alluvium im Gebiete der nordöstlichen Alpen und ihrer
Umgebung. Sitzungsberichte der kaiserlichen Akademie der Wissenschaften
mathematisch-naturwissenschaftliche Klasse (Wien) 16, 477–539 (Abteilung 1).
Stur, D., 1864. Ueber die neogenen Ablagerungen im Gebiete der Mürz und Mur
in Obersteiermark. Jahrbuch der Kaiserlich-Königlichen Geologischen
Reichsanstalt 14, 218–252.
Suguio, K., Ernandes, A., Sallun, M., Soares, E.A.A., 2005. Quaternary: “Quo
Vadis”? Episodes 28, 197–200.
Tietze, E., 1884. Die Versuche einer Gliederung des unteren Neogen in den
österreichischen Ländern. Zeitschrift der Deutschen Geologischen
Gesellschaft 36, 68–121.
Tietze, E., 1887. Die geognostischen Verhältnisse der Gegend von Krakau.
Jahrbuch der Kaiserlich-Königlichen Geologischen Reichsanstalt 37, 423–838.
Trabuco, G., 1900. Fossili, stratigrafia ed età dei terreni del Casentino (Toscana).
Bollettino della Società Geologica Italiana 19, 699–721.
Twain, M., 1880. A Tramp Abroad. American Publishing Company, Hartford,
CT. 631 pp.
Ulrich, E.O., 1911. Revision of the Paleozoic systems. Bulletin of the
Geological Society of America 22, 281–680.
Vaccari, E., 1998. Lyell’s reception on the continent of Europe: a contribution to
an open historiographical problem. In: Blundell, D.J., Scott, A.C. (Eds.),

71

Lyell: The Past is the Key to the Present. Geological Society of London,
Special Publication, vol. 143, pp. 39–52.
Vai, G.B., 1997. Twisting or stable Quaternary boundary? A perspective on the
glacial late Pliocene concept. Quaternary International 40, 11–22.
Van Couvering, J.A., 1997. Preface: the new Pleistocene. In: Van Couvering, J.
A. (Ed.), The Pleistocene Boundary and the Beginning of the Quaternary.
Cambridge University Press, Cambridge, UK, pp. xi–xvii.
Van Couvering J.A. 2005 (2006). Editorial: No warming in the Quaternary.
Stratigraphy 2: 310.
Vávra, N., 2001. August Emanuel Ritter von Reuss-der Begründer der
Mikropaläontologie in Österreich. Berichte der Geologischen Bundesanstalt
53, 68–72.
Vogt, C., 1868. Lehrbuch der Geologie und Petrefactenkunde, dritte und
gänzlich umgearbeitete Auflage. Erster Band. Friedrich Vieweg und Sohn,
Braunschweig. 728 pp.
von Haidinger, W., 1848. Bericht über die geognostische Uebersichts-Karte der
österreichischen Monarchie. Berichte über die Mittheilungen von Freunden
der Naturwissenschaften in Wien 4, 215–246.
von Haidinger, W., 1851. Vorwort. In Die fossilen Mollusken des Tertiarbeckens von Wien. I. Band. Univalven, Hörnes M, Partsch P (Authors).
Abhandlungen der Kaiserlich-Königlichen Geologischen Reischsanstalt 3
(Wien); 2–4.
von Haidinger, W., 1865. Die geologische Uebersichtskarte der Oesterreichischen Monarchie. Jahrbuch der Kaiserlich-Königlichen Geologischen
Reichsanstalt 15, 259–266.
von Haidinger, W., 1866. Die geologische Übersichtskarte der Österreichischen
Monarchie. Neues Jahrbuch für Mineralogie, Geologie und Palaeontologie
752–754.
von Hauer, F., 1850. Ueber die geognostischen Verhältnisse des Nordabhanges
der nordöstlichen Alpen zwischen Wien und Salzburg. Jahrbuch der
Kaiserlich-Königlichen Geologischen Reichsanstalt 1, 7–60.
von Hauer, F., 1852. [Report on the first two numbers and several test plates of
the third number of:] Die fossilen Mollusken des Tertiärbeckens von Wien
unter der Mitwirkung von P. Partsch bearbeitet von M. Hörnes [etc.].
Zeitschrift der Deutschen Geologischen Gesellschaft 4, 631–633.
von Hauer, F., 1858. Ueber die Eocengebilde im Erherzogthume Oesterreich und
in Salzburg. Jahrbuch der Kaiserlich-Königlichen Geologischen Reichsanstalt 9, 103–137.
von Hauer, F., 1868. Geologische Uebersichtskarte der österreichischen
Monarchie. Blatt VI. Oestliche Alpenländer. Jahrbuch der KaiserlichKöniglichen Geologischen Reichsanstalt 18, 1–44.
von Hauer, F., 1869. Geologische Uebersichtskarte der österreichischungarischen Monarchie. Blatt III. Westkarpathen. Jahrbuch der KaiserlichKöniglichen Geologischen Reichsanstalt 19, 485–566.
von Hauer, F., 1872. Geologische Uebersichtskarte der österreichischungarischen Monarchie. Blatt IV. Ostkarpathen. Jahrbuch der KaiserlichKöniglichen Geologischen Reichsanstalt 22, 389–400.
von Hauer, F., 1873. Geologische Uebersichtskarte der österreichischungarischen Monarchie. Blatt VIII. Siebenbürgen. Jahrbuch der Kaiserlich-Königlichen Geologischen Reichsanstalt 23, 71–116.
von Oettingen A.J. 1904. J.C. Poggendorff’s Biographische-Literarisches
Handwörterbuch zur Geschichte der Exacten Wissenschaften [etc.]. Vierter
Band (die Jahr 1883 bis zur gegenwart Umfassend). Abtheilung I (A–L), pp. 1930; Abteilung II (M-Z), pp. 931–1718. Johann Ambrosius Barth: Leipzig.
von Richthofen F. 1877 [1971]. China, Band I. Akademische Druck-und
Verlagsanstalt: Graz; 758 pp.
von Zollikofer, T., 1859. Die geologischen Verhältnisse des Drannthales in
Unter-Steiermark. Jahrbuch der Kaiserlich-Königlichen Geologischen
Reichsanstalt 10, 200–219.
Walsh, S.L., 2006. Hierarchical subdivision of the Cenozoic Era: a venerable
solution, and a critique of current proposals. Earth-Science Reviews 78,
207–237.
Williams, H.S., 1895. Geological Biology: An Introduction to the Geological
History of Organisms. Henry Holt and Company, New York. 395 pp.
Wilmarth, M.G., 1925. The geologic time classification of the United States
Geological Survey compared with other classifications, accompanied by the
original definitions of Era, Period, and Epoch terms. United States
Geological Survey Bulletin 769, 138 pp.

