
















































































































































































































































































Orlo E. Childs

certain systems, Generalization within limits of usefulness
was required. The identification and assignment of recog-
nized stratigraphic units to a particular time span in the
chronostratigraphic chart was the primary requirement of
chart construction. It was critical that the time assignment
be the core of the project effort.

In some regions, the recognition of stratigraphic units
within the rank of “group” was all that could be done, but
in other areas, formations and members could be
recorded. Rarely were marker beds or horizons necessary
in reaching the usefulness desired. Yet, when a contributor
judged that the identification of certain formal members
was necessary, every effort was made to accommodate
those judgments.

Once the compiler had drawn rough draft columns for
the chart, an elaborate system of cross-checking and
reviewing was employed. The coordinators usually sent
copies of the draft to other workers of the region to ensure
a compatibility of columns within the region. In addition,
the review by system experts was sought by the coordina-
tors. By the time charts had been drawn involving over 600
stratigraphic columns, the magnitude of the project posed
a problem for national review by stratigraphic experts. To
solve this problem, in the 5th year of the project, impor-
tant regional and national technical meetings were used as
the site for review by the geologic public. The meetings
were selected to provide exposure of the work within
appropriate areas covered by the charts.

The fifth year of the project was essentially a review
year. In October 1980, the meetings of both the Eastern
Section of AAPG in Evansville, Indiana, and the Gulf
Coast Section of AAPG in Lafayette, Louisiana, were the
sites of rough-draft column exhibits. At the GSA national
convention in Atlanta, Georgia, in November 1980, strati-
graphic columns representing operating regions east of the
Miississippi River were shown. In April 1981, at the South-
west Section of AAPG in San Angelo, Texas, and at the
Rocky Mountain Section of AAPG in Albuquerque, New
Mexico, columns from the regions of the Rocky Moun-
tains and Mid-Continent were exhibited for review. In
May 1981, at the AAPG national convention in San Fran-
cisco, columns from the operating regions west of the Mis-
sissippi were exhibited on a 100-ft long wall space. During
this series of exhibits, hundreds of geologists inspected the
‘rough-draft charts. These exhibits attracted much atten-
tion, and helpful suggestions (corrections and additions)
were provided by those interested.

This valuable critique reviewed the use of stratigraphic
nomenclature, the placement of stratigraphic units within
the time frame of the chart, and the judgments of strati-
graphic rank. Besides the importance of testing the accept-
ance of the work, the plan of exhibit accelerated the
completion of columns and data sheets in preparation for
final drafting. Deadlines are great catalysts.

Despite the elaborate nature of this review plan, not all
interested geologists received an opportunity for review
and contribution. Prior to publication, it is difficult for a
project of this scope to achieve adequate national review
within acceptable time limits, It is interesting to note that
last-minute corrections occurred virtually up to the date of
completion of some final drafts.
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ASSEMBLY OF CHARTS

Standardization of Chart Conventions °

It is easy to confuse the objective of constructing strati-
graphic cross sections with the time designation of strati-
graphic units, in which correlation of those units is the
primary objective. The desire to show lateral lithologic
changes and documentation of environmental controls of
deposition is a constant temptation. Particularly, this is
true when one is attempting to add the additional informa-
tion of dominant lithology, thickness, and unconformable
relationships (as was accomplished by the Canadian
charts). This additional information too was to be a guid-
ing feature of the COSUNA charts; but the variable verti-
cal scale of the charts, and the fact that some columns may
represent strata separated by 200 mi (320 km), mitigated
against anything except traditional time-controlled place-
ment of units in the stratigraphic columns.

A special effort was made to simplify and standardize
the conventions used on the charts. The conventions
adopted are consistent on all the charts. Explanatory notes
on the charts identify the fact that structural relationships
are not depicted. As an example, igneous intrusions are
shown opposite the age of the rock itself, and relationship
to the host rock is not indicated.

On the Canadian charts, the ages of orogenies were
identified. No such effort was made in the COSUNA
charts, so no tectonic implications are intended. Time-
rock implications are the primary objective of the charts,
and the standardization of conventions is aimed at that
concept.

