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Definition and geochronologic/chronostratigraphic rank of the term Quaternary
Recommendations by the 

Quaternary Task Group

jointly of the

 International Commission on Stratigraphy (ICS, of the International Union of Geological Sciences, IUGS)

and of the

International Union for Quaternary Research (INQUA)

Summary of recommendations


The Quaternary Task Group recommends that the Quaternary be:


(1)  An officially ratified geochronologic/chronostratigraphic unit of the international geologic time scale,


(2)  Defined as the interval from the GSSP base of the Gelasian Stage (approximately 2.59 Ma) of the late Pliocene Epoch to the Present,  and

(3)  Assigned the geochronologic rank of Period or Sub-Era within the Cenozoic Era.  [A majority (6 of 8) considered Period acceptable, and a lesser majority (5 of 8) found Sub-Era to be acceptable.]
Background


One of the roles of ICS is to establish a common global language for Earth’s history.  An important aspect is that the terms used for discussing intervals of geologic time are logical concepts and are consistent in definition throughout the world.  For this purpose, a suite of successive international divisions of the geologic time scale are developed by consensus on their usefulness and suitability for global correlation, defined precisely and uniquely using boundary stratotypes, and ratified by the International Union of Geological Sciences (IUGS).  Standardized groupings of these divisions of Earth’s history into epochs, periods, and other geochronologic/chronostratigraphic ranks are also decided by international discussions on their usefulness, while attempting to maintain consistency with widespread historical usage. 


For over a century, the status and stratigraphic position of the Quaternary have been debated.  In part because of disagreements on its appropriate age span and associated formal definition, the Quaternary has never been ratified as a chronostratigraphic division within the international geologic time scale, nor assigned a chronostratigraphic rank.  Authoritative recent papers on the history of the Quaternary and its recommended stratigraphic definition and status are Berggren (1998), Lourens et al. (2004), Ogg (2004), Pillans (2004), Pillans and Naish (2004), Gibbard et al. (2005), Berggren and Van Couvering (2005), and Aubry et al. (2005).  The varied viewpoints espoused by these publications illustrate that disagreements still exist.  A summary of the historical background since 1948 is given in Appendix 1.


The INQUA Executive, through consultation with the Quaternary community in 2004, found widespread support for defining the Quaternary as a chronostratigraphic unit with a base at 2.6 Ma.  As a consequence, ICS and INQUA considered it timely to decide on the stratigraphic meaning of the Quaternary, so that it could be unequivocally placed in the standard global time scale. John Clague, President of INQUA, Felix Gradstein, Chair of ICS, assisted by outgoing IUGS President Ed de Mulder, agreed that a working group be struck that would make a recommendation to ICS on the definition of the Quaternary in 2005.

A Task Group was accordingly assembled, consisting of nine members who would receive advice and input from the wider constituency.  This task group was “charged with the single task of defining the Quaternary in a stratigraphic sense.  If the task group recommends definition in a formal chronostratigraphic sense, its proposal will go through the standard ICS consultation, voting, and ratification procedures.”  The membership included a broad cross-section of regions (Australia, UK, Poland, Netherlands, USA), of specialties (terrestrial stratigraphy, paleoceanography, cycle stratigraphy, biostratigraphy, etc.), and of offices (chairs of INQUA’s stratigraphy commission, ICS’s Neogene and Quaternary subcommissions, ICS’s secretary, etc.).  The members of the Task Group are:

Chair:
James Gehling, Australia

Vice-Chair:
Brad Pillans, Australia 

Secretary:
James Ogg, USA

Members:
Nicholas Shackleton, UK


Jan Piotrowksi, Denmark


Leszek Marks, Poland


John van Couvering, USA


Phil Gibbard, UK


Frits Hilgen, Netherlands


Martin J. Head, Canada (non-voting)

It was subsequently agreed that recommendations on the Quaternary would be based on a series of questions voted upon by members of the ‘task force’.  The present document gives the results of these ballots (full results are given in Appendix 2), and reports the ensuing recommendations.


There are some basic constraints –  (1)  An internationally -ratified chronostratigraphic unit is defined at its base by a GSSP, and the rank-nomenclature and hierarchy of such ratified units should follow the International Stratigraphic Guide.  (2)  The present ratified GSSPs for Pleistocene, and Pliocene epochs and stages are fixed by international agreement and usage.  (3)  Historical usage and concepts are a guide for defining chronostratigraphic units, but are not an absolute constraint.  Modern chronostratigraphic units should meet the needs of geological workers and tests for global applicability and precise correlation, otherwise they will be ignored.

Questions and recommendations of the ICS-INQUA ‘task force’ working group

(1)  What is the appropriate span of Quaternary time and the associated stratigraphic record that adequately satisfies the modern usage, the concepts and the needs of global Quaternary workers?


The Task Group examined what the term Quaternary means to the geologic community.  The term is synonymous with the time span and stratigraphic record of major climatic oscillations and Northern Hemisphere glacial episodes.  Even though there was a general progressive climatic cooling through the Neogene, both the terrestrial record of glacial extent and loess and the marine record of ice-rafted debris and stratification show a clear onset of major glacial episodes beginning at approximately 2.7 to 2.6 Ma (e.g., review by Pillans and Naish, 2004).  The earliest record of Laurentide ice-sheet expansion as far south as central Missouri, equivalent in scope to any later North American glaciations, is the Atlanta glacial till of 2.4 Ma (Balco et al., 2005).  This time span also conveniently encompasses the development of humans as toolmakers and the evolution of the genus Homo.


On the other hand, several studies have documented an abrupt cooling of climate and dramatic paleoceanographic changes accompanying Marine Isotope Stage 110, and this level may mark the onset of environmental conditions that are usually associated with the Quaternary.  Some of these indicators at MIS 110 (~2.73 Ma) include:

(a) sudden appearance of significant ice-rafted debris in northern high-latitude oceans [Nature, 307 (1984): pg.620;  ODP Leg 145 (1995)],

(b) onset of stratification in both northern and southern high latitudes [Nature, 401 (1999): pg.779, and Nature, 428 (2004): pg.59],

(c) Chinese loess and other climate proxies [diagrammed in Quat. Sci. Rev.; Pillans & Naish, 2004], 

(d) the first influx of the planktonic foraminifer Neogloboquadrina atlantica into the Mediterranean is associated with MIS110 (“Marine Isotope Stage” 110) [F. Hilgen, written response to the Quaternary ‘Task Force’ working group Ballot No. 1]

(e) and coincides with a glacial-induced sea-level drop during Northern Hemisphere ice-sheet growth and final closure of Isthmus of Panama allowing land-mammal exchange [reviewed in Nature, 383 (1998): 674].