Author's personal copy

72

S.L. Walsh / Earth-Science Reviews 89 (2008) 42–72

Wilson, L.G., 1970. Sir Charles Lyell’s scientific journals on the species
question. Yale University Press, New Haven. 572 pp.
Woodward, H.B., 1891. Report of sub-committee no. 1. Recent and Tertiary. A.
Pliocene, Pleistocene, and Recent. Congrès Géologique International,
Compte Rendu de la 4th Session (London, 1888), Quatrième Partie,
Appendix B, pp. B19–B38.
Woodward, H.B., 1907. The History of the Geological Society of London.
Geological Society, London. 336 pp.
Zalasiewicz, J., Gibbard, P., Waters, C., Gregory, F.J., Barry, T.L., Bown, P.R.,
Brenchley, P., Cantrill, D.J., Coe, A.E., Cope, J.C.W., Knox, R., Gale, A.,
Hounslow, M., Marshall, J., Powell, P., Oates, M., Smith, A., Stone, P.,
Rawson, P., Trewin, N., Williams, M., 2006. The future of the Quaternary.
Geoscientist 16 (7), 28–30.
Zhamoida, A.I., 2004. Problems related to the International (Standard)
Stratigraphic Scale and its perfection. Stratigraphy and Geological
Correlation 12 (4), 321–330.
Zittel, K.A., 1895. Grundzüge der Paläontologie (Paläozoologie). R. Oldenbourg, München. 971 pp.
Zittel, K.A., 1901. History of Geology and Paleontology to the End of the Nineteenth
Century [English translation by M.M. Ogilvie-Gordon of the original German
edition published in 1899 by R. Oldenbourg]. Walter Scott, London. 562 pp.
Zittel, K.A., Broili, F., 1910. Grundzüge der Paläontologie (Paläozoologie). I.
Abteilung. Invertebrata. Dritte verbesserte und vermehrte Auflage. R.
Oldenbourg, München. 607 pp.
Zittel, K.A., Broili, F., 1921. Grundzüge der Paläontologie (Paläozoologie). I.
Abteilung. Invertebrata. Fünfte verbesserte und vermehrte Auflage. R.
Oldenbourg, München. 710 pp.

of Tony Hallam, Chris Caseldine and the staff of Earth-Sciences Reviews,
especially Frans Koning, which we warmly acknowledge.
Steve Walsh received a B.S. degree in Geology in 1987 at San Diego State
University, California, USA and worked in various capacities in the Department
of Paleontology of the San Diego Natural History Museum from 1988. A brief
foray into graduate school proved too stifling to Steve and instead he set out on
his own course of study. Initially, his research interests focused on Paleogene
stratigraphy and mammal faunas of southern California and the western United
States and through his prodigious field and laboratory efforts he built-up a large
and comprehensive collection of small fossil mammals from the region. In later
years he turned more and more to his new passion for the theoretical
foundations of biostratigraphy, biochronology and chronostratigraphy, even
teaching himself German so he could read the primary literature in that
language. A consummate scholar and philosopher, Steve viewed his science in
a fairly strict Popperian sense and challenged others to aspire to a higher level
of objectivity. Needless to say he did not suffer fools gladly. It seems clear that
Steve was just finding his voice as a mature earth scientist and the strides he
was taking were leading him in new directions of discovery. We can only
imagine what great things he might yet have accomplished and we hope that
this paper serves as an appropriate memorial to our colleague and friend.
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This paper is published posthumously following the untimely death of
Stephen L. Walsh on 1 August 2007. The manuscript was originally submitted
to and revised by Steve himself for the Journal of Quaternary Science. However
following his death it was felt to be more appropriate to a wider geological
audience. This publication was made possible through the considerable support
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