Because time designation is the basic feature of all the
charts, the selection of a chronostratigraphic chart for all
potential users was of paramount importance. Early in the
project, Amos Salvador provided a chronostratigraphic
chart somewhat different from those scales used in the
Canadian charts. The COSUNA scale was the result of
recent decisions made by international stratigraphic sub-
commissions. At least five revisions of the chronostrati-
graphic chart were made during the project; the final form
was the November 1981 revision. This revision is the chart
that appears on each of the COSUNA sheets. A review of
the procedures involved in preparing the COSUNA
chronostratigraphic chart was prepared by Amos Salva-
dor (1985) as a separate article.

Chart Boundaries

Once the 600 planned columns of the project had been
constructed, it became obvious that many of the columns
showed a duplication of information. Hence, many
columns were deleted, Limitations of printing-press size
(40 x 50in. or 102 x 127 cm) and the design of the final
charts resulted in only 30 to 36 columns being readily
duplicated on a sheet. Also, geologic affinities between
some of the working regions required consolidating neigh-
boring provinces into a single chart. There were exceptions
to this, however; the Appalachian chart needed two sheets
to show the columns of a single province. Also, the diver-
sity of information in California required three sheets to
show all the necessary columns. The Alaska columns
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Figure 1—Index map of COSUNA charts, showing geologic provinces. Inset at lower left shows Alaska region.
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could best be shown with a minimum of two sheets. These
three regions are the only multiple sheet charts of the pro-
ject; all other charts are shown on a single sheet.

Location of each of the final 570 columns are numbered
within the selected chart boundaries shown on Figure 1, an
index map of all the charts of the project.

Data Sheet Preparation

Preparation of data sheets representing each of the lith-
ologic units of the geologic columns of the charts was one
of the most tedious efforts of the project; yet it was of vital
importance to the usefulness of the correlation charts.
Because very little space is allocated to meaningful annota-
tions on the charts themselves, and to recover the rationale
behind the construction of the stratigraphic columns, the
data sheets represent the major contribution of recording
the geologic knowledge behind chart construction.

These data sheets contain a large amount of reference
material and lexicon-type data necessary to document the
work exhibited in the charts. Because the information
recorded on the data sheets is available by computer recov-
ery, this portion of the project provides opportunity for
future revision and addition to the record of correlation
exhibited on the COSUNA charts. The data sheets have
been carefully cross-checked against the representations
on the charts themselves. Once the charts have been
printed, they cannot be changed without major revision
and reprinting. However, the information presented on
the charts can be changed readily be revision of the data as
it appears in the codified computer programs. Thus, the
opportunity for revision and change of the decisions of
correlations represented in this project still exists. It may
not be necessary to wait for another 20-year cycle before
major changes in our understanding of geologic correla-
tion can be made available to the geologic community.
This potential for future revision may represent one of the
principal contributions of the COSUNA project to ever-
expanding geologic knowledge.

Correlation of Stratigraphic Units of North America
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Chronostratigraphic and Geochronometric Scales in COSUNA
Stratigraphic Correlation Charts of the United States'

AMOS SALVADOR’

INTRODUCTION

During 1976, the American Association of Petroleum
Geologists undertook the ambitious task of preparing a
new set of stratigraphic correlation charts for the United
States. The project named “Correlation of Stratigraphic
Units of North America,” or COSUNA for short, was as
needed as it was ambitious, The last comprehensive set of
stratigraphic correlation charts had been published by the
Geological Society of America between 1942 and 1960.
The charts were in urgent need of revision.

Orlo E. Childs accepted the post of project director, and
a Steering Commiittee was created that included represent-
atives from the American Association of Petroleum Geol-
ogists, Association of American State Geologists, U.S.
Geological Survey, American Association of Stratigraphic
Palynologists, North American Commission on Strati-
graphic Nomenclature, JOIDES Planning Committee,
Geological Society of America, and Society of Economic
Paleontologists and Mineralogists. Grant Steele served as
chairman of the Steering Committee for the entire life of
the project. To advise the project director on technical
matters, a Stratigraphic Technical Committee also was
established.