However, persuasive arguments for an approximately 2.6 Ma age are:

(a) considerations for ease in global correlation based on the Gauss/Matuyama magnetic reversal (base of Chron C2Ar; 2.581 Ma), and

(b) the ability to tie to an established GSSP.  The GSSP-defined base of the Gelasian Stage is in the peak of an extreme interglacial producing sapropel A5 (the Nicola key bed; Marine Isotope Stage 103) at 2.588 Ma. 


Informal polling of INQUA (International Union for Quaternary Research) members, comments by the majority of e-mails to ICS-INQUA on the Quaternary, the general Quaternary usage problems that had led to the 1998 re-examination of the base-Pleistocene, all published articles that relied on geologic arguments (especially terrestrial), and other external input collectively support the view that the Quaternary concept spans the past 2.6 million years.  Voting of the Task Group was unanimous on this definition.

(2)  Geochronologic/chronostratigraphic Rank of Quaternary


Nearly all Task Group members were adamant that the Quaternary should be a formal unit within the geochronologic hierarchy; but opinions diverged on what was the most appropriate rank – Sub-Era or Period.  The voting was on four options:  non-hierarchical unit, sub-Period, Period and Sub-Era.  The four main choices are diagrammed below:

[image: image1..pict]

For reasons summarized in Aubry et al. (2005), the option of Sub-Period rank was not favored as a first choice by any of the task group members.  Voting was split between two main choices: to define the Quaternary as a Period/System or as a Sub-Era/Sub-Erathem.  Three members considered the Period/System to be “the only acceptable choice”, whereas two to three members considered that Period option to be unacceptable (see Ballot #3).

Period Option


In this option, the Quaternary would be a period succeeding the Neogene Period.  However, with the recommended span of the Quaternary at 2.6 myr, this rank creates a basic problem in the existing geochronologic framework, because it would fall 0.8 myr below the base of the Pleistocene epoch.  In this case, it violates basic hierarchical logic in that periods are composed of epochs, and therefore the boundaries of periods must coincide by definition with the boundaries imposed by their component epochs.  This problem could be remedied if the period boundary could be made to coincide with the limit of the constituent epochs, by either: (1) reducing the span of the Quaternary to coincide with the base of the Pleistocene at 1.8 Ma (an alternative not acceptable to most Quaternary workers for the reasons given previously), or (2) redefining the base of the Pleistocene to 2.6 Ma (an option that was rejected in 1998), or (3) re-classifying the Gelasian Age as an epoch.  [This option is diagrammed on the next page.]


Furthermore, while the Neogene Period has been considered to extend to the present (e.g,, reviews by Berggren, 1998, and by Aubry et al., 2005 – see also poll of Neogene Subcommission in Appendix 2), there is an alternative usage popularized by Gignoux (1913) and later workers that restricts Neogene to Miocene and Pliocene.  This widespread usage justifies displaying a Quaternary Period in succession to the Neogene, albeit generally with only a 1.8 myr time span.  Thus, there is a current lack of consensus regarding the span of the Neogene.

Sub-Era Option

Historically, the Quaternary and preceding Tertiary were “eras” of geologic time.  The Cenozoic Era now spans the interval that these two “eras” had formerly encompassed.  Therefore, partly in recognition of its pre-Cenozoic status and partly to circumvent the non-hierarchical relationship of periods to epochs (above), it was proposed by Aubry et al (2005) that the Quaternary be classified as a “Sub-Era” of the Cenozoic.  


In this scenario, the Cenozoic Era would retain its division into two periods – the Neogene (Holocene, Pleistocene, Pliocene and Miocene Epochs, spanning approximately 0.0 to 23.0 Ma) and the Paleogene (Oligocene, Eocene and Paleogene Epochs, spanning approximately 23.0 to 65.5 Ma).  To accommodate the Tertiary and Quaternary, a somewhat independent subdivision of the Cenozoic Era is envisaged that would accommodate the non-marine record, with its emphasis on continental environments and biota and with the potential for appropriate subdivisions (i.e., mammal ages) reflecting the major transitions in this record.  Such a separate but formally linked accommodation for marine and non-marine studies would go a long way to resolving conflict between the practices and needs of the two research communities.  [This option is diagrammed on the next page.]


The proposed Sub-Era ranking introduces conceptual, but not scientific difficulties, having to do with preconceptions about the ideal geologic time scale. For example, no other geologic era has sub-era subdivisions, and therefore a new column would be required for the chronostratigraphic scale if this option were adopted.  It can be argued, however, that also allows flexibility, in that there are no preordained requirements for “sub-era”, therefore it span portions of current periods or epochs.  However, one would wish to reserve “sub-era” status for only special cases, such as this suite of climatic episodes that constitute the widely used Quaternary that can not be accommodated by the marine-defined Pleistocene-Pliocene hierarchy. 

***********************************************


In summary, considering the pressing requirements of Quaternary geologists and of the general public for a uniform Quaternary definition, and the need for official recognition of this interval as part of the international geologic time scale, the ICS-INQUA Task Group on the Quaternary recommends that:

(1)  The Quaternary be a formally defined and ratified geochronologic/chronostratigraphic subdivision of the Cenozoic Era/Erathem. 

(2)  The base of the Quaternary be defined by the GSSP of the Gelasian Stage/Age of the Pliocene.  The Quaternary time span and associated geologic strata encompass the past ~2.6 million years of Earth’s history.

(3)  The Quaternary have a rank of either a Period or a Sub-Era.

Fig. 1a
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Fig. 1b
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APPENDIX 1

Background to the status of Quaternary – Concept, and why it currently lacks placement in the chronostratigraphic scale

[Compiled by J. Ogg, with assistance of J. Van Couvering]


The Cenozoic Era currently has two ratified Periods – the Neogene (Holocene, Pleistocene, Pliocene, and Miocene epochs, or approximately 0.0 to 23.0 Ma) and the Paleogene (Oligocene, Eocene, and Paleocene epochs, or approximately 23.0 to 65.5 Ma).  However, the term “Quaternary” has a long tradition of usage among all areas of geosciences and public education.  “Most people relate the Quaternary to the youngest period of geological history that is characterized by strong oscillations of the climate and that towards its end culminates in a series of major glaciations.  Signs of early glaciations in the Northern Hemisphere are known from about 2.6 Ma.  As a result, rapid worldwide changes in climate and sea level have been recorded.  This, in turn, speeded up many terrestrial geological processes and caused rapid global shifts of climate and vegetation zones.  In fact, the dynamics of the ecosystems at the Earth’s surface changed spectacularly.  The most densely populated areas in Europe (and elsewhere) are the alluvial plains and lowland areas that have been formed during the Quaternary.”  [excerpt from letter from Netherlands Institute of Applied Geosciences, National Geological Survey]


A long-standing hurdle for including the Quaternary in the international chronostratigraphic scale, is that, even though Quaternary is in widespread usage, it has lacked a consistent definition among researchers and national geologic surveys.  For example, the above letter from the Netherlands National Geological Survey refers to 2.6 Ma, and this is the span of the Quaternary favored by most INQUA members and the majority of letter writers to ICS-INQUA on this issue.  However, other organizations (e.g., the North American Commission on Stratigraphic Nomenclature) equate Quaternary with the pair of Holocene and Pleistocene epochs, and therefore assign a basal age of 1.8 Ma.  Partly because of such disagreements on its appropriate age span and associated formal definition, the Quaternary has never been ratified as a chronostratigraphic division within the international geologic time scale, nor assigned a chronostratigraphic rank.


Therefore, the joint INQUA-ICS Quaternary Task Group was “charged with the single task of defining the Quaternary in a stratigraphic sense.  If the task group recommends definition in a formal chronostratigraphic sense, its proposal will go through the standard ICS consultation, voting, and ratification procedures.”


In a nutshell, today’s debate reflects an unsuccessful attempt to marry two independent concepts: (1) a marine concept of “Pleistocene”, which was characterized by Sir Charles Lyell in 1833 for sediments with more than 90% of modern species, and revised by later workers in the Mediterranean region to indicate regional influxes of cold-water mollusks into Neogene sediments, and (2) a terrestrial concept of “Quaternary”, with mammal-rich Villafranchian deposits in Italy and glacial records elsewhere in high latitudes.  Authoritative recent papers on the century-long debate on the definition, onset and stratigraphic relationships of the Quaternary and Pleistocene are Van Couvering (1997), Berggren (1998), Lourens et al. (2004), Ogg (2004), Pillans (2004), Pillans and Naish (2004), Gibbard et al. (2005), and Aubry et al. (2005).  The current varied viewpoints and historical perspectives espoused by these publications illustrate that disagreements still exist.  We will briefly summarize four major milestones that led to the current situation.

1948:  International Geological Congress solves one problem, but creates another:


According to the recommendation of its special Commission, the 1948 London Congress voted to locate the Pliocene-Pleistocene boundary at the base of the Calabrian Stage in southern Italy, as defined by Gignoux (1910, 1913).  By designating a physical reference point or “golden spike” the Commission ended a century of fruitless debate over which conceptual definition of Pleistocene should prevail -- marine, continental, anthropological, and not to mention customary regional preferences.  Even so, the proposal had to survive a potentially crippling concession to vertebrate paleontologists on the Commission, in which “to remove existing ambiguities” the base of the Pleistocene was also made equivalent to the Villafranchian “stage” (i.e., mammal age) in continental sequences.  As it proved, there were problems with both sides of this definition, in that the “typical” Calabrian sections described by Gignoux were incomplete exposures of shallow-water strata in which the basal transition could not be studied, and in that Villafranchian mammal faunas extend well into pre-Calabrian levels. In the event, Gignoux’ basic concept for the Calabrian, as a unit beginning with the “horizon of first indication of climate deterioration” in marine faunas, became the governing criterion, and after several false starts a GSSP was finally proposed in deep-water Calabrian strata at Vrica, Calabria.


However, a more fundamental problem was left to complicate the situation for later generations, in that the Congress did not clarify the rank-relationship, within the Italian upper Cenozoic between the Pleistocene, as newly established in a physical reference point, and the Quaternary, aside from parenthetical references to a “Tertiary-Quaternary” boundary as a time equivalent entity.

Recommendations of Commission appointed to advise on the definition of the Pliocene-Pleistocene boundary; 1 Sept 1948: 


The Council of the Congress [=International Geological Congress] unanimously accepted the recommendations of the Commission [appointed to advise on the definition of the Pliocene-Pleistocene boundary]:


1.  The Commission considers that it is necessary to select a type-area where the Pliocene-Pleistocene (Tertiary-Quaternary) boundary can be drawn in accordance with stratigraphical principles. 


2.  The Pliocene-Pleistocene (Tertiary-Quaternary) boundary should be based on changes in marine faunas, especially in the classic area of marine sedimentation in Italy.


3.  The Commission recommends that, in order to remove existing ambiguities, the lower Pleistocene should include as its basal member in the type-area the Calabrian formation (marine) together with its terrestrial (continental) equivalent, the Villafranchian.


4.  The Commission notes that, according to evidence given, the usage would place the boundary at the horizon of the first indication of climate deterioration in the Italian Neogene succession.

(King & Oakley, 29 January 1949, Nature, 163: 186)
1983:  Ratification of the Pleistocene-GSSP leaves “Quaternary” without a chronostratigraphic rank:


The decision by the joint INQUA-ICS working group to assign the GSSP at Vrica in Sicily for the base of the Pleistocene near the top of the Olduvai subchron (1.8 Ma) was ratified by IUGS in 1983.  This Pleistocene-Pliocene epoch-boundary working group had specifically omitted any indication that the base of the Quaternary concept would coincide with the base of the Pleistocene; indeed, the only mention of “Quaternary” is in the context of a concluding statement that explicitly leaves it without status!  


“The subject of defining the boundary between the Pliocene and Pleistocene was isolated from other more or less related problems, such as the pending definition of the Calabrian, and the status of the Quaternary within the chronostratigraphic scale.”