The United States was divided into appropriate geologic
provinces, and regional coordinators were appointed to
direct the construction of stratigraphic correlation charts
for each province. The coordinators, in turn, selected
knowledgeable stratigraphers to assist them in assembling
the charts. In total, over 450 volunteer workers have
labored for nearly 7 years in the COSUNA project. Six
charts are now printed and on sale (AAPG, 1983a, b, ¢,
1984a, b, ¢), and 13 more will soon be available.

To make the COSUNA stratigraphic correlation charts
more useful, all charts include a common reference
chronostratigraphic scale and a common geochronomet-
ric (numerical time) scale in millions of years. This makes
possible the comparison not only between the strati-
graphic units of the various geologic provinces of the
United States, but also between the American units and
those of other parts of the world. The task of preparing the
chronostratigraphic and geochronometric scales was
assigned to the Stratigraphic Technical Committee com-
posed of Amos Salvador (chairman), Timothy A, Ander-
son, and Raymond D, Woods.

©Copyright 1985. The American Association of Petroleum Geologists. All
rights reserved.
1Manuscript received, February 24, 1984, accepted, June 26, 1984.
Department of Geological Sciences, University of Texas at Austin, Austin,
Texas 78713,

The chronostratigraphic and geochronometric scales
for the Paleozoic, Mesozoic, and Cenozoic used in the
COSUNA stratigraphic correlation charts are shown on
Figures 1-3. The numerical time scale is linear for all three,
but a different spacing has been used for each. In the
COSUNA stratigraphic correlation charts, it was not pos-
sible to use linear numerical time scales. For each chart, it
was necessary to use a flexible vertical spacing to fit best
the stratigraphy of the area and to make the charts most
legible. Part of the reference vertical scales needed to be
expanded while others needed to be compressed.

CHRONOSTRATIGRAPHIC SCALES

To provide the desired capability for international cor-
relation, the reference chronostratigraphic scale of the
COSUNA stratigraphic correlation charts is composed of
chronostratigraphic terms (erathems, systems, series, and
stages) recognized and used in most parts of the world; in
other words, it attempts to be a “Standard Global
Chronostratigraphic Scale.” In addition, the charts also
include scales of the local chronostratigraphic units most
commonly used in the United States. This framework of
reference chronostratigraphic scales makes the COSUNA
charts useful not only to North American stratigraphers
but also to geologists in others parts of the world who want
to relate their local stratigraphy to that of the United
States.

Preparation of a “Standard Global Chronostrati-
graphic Scale” was not easy. Whereas few problems were
encountered in selecting the terms to be used for systems
and units of higher rank, there were many conflicts con-
cerning the terms to be selected for series and stages. Good
accord exists concerning the chronostratigraphic termi-
nology of the Triassic, Jurassic, and Cretaceous Systems,
probably because it is based on the precise biostratigraphic
zonation provided by ammonites; but agreement fades
rapidly when moving downward and upward in the strati-
graphic section, Discrepancies become most acute in the
lowest Paleozoic and in the uppermost Tertiary and the
Quaternary.

In compiling the Global Chronostratigraphic Scale for
the COSUNA stratigraphic correlation charts, invaluable
advice was received from the chairmen and/or secretaries
of the subcommissions of the IUGS (International Union
of Geological Sciences) International Commission on
Stratigraphy dealing with each of the systems of the strati-
graphic section, Other stratigraphers particularly knowl-
edgeable on specific matters of chronostratigraphic
classification were also consulted. Each contributor was
asked to recommend the preferred series and stage terms
that he or she believed are or could become recognized
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Figure 1—Chronostratigraphic and geochronometric scales for the Paleozoic.
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Figure 2—Chronostratigraphic and geochronometric scales for the Mesozoic.

worldwide as standard. Response was prompt and
informative. The assistance of the following colleagues is
sincerely appreciated: Precambrian: Jack E, Harrison,
Harold L. James, and Paul K. Sims; Cambrian: J. W.
Cowie, A. R. Palmer, and R. A. Robison; Ordovician: S.
M. Bergstrom and R. J. Ross, Jr.; Silurian: C. H. Hol-
land; Devonian: W, Ziegler; Carboniferous: C. F. Winkler
Prins and G. L. Wilde; Permian: B. F. Glenister, S. V.
Meyen, and G. L. Wilde; Triassic: N. J. Silberling and C.
Virgili; Jurassic: N, F. Hughes and A. Zeiss; Cretaceous:

T. Birkelund and E Surlyk; Paleogene: W. A, Berggren
and C. Pomerol; Neogene: M. B. Cita and J. Senes; Qua-
ternary: R. P. Suggate.