-- E. Aguirre and G. Pasini (1985, The Pliocene-Pleistocene Boundary.  Episodes 8: 116-120. = official publication of the base-Pleistocene GSSP decision by the special joint INQUA-ICS working group)


As a result, the definition of the Quaternary has been left in limbo for 20 years.  Contributing to this indecision was the problem that the traditional Quaternary concept, as a time of perceptible “deterioration” in continental environments  (i.e., increase in the amplitude of global climate cycles, continental glaciers covering ever more territory during climatic lows, and the progressive adaptation of continental biotas to seasonal change, as in the Villafranchian mammal faunas) was NOT explicitly incorporated into the concept of the Pleistocene GSSP.


After the Pleistocene GSSP was ratified, the term Quaternary developed a split personality.  On the one side, some national geological time scales displayed Quaternary as a period-level division equivalent to the Holocene and Pleistocene epochs (hence, 1.8 Ma at the base).  Whereas on the other side, most Quaternary researchers and some other geologic surveys continued to equate Quaternary with the earliest clear evidence of “deterioration” (glacial advances in mountain areas, development of Villafranchian fauna, deposition of loess in China) at c. 2.6 Ma).  This conflict in usage between “on-paper equivalence” versus “actual geologic concept” reached a crescendo during the 1990’s, when Quaternary specialists demanded that the “artificial” base of the Pleistocene be lowered to accommodate the “true” Quaternary.

1998:  Base-Pleistocene re-ratified as 1.8 Ma; but common base-Quaternary usage continues as 2.6 Ma


In 1998, another joint ICS-INQUA working group debated lowering the base-Pleistocene to about 2.6 Ma (and moving the GSSP to another geographic location).  The Vrica GSSP was upheld by a slim majority (60%).  Again, as in 1983, the official voting documents did not imply that this base-Pleistocene GSSP would also define “base-Quaternary”.  Indeed, from the documentation that accompanied the submission of the voting results to IUGS, it is apparent that a number of members of INQUA did not want a base-Quaternary defined as at the ratified and re-confirmed base-Pleistocene level.  


“The demand to lower the Plio-Pleistocene boundary (to 2.5 Ma), abolishing its formal definition through the Vrica GSSP, is thus rejected. …  Despite the clear result of the vote, its acceptance by Quaternary stratigraphers remains uncertain.  In some cases, the existing (Pleistocene) boundary was simply ignored and the base of the Quaternary placed at 2.5 Ma.”

    -- ICS report to IUGS (Dec, 1998) on joint vote by 34 members of working group (59% to retain, 38% to lower)


The re-ratification of the Pleistocene GSSP in 1998 still left the term Quaternary formally undefined under IUGS guidelines, without chronostratigraphic rank, and not explicitly equated with the Pleistocene.  In addition, the following propositions have never been approved by IUGS: 

· Despite several national time-scale charts to the contrary, a “Quaternary-Neogene boundary” has not been formally adopted.  [See also Appendix 2 on the Neogene Subcommission poll.]
· The Quaternary was never given the rank of a period. 

· The Neogene was never defined as equivalent to Miocene and Pliocene, and its status as a system extending to the present (e.g., implied extent of “Italian Neogene” in the 1948 resolution) is unchallenged.

· The base-Quaternary was never explicitly placed at the base of the Pleistocene.

· The division of Pleistocene into stages, with Calabrian as the basal stage, was never accepted. 


Until that time the “ratified decisions” of the IUGS were not compiled into a single authoritative, documented time scale, and many assumed that “Quaternary” was something official and fixed.  

2001+:  Widespread distribution of ICS’s International Divisions of Geologic Time, “all hell erupts”, and the ICS-INQUA Task Group is formed


At the 2000 International Geologic Congress in Rio de Janeiro, a hybrid UNESCO-CGMW-IUGS-ICS time scale chart was distributed to participants, which displayed the status of GSSP ratifications.  This chart showed a “Quaternary” as a period truncating the Neogene at the base of the Pleistocene.  However, the insertion of a Quaternary was one of several contentious issues and compromises during preparation of this joint UNESCO-IUGS chart (Jurgen Remane, pers. communication to Jim Ogg, July 2000), and the final product from UNESCO was altered considerably from the initial draft prepared by ICS.  Therefore, for clarity, the ICS decided to remove aspects from UNESCO’s groups that had caused unnecessary criticism (e.g., abbreviation system for stages-period), and publish full documentation of GSSPs and time-scale status in literature (Episodes, etc.) and on the ICS website.  The lack of ratification or agreement on Quaternary was indicated; and the Cenozoic on the charts and tables was divided into its two ratified periods – Neogene and Paleogene. 


A widespread alarm arose within the Quaternary community that their namesake had been stricken from Earth’s history, and complaints were made to IUGS.  The Quaternary Subcommission of ICS, which had been terminated in 2000 for lack of any activity or submission of reports, was re-instated under Phil Gibbard.  When the “Geologic Time Scale 2004” version was prepared for distribution at the 2004 International Geologic Congress in Florence, an extensive e-mail campaign highlighted the concern of Quaternary workers that the apparent “removal” of the Quaternary by ICS was a “decision without adequate consultation”.  Few realized that the Quaternary (which had never been defined in a way that was desired by Quaternary specialists) had been left in limbo since 1985.


In some respects, this torrent of opinion has finally awakened INQUA and ICS that the term Quaternary should be defined in response to “popular demand” and that it should become part of the international scale.  However, the same long-standing questions immediately arose – (1) “What is meant by the Quaternary?”, and (2) “Given that definition, how can it be realistically incorporated into the current geologic time scale?”.


There are some basic constraints – (1)  The present ratified GSSPs for Pleistocene, and Pliocene epochs and stages are fixed by international agreement and usage.  In particular, the extent of the Pleistocene has become established after about 30 years of usage in the literature and reaffirmed by the 1998 decision to retain the 1.8 Ma base-Pleistocene GSSP at Vrica.  (2)  An internationally -ratified chronostratigraphic unit is defined at its base by a GSSP, and the rank-nomenclature and hierarchy of such ratified units must follow the International Stratigraphic Guide.  (3)  Historical usage and concepts are a guide for defining chronostratigraphic units, but are not an absolute constraint.  Modern chronostratigraphic units should meet the needs of geological workers and tests for global applicability and precise correlation, otherwise they will be ignored.

APPENDIX 2

Neogene and base of Quaternary

[Frits Hilgen, chair of Neogene Subcommission; received 25 Aug 2005]

Dear members of the task group,

Following the discussion about the exact wording of the report of our taskforce, I feel that it is necessary to further clarify my standpoint and that of the SNS [Subcommission on Neogene Stratigraphy] just before the Leuven meeting.  Another reason for this email is that I received the first response of SNS members to the final questionnaire that I distributed.

Firstly, it should be realized that the definition of the Quaternary is directly linked with that of the Neogene and the Pliocene/Pleistocene boundary.  Hence it is not just a matter of finding an acceptable solution for the Q but also for the N.  The latter should not be forgotten, also in view of the in that respect imbalance in the composition of the taskforce.

My attitude and that of the SNS bureau has been that a "compromise" solution should be found that is acceptable for both communities as well as for a wider stratigraphic community. I appreciate that members of our taskforce are trying hard to find such a compromise solution.

As far as the N is concerned there are essentially two "schools", one that considers the Paleogene and Neogene as Periods of the Tertiary Era (which culminated in the P, N and Q as Periods of the Cenozoic after removal of the Tertiary), and one that considers the Neogene to continue to the present-day.  According to Berggren (1998; 2005), the latter option is essentially in agreement with the original definition of the N (it should be noted that Hornes refers to the Pliocene of Lyell, 1833 and not 1839).  Even more important however is to see whether this "extended" N has found entrance in stratigraphic practice and literature.  This topic is addressed in Berggren's papers as well; it is pertinently not true that the "extended" Neogene has not been used as suggested by Amos Salvador in the ISSC newsletter no. 6.

Firstly, the (in)famous recommendations of the London 1948 IGC commission on the P/P boundary clearly state that the P-P (Tertiary-Quaternary) boundary should be placed at the horizon of the first indication of climatic deterioration IN the Italian NEOGENE succession.

Secondly, the extended Neogene is found back in the codifications used in the calcareous plankton (both planktonic foraminifera and calcareous nannofossils) zonations that were developed by and in close collaboration with the oil industry in the fifties and sixties (the first official publication is that of Banner and Blow, 1965).  More recently such an N codification has been used in developing a standard low latitude radiolarian zonation.  These zonations have been and are standard used in the DSDP/(I)ODP programme and by marine stratigraphers worldwide.  The time scale preferentially used in deep-sea drilling is that of Berggren et al. (1985; 1995, see also below)

Thirdly, if you look at the two most widely used time scales in the scientific literature over the last decades, i.e. those of Harland et al. (1982; 1989) and Berggren et al. (1985; 1995) you will find that Berggren adopts the extended Neogene (which will not come as a surprise after reading his papers), while Harland incorporates the Neogene and Paleogene as Periods in the Tertiary.  However he mentions the attempt to "extend" the Neogene up to the present and include the Pleistocene or Q into the Neogene.

Finally, I thus far received 10 responses of SNS members to the final questionnaire that was recently distributed to include the compromise solution proposed by Aubry et al. (2005) and that included as a first question whether they agreed with the "extended" Neogene including the Miocene, Pliocene, Pleistocene and Holocene as used in the GTS2004.  


Even though the outcome is still preliminary, 9 out of the 10 respondents agreed with an extended Neogene (which even surprised me!).  


Furthermore a majority (8 to 2) finds the option of lowering the P/P boundary from 1.8 Ma to 2.6 Ma as to coincide with an N/Q boundary to be defined at 2.6 Ma unacceptable.  This of course will not come as a big surprise after the formal ballot of 1998. 


Finally 7 out of 10 find a N/Q boundary at 2.6 Ma unacceptable while the remaining 3 find an N/Q boundary at 2.6 Ma acceptable among other options (i.e. all three also find an extended Neogene acceptable).

Summarizing there is a (strong) tendency within the Neogene community of in particular marine stratigraphers to agree with a Neogene extended up to the Recent.  This is essentially in line with its original definition and with previous but certainly not unanimous usage.  The above reasons indicate why I favour the compromise solution [Quaternary as Sub-Era] as presented in the Aubry et al. paper.  I therefore would like to see that this option is taken seriously by all members of the taskforce.  Personally I consider this option the best compromise presently available that may be acceptable for both communities and maybe even for a wider stratigraphic community.  I do not consider the alternative period option really to be a compromise, but this is personal opinion also because I consider a N/Q boundary as non-existent.

Frits

Dr. F.J. Hilgen

Institute of Paleoenvironments and Paleoclimate Utrecht

Budapestlaan 4, 3584 CD Utrecht, The Netherlands

tel.: +31 (0)30 2535173, fax: +31 (0)30 2535030,  email: fhilgen@geo.uu.nl
APPENDIX 3

Record of Ballots and Voting by the joint ICS-INQUA Task Group on the Quaternary

Quaternary Ballot #1


Definition of the term Quaternary

[Ballots tabulated on 10 June, 2005]

[Note that this is a 2-part question.]

(1)  Should there be a formal definition of the term “Quaternary”?


[Yes = 6 votes],   [No = 1 vote],   [Abstention = 1 vote]

Result: There is a clear majority decision –Quaternary is formally defined as spanning approximately the past c. 2.6 Myr.

James Gehling
As Chair, he is refraining from official voting, except in the case of a tied vote.
Brad Pillans
YES
James Ogg
NO -- “Quaternary” is currently used in varying ways by field-geologists (e.g., reworked unconsolidated alluvium and soil cover, similar to the original Quaternary definition of Arduino 1759), by land-based stratigraphers (North American glacial episodes and loess), and by national stratigraphy commissions and geological surveys (synonymous with or a period-level grouping for Pleistocene-Holocene, e.g. by USGS and in Italy; but is extended to 2.6 Ma by official usage in China and some other North-Hemisphere nations).  Insisting on an official definition for such diverse groups may be more divisive, rather than unifying.
John van Couvering 
YES

Phil Gibbard
YES -- INQUA has already said unequivocally that the Quaternary must be retained, and that it must be a full, formal chronostratigraphical unit.  PRECEDENCE of over 150 years of usage reinforces this point.  Anything else would be confusing in the extreme.

Frits Hilgen
ABSTAIN -- I do not see how this question can be separated from the different options available. For me, a formal definition as a global chronstratigraphic term would be OK but only for a limited of options.  However, most of the SNS (Subcommission on Neogene Stratigraphy) members that responded to my questionnaire did not see the necessity to have the Q formally defined, hence my vote.
Leszek Marks 
YES

Jan Piotrowski 
YES

Nicholas Shackleton
YES
(2)  What is the appropriate span of Quaternary time and the associated stratigraphic record that adequately satisfies the modern usage, concepts and needs of global Quaternary workers?