The North American chronostratigraphic scales were
not any easier to construct. Disagreements exist concern-
ing not only the choice of terms but also about the correla-
tion between units in different geologic provinces of the
United States and between the North American units and
those of the Global Chronostratigraphic Scale. Here
again, COSUNA’s Stratigraphic Technical Committee
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Figure 3—Chronostratigraphic and geochronometric scales for the Cenozoic.
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received invaluable help from many stratigraphers, all rec-
ognized authorities in the diverse problems of North
American and worldwide chronostratigraphic correlation.
Nevertheless, the Stratigraphic Technical Committee
assumes sole responsibility for the final decisions made in
the preparation of both the global and the North Ameri-
can chronostratigraphic scales.

Although proved usefulness and accepted usage were
the main criteria for the selection of the units used in the
chronostratigraphic scales of the COSUNA charts, the
final choice does not represent a general consensus. Many
problems and irreconcilable differences of opinion still
remain concerning the name, rank, and boundaries of
units and the equivalence between local North American
chronostratigraphic units and those of the Global
Chronostratigraphic Scale.

To avoid some of the differences of opinion concerning
the rank of some of the chronostratigraphic units included
in the scales—some authors regard certain units as series
whereas others consider them stages-—series and stage
names have been shown in a common column. It is hoped
that action by international bodies, such as the Interna-
tional Commission on Stratigraphy, will eventually resolve
some of these disagreements.

Many of the problems encountered in preparing the
chronostratigraphic scales for the COSUNA stratigraphic
correlation charts stem from the use of different sets of
local chronostratigraphic units in different parts of the
world. Many of these local chronostratigraphic units,
based for the most part on equally local lithostratigraphic
units, are poorly defined, their boundaries are vague, and
their projection beyond the area of occurrence of the litho-
stratigraphic unit on which they are based is often contro-
versial at best.

The ultimate answer to these problems undoubtedly lies
in accepting and using everywhere in the world one single
chronostratigraphic reference scale, a “Standard Global
Chronostratigraphic Scale.” First, of course, the units of
such a standard scale and their boundaries need to be
properly defined, “stratotyped,” and accepted by most of
the world’s stratigraphers. This process is being carried out
for the higher rank units by working groups of the Interna-
tional Commission on Stratigraphy, but it still remains a
distant objective for units of lower rank.

The use of local schemes of chronostratigraphic classifi-
cation cannot, therefore, be condemned although it may
be discouraged when it is possible to refer the local strati-
graphic sections to the “Standard Global Chronostrati-
graphic Scale.” In the years to come, when such a standard
scale has been better defined and more generally accepted,
local chronostratigraphic scales may be eliminated from
future stratigraphic correlation charts. It is a worthy
objective for the future, but one that cannot yet be
achieved.

For these reasons, COSUNA’s Stratigraphic Technical
Committee encouraged- the regional coordinators to
include local North American chronostratigraphic scales
in the charts, but only when they could contribute to
improve the clarity and usefulness of the charts, not just
for the sake of completeness or historical interest. Use of
local chronostratigraphic scales should, in any case, be

kept to a minimum—used only when necessary and useful,
and when well defined and generally accepted.

The system of Paleozoic chronostratigraphic units in
common use in the United States has been included in all
those charts to which it applies. Until the American Paleo-
zoic sections can be referred with considerable certainty to
the “Standard Global Chronostratigraphic Scale,” the
local terms should be retained. To discard them at this time
would only cause confusion.

Other local North American chronostratigraphic units
have also been used, but only in those areas where such
units are now commonly accepted. Examples of such local
units are the Tertiary stages of California and other
Pacific areas, the stages based on mammalian faunas in
regions of nonmarine Tertiary sequences, and the North
American Pleistocene glacial stages. The decision to
include in certain charts these or other local North Ameri-
can chronostratigraphic units and the selection of their ter-
minology was the joint responsibility of the regional
coordinators and the Stratigraphic Technical Committee.