The two primary candidates are (briefly):


[0.0-1.8 Ma; beginning at an influx of cold-water marine fauna to the Mediterranean = 0 votes]


[0.0-2.6 Ma; beginning at the significant onset of global cooling and first glacial evidence = unanimous]

Result: there is unanimous support for a 2.6 Ma base for the Quaternary.

NOTE:  As Nick Shackleton indicated in his e-mail of 12 May, that it may be necessary to re-visit the preferred extent of the Quaternary interval if the next Ballot (formal chronostratigraphic placement) indicates a decision that conflicts with the Stratigraphic Guide and recommendations of the Subcommission on Stratigraphic Classification.
James Gehling
As Chair, he is refraining from official voting except in the case of a tied vote.  However, his preference is also 2.6 Ma.
Brad Pillans
2.6 Ma
James Ogg
2.6 Ma -- Because most people who routinely apply “Quaternary” in a research-sense in publications (e.g., INQUA-type stratigraphers) are referring to the interval of major climatic oscillations and North-Hemisphere glacial episodes.  Those who use “Quaternary” as equivalent to Pleistocene-Holocene do not necessarily require this terminology.
John van Couvering 
2.6 Ma (approximately) -- note that the precise age does not depend on this rationale, but on the age of the stratigraphic level that is used for a physical reference point according to the rationale.

Phil Gibbard
2.6 Ma

Frits Hilgen
2.6 Ma -- I have no problem with the 2.6 Ma option also because the argument that the first influxes of cold-water marine occurred is not exactly true. The first influx of the planktonic foraminifer Neogloboquadrina atlantica is associated with MIS110 (“Marine Isotope Stage” 110) and major influxes are recorded in the Mediterranean in MIS100, 98 and 96 after which the species becomes extinct.  However the climatostratigraphic definition might be considered less welcome, and the boundary would rather arbitrarily fall within MIS103, an extreme interglacial during sapropel A5 (the Nicola key bed) of the Gelasian GSSP was formed.
Leszek Marks 
2.6 Ma

Jan Piotrowski 
2.6 Ma -- Beginning at the Gelasian GSSP.
Nicholas Shackleton
2.6 Ma -- I will “vote” for 0 – 2.6 Ma because I believe that this is what the majority of “Quaternary” workers would prefer.  I do not believe that this is a “burning issue” and, as far as my personal research is concerned, I am happy with the Status Quo.

Quaternary Ballot #2


Rank of the Quaternary as a geochronologic unit


[Ballots tabulated on 4 July, 2005]

 [Note that this is a 2-part question.]

1.  Geochronologic Rank


The “Quaternary” should be given the following rank within the international chronostratigraphic scale:


(A)  A non-hierarchical unit, but included on all graphics of international Cenozoic subdivisions.



[option with straw-version wording submitted by Ogg to Task Group]


(B)  A sub-Period (sub-system) of the Neogene Period.



[option summarized by Pillans & Naish, Quat. Sci. Rev., 2004]


(C)  A Period (system), with a basal boundary to the Neogene Period.



[option summarized by Gibbard et al, Boreas, 2005]


(D)  A sub-Era (sub-erathem) of the Cenozoic Era



[option summarized by Aubry et al, Episodes,  in press]

[Period = 3 unequivocal votes],  [Period = 1 equivocal vote],  [Sub-Era = 2 unequivocal votes],  [Sub-Era = 2 equivocal votes]

Result: Period marginally favored over Sub-Era if judged by unequivocal vote, but issue essentially unresolved between these two options.

James Gehling
As Chair, he is refraining from official voting, except in the case of a tied vote.  
Brad Pillans
Sub-Era -- On the information available at the moment, I favour the SUB-ERA option over the others.   Comment: Having voted, as a group, for the 2.6 Ma option (= base Gelasian) for the base of the Quaternary, we are now faced with a dilemma.  Regardless of whether we opt for a rank of Sub-period, Period or Sub-era for the Quaternary, the strictly hierarchical structure of the GTS will be violated.  Unless we find a non-hierarchical solution that satisfies both ICS and INQUA, the argument will go on and on......  Nick predicted that this situation would probably be reached!  Jim's non-hierarchical proposal is not too different from the Sub-era proposal (the basic premise of both is that a dual subdivision of the Cenozoic is necessary).  Perhaps there is a hybrid of these that can be negotiated?
James Ogg
non-hierarchical unit or Sub-Era – These seem the best way to avoid a conflict with a basal-placement that is decoupled from established epochs/series or ages/stages.
John van Couvering 
Sub-Era -- but established according to procedures for GSSP

Phil Gibbard
Period -- Quaternary full System/Period - nothing else will do!
Frits Hilgen
Informal or Sub-Era -- I would either favour an informal solution or the sub-Era option as advocated in the Aubry et al. paper BUT then without a revival of the Tertiary.  I see the latter option as an acceptable compromise between the communities also because a Q/N boundary in my opinion does not exist. It also does justice to the special status of the Q being a (more or less) global chronostratigraphic unit for mainly shallow marine and continental deposits and the advantages above the sub-Period option of Pillans and Naish are clear as outlined in the Aubry et al. paper.  Personally, I consider a revival of the Tertiary unwelcome also because it would downgrade the special status of the Q.
Leszek Marks 
Period -- All other options seem to have a limited support and understanding. Any sub-interval brings only a mess to the stratigraphic chart and Quaternary MUST be a formal unit.
Jan Piotrowski 
Period

Nicholas Shackleton
Period – preferred.  [sub-Period or sub-Era are acceptable compromises.  The “non-hierarchical” option is not acceptable.]
****************************************

2.  Base of Quaternary


Should the base of the Quaternary -- which the Task Group has unanimously recommended to span the ~2.6 Ma interval of major climatic oscillations and North-Hemisphere glacial episodes –be assigned to:


(A)  The GSSP level of the base of the Gelasian Stage (~2.59 Ma; peak of “warm” MIS 103), which closely coincides with the Matuyama/Gauss magnetic polarity chron boundary.


(B)  The beginning of “cold” Marine Isotope Stage 110 (~2.73 Ma), which is a significant step in the magnification of the glacial-interglacial cycles that characterize Earth’s climate history to the present.

[Base of the Gelasian Stage = 6 votes; beginning of Marine Isotope Stage 110 = 2 votes]

Result: A clear majority (6 votes) favors a base for the Quaternary at the GSSP defining the base of the Gelasian Stage.

James Gehling
As Chair, he is refraining from official voting, except in the case of a tied vote. 
Brad Pillans
base of Gelasian
James Ogg
Marine Isotope Stage 110 – otherwise, we’ll be revisiting the same arguments when Quaternary geologists continue to use a “real Quaternary” of recognized North Hemisphere glacial episodes that begins before the chronostratigraphic unit.  Therefore, it is best that we define the Quaternary limits in the most practical way, even if this means decoupling from ratified epochs and stages.
John van Couvering 
Marine Isotope Stage 110 -- but established according to procedures for GSSP.

Phil Gibbard
base of Gelasian.
Frits Hilgen
base of Gelasian -- I don't think that decoupling the Q base from the Gelasian base (in case the 2.6 Ma case is preferred) would do any good. It would only demonstrate that climatostratigraphic criteria are (usually) not very suitable to define chronostratigraphic boundaries (why not select the cold glacials in the Mammoth reversed subchron or even older glacials).  So, in my opinion it is preferably to couple the Q base to the base at the Gelasian and Matuyama/Gauss boundary.
Leszek Marks 
base of Gelasian -- The other option (MIS 110 at 2.73 Ma) cannot receive enough support from Quaternary geologists
Jan Piotrowski 
base of Gelasian
Nicholas Shackleton
base of Gelasian -- I disagree with the introduction of Option B at this stage.

Quaternary Ballot #3


Geochronologic/chronostratigraphic Rank of the term Quaternary – Acceptable, and NOT acceptable.


[Ballots tabulated on 20 August, 2005]

Geochronlogic/chronostratigraphic Rank – What is Acceptable

The “Quaternary” could be given the following rank within the international chronostratigraphic scale (indicate the subset that is acceptable – or NOT acceptable).  Comments and qualifications are welcomed.

1.  Base at ~2.6 Ma (base-Gelasian GSSP)


(A)  A Period (system), with a basal boundary to the Neogene Period.



[option summarized by Gibbard et al, Boreas, 2005]


(B)  A sub-Era (sub-erathem) of the Cenozoic Era



[option summarized by Aubry et al, Episodes,  2005]


(C)  A non-hierarchical unit, but included on all graphics of international Cenozoic subdivisions.



[option with straw-version wording submitted by Ogg to Task Group]


(D)  A sub-Period (sub-system) of the Neogene Period.



[option summarized by Pillans & Naish, Quat. Sci. Rev., 2004]


(E)  A super-stage of the Cenozoic Era  



[a classification in the Stratigraphic Guide]

2. Base at ~1.8 Ma (base-Pleistocene GSSP)


(A)  A Period (system), with a basal boundary to the Neogene Period.


(B)  A sub-Era (sub-erathem) of the Cenozoic Era


(C)  A non-hierarchical unit, but included on all graphics of international Cenozoic subdivisions.


(D)  A sub-Period (sub-system) of the Neogene Period.


(E)  A super-stage of the Cenozoic Era  



[a classification in the Stratigraphic Guide]

Summary:


Only two options were acceptable to a majority of the members – Period (5.5 of 8) and Sub-Era (5 of 8), with base at ~2.6 Ma.  


However, either choice was considered unacceptable to a significant minority in the Task Group.

James Gehling
Away on field work during the voting, in which Brad Pillans, vice-chair, supervised the balloting.  His informal pre-ballot opinion is not included here. 
Brad Pillans
Acceptable:  Any formal definition with base at 2.6 Ma (=base Gealsian Stage).  In order of preference: Sub-Era, Sub-Period, "non-hierarchical", Period, Superstage.


Unacceptable:   Any definition with base at 1.8 Ma (=base Pleistocene)


Comment:  INQUA has the right to define the span of the Quaternary in a way that best represents the wishes of its members.  A span of ~2.6 myr (= base Gelasian Stage to present) is favoured by a clear majority, including the INQUA executive and the INQUA/ICS Task Group. The formal chronostratigraphic rank is a secondary issue to be decided by ICS in collaboration with INQUA.  The rank of Sub-Erathem allows the Quaternary to be independent of the definitions of Neogene and Pleistocene.

James Ogg
Acceptable:  2.6 Ma for Sub-Era, Non-Hierarchical, Sub-Period and Super-Stage (in descending order).  [A 2.6 Ma-base Period ranking is borderline acceptable, but would cause more rounds of debate (as evidenced by the past 20 years of discussion, rejection and indecision).]


Unacceptable:   1.8 Ma base of any option (past history, voting and INQUA’s stated views effectively rule out acceptance by Quaternary workers of any of these options).  

John van Couvering 
Acceptable:  Sub-Era, either 1.8 Ma or 2.6 Ma base.


Not acceptable:  Non-Hierarchical, Sub-Period or Super-Stage, with either 1.8 Ma or 2.6 Ma base.


Definitely unacceptable:  Period-ranking, with either 1.8 Ma or 2.6 Ma base.

Phil Gibbard
For the record and for the vote, the only acceptable solution to me and to thousands of Quaternary workers in general, and indeed to the INQUA Executive (as I understand it, but they can obviously speak for themselves) is that the Quaternary be defined as a FULL PERIOD, post-dating the Neogene or Tertiary (The ICS recognised this period status for Quaternary until the manoeuvrings of 2001-2, so why should it different now?), but with its base is at the Gelasian GSSP.  As I have repeatedly said, there is NO alternative, therefore all other options are unacceptible.

Frits Hilgen
Acceptable:  2.6Ma-base of Sub-Era (but without the Tertiary), Non-Hierarchiacal, or Sub-Period ranking.  Also, 1.8 Ma-base of a Sub-Era or Non-Hierarchical ranking.


Compromise:  1.8 Ma-base Period.  Note that I included 2A because I am not sure any more whether any change will actually be to the good and any compromise solution seems far off with the position taken by Gibbard.  2A seems to be a kind of status quo favoured by a number of stratigraphers that are not directly involved in the issue.


I am still waiting for response of the SNS members for their opinion about the "extension" of the Neogene so this is my preference. 

Leszek Marks 
To be short I have not changed my mind and the only acceptable option is Base at ~2.6 Ma (base-Gelasian GSSP) -- A Period (system), with a basal boundary to the Neogene Period.

Jan Piotrowski 
Option 1 (A) [Period, base at 2.6 Ma] acceptable.  All other options not acceptable.


I have no further comments; all has already been said.

Nicholas Shackleton
Many wise “outsiders” have pressed the argument that if any of the options under 2 [1.8 Ma base] were agreed, ICS would have the Quaternary community on their back for the next decade to change it; therefore any option under 1 [2.6 Ma base] is preferable to any option under 2  [Excerpt from letter to Maria Bianca Cita:  “The business of re-instating the Quaternary should have been dealt with on its own which would have had the consequence of putting its base at the base of the Pleistocene.  Proposing to reinstate the Quaternary and at the same time insisting that the base should be at the base of the Gelasian necessarily led us to vote between a series of alternatives all of which are unsatisfactory.”]

Quaternary Ballot #3 Cover Letter to Task Group – why a third ballot was needed:
From Brad Pillans (some extraneous remarks were deleted):

Thanks Jim,

I agree with all your sentiments.  Yes, I think another vote on Acceptable Options is probably necessary to clarify the taskforce position.  A rewording of your text below would probably do the trick, including that The Guide is just that, a guide.

Could you email the rest of the task group?  Draw their attention to the implication of defining the Q with base at 1.8 Ma.  Namely that the Vrica GSSP would be essentially re-affirmed in 2008 as base-Quaternary, and that the boundary would be "hands off" for another 10 years after that. 

Therefore, I would be happier with the non-hierarchical definition (with base 2.6 Ma) than the Period with base 1.8 Ma.  If we define the Q by the Gelasian GSSP, we are effectively formalising its definition as a chronostrat unit, aren't we?  I still like the Sub-Era idea best, but could live with any definition that uses 2.6 Ma.

By the way, at the Beringia Centre here in Whitehorse (an educational facility with displays of Pleistocene fossils and stuff), they have a geological timescale wallchart (printed in 2000 - sorry I did not write down the publication details) showing the base Q at the Gelasian GSSP (!), with the Tertiary below, in a column between Cenozoic Era and Neogene/Paleogene periods.  Base Pleistocene was still shown at 1.8 Ma.  I chuckled....

Brad

*****************************************************

Dear Brad  (some extraneous remarks were deleted):
In the first round, no one favored the 1.8 Ma base which had the implication of setting the base-Quaternary to be the Pleistocene-GSSP.  Maybe you can check is this was your impression at the time, and respond to the group.  One question which we didn't explicitly ask is how many people accept (not necessary favor, but accept) an official Quaternary as a Period that begins at 1.8 Ma, synchronous with Pleistocene.

 I recommend that we take a last vote of the Task Group (and this was left open in the original voting plan submitted back in early May) -- a "what IS acceptable, realizing implications" set – 

    Choices #1 and #2 = the 2 main choices under 2.6 of Sub-era and Period, 

        #3 the non-hierarchical 2.6 Ma, but formally defined 

        #4 the 1.8 Ma Period (with implications clearly indicated)

       #5 and #6 could be a “super-stage” of either 1.8 or 2.6 Ma base (a formal chronostratigraphic term in the Stratigraphic Guide with no indicated prohibition that it can not cross period or epoch boundaries).  

     Each person could check-mark as many choices as they wish -- it is mainly a poll of What is NOT acceptable to guide any discussions within ICS.  Perhaps task group members could even rank them.  At this point, we have NO Task Group authorization for indicating that a Period beginning at 1.8 Ma is acceptable under any situation.

    One must keep in mind that the Stratigraphic Guide was deliberately called a "guide" because it was meant to be flexible and not be "the rules" (it has a very good opening preface on this philosophy).  This is sometimes forgotten.  It has been quite difficult to alter the Guide – requests by different groups for changing the “Age” nomenclature for the chronostratigraphic equivalent of Stage have consistently been ignores.

    The implications of choices should be made clear.  

    A proposal to instate a Quaternary Period with base at 1.8 Ma will implicitly re-affirm that Vrica GSSP, and everyone should withhold any attempts to reconsider that definition for at least another ten years (assuming ratification at the Geological Congress in 2008).  Also, this official Quaternary definition would need to be imposed on all other groups who are utilizing an earlier beginning in geologic mapping, published scales, etc.  All earlier glacial intervals would become officially "pre-Quaternary" glaciations and "pre-Quaternary" loess (etc.).  Essentially, the Quaternary would become officially decoupled from the implied coincidence with the Ice Ages -- INQUA would need to agree to this.

    Period options (either):  Felix Gradstein asked me to relay the following “Maybe you can point out that a Q Period issue would also need:  1. A task force under ICS on the status of Neogene.  2. A formal vote of the Neogene Sc.  3. A formal vote of ICS”.

     Abandoning the sub-era option would also imply that any usage of “Tertiary” would be forever abandoned.  

     With the flood of mails about 2.6 Ma being the desired onset of Quaternary concept, then one is reminded of Remane's 1998 lament to IUGS that “Despite the clear result of the vote, its acceptance by Quaternary stratigraphers remains uncertain.  In some cases, the existing (Pleistocene) boundary was simply ignored and the base of the Quaternary placed at 2.5 Ma.”  I am afraid that Quaternary workers will essentially blame ICS for insisting that a 1.8 Ma cooling event in the Mediterranean (definition of Pleistocene, following the London IGC guidelines) must be the beginning of the global Quaternary.  This long-standing disagreement is one reason why the Quaternary was never assigned in base-Pleistocene GSSP documents and we are having this Task Group today.  Also, I'd prefer to avoid another resurgence in another five or ten years over the same topic of “the proper boundary” of the Quaternary.  Let us solve it now, in manner acceptable to Quaternary workers.

     -- Jim

�   Note:  To minimize confusion, the term “stage” will be used both as the chronostratigraphic unit and to refer to its geochronologic equivalent of “age” in some portions of the following discussions where numerical ages are also being discussed.  This dual usage for “stage” follows recommendations by Harland et al., 1982, 1989; Gradstein et al., 2004; and some other authors in order to liberate “age” for general use.