On the other hand, the Stratigraphic Technical Com-
mittee felt that no useful purpose could be served by
including in the COSUNA charts the multitude of seldom-
used Mesozoic and Cenozoic chronostratigraphic terms
introduced in different parts of the United States when
clear reference can better be made to the generally recog-
nized units of the “Standard Global Chronostratigraphic
Scale.”

Some of the choices of chronostratigraphic terminology
used in the COSUNA stratigraphic correlation charts need
explanation.

Cambrian

No international agreement exists at this time concern-
ing the subdivision of the Cambrian System. A three-part
subdivision is generally favored, but the location of the
boundaries and the selection of lower rank units are still
under consideration. For these reasons, the COSUNA
charts show only the subdivision of the Cambrian into
three series—Lower, Middle, and Upper—but their
boundaries are represented by dashed lines to indicate the
uncertainty concerning their placement. The North Amer-
ican chronostratigraphic classification of the Cambrian is
equally unsettled. Agreement exists only about the recog-
nition of the Dresbachian, Franconian, and Trem-
pealeauan in the upper part of the section. The base of the
Dresbachian, however, does not seem to correspond with
the base of the Upper Cambrian.

Ordovician

A tripartite partition of the Ordovician System has been
shown in the COSUNA stratigraphic scales even though
there is no international agreement concerning this subdi-
vision of the Ordovician. For this reason, the boundaries
between Lower, Middle, and Upper Ordovician have been
shown as dashed lines.

The North American chronostratigraphic scale for the
Ordovician is now unsettled, and future stratigraphic cor-
relation charts may show appreciable changes. The
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COSUNA regional coordinators generally agreed, how-
ever, on elimination of the term “Trentonian.” It has been
replaced, in ascending order, by Rocklandian, Kirkfield-
ian, and Shermanian, even though this may prove to be
only a temporary solution.

Carboniferous

The construction of a reference chronostratigraphic
scale for the Carboniferous proved to be particularly diffi-
cult. The three areas in the world where the Carboniferous
has been studied in greatest detail are western Europe, the
United States, and the USSR, and different terminologies
have been used in each area. The lower part of the Carbon-
iferous has been assigned, both in western Europe and in
the USSR, to the Tournaisian and Visean (as series by
some and as stages by others), but the remaining part of
the system has been named differently in western Europe
and in the USSR because correlation is not certain between
the predominantly nonmarine section of western Europe
and the richly fossiliferous marine sequence in the USSR,
At first sight, it may appear preferable to use the more
marine sequence in the USSR as the reference scale for the
upper part of the Carboniferous, but the western Euro-
pean terminology—Namurian, Westphalian, and Stepha-
nian, in ascending order—is in such common use in the
literature that until a standard chronostratigraphic termi-
nology is internationally accepted for the Carboniferous,
it is more useful and realistic to include in the COSUNA
charts both the western European and the Russian scales.
The term “Namurian” has been shown in quotes because
it has not been properly defined and has consequently
been used over the years with a variety of meanings.

The correspondence between the Russian, western
European, and North American terminologies for the
Carboniferous is by no means well established. The corre-
lations shown in the COSUNA charts are those favored at
the present time, but they probably will be subject to con-
siderable revision in future years.

Cretaceous

Following the recommendation of the Subcommission
on Cretaceous Stratigraphy, the terms “Neocomian” and
“Senonian” have not been shown in the COSUNA charts.
Those terms have never been properly defined, have been
used in different contexts, and preferably should only be
used in an informal way to convey a general idea of the age
of certain stratigraphic sequences.

Pliocene-Pleistocene Boundary

The selection of a stratotype for the Pliocene-Pleisto-
cene boundary and the numerical age for this boundary
has been, and continues to be, the subject of controversy.
Depending on where the boundary is placed, estimates of
its geochronometric age range from 1.7 to 2.8 Ma. It
appears that the Working Group on the Pliocene-Pleisto-
cene Boundary of the International Commission on Stra-
tigraphy will soon recommend the designation of a
stratotype for this boundary at Vrica, in Calabria, south-
ern Italy, within a marine fossiliferous section representing
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essentially continuous deposition. After this is done, it is
hoped that biostratigraphic and magnetic-polarity studies,
as well as isotopic dating, will result in a better estimate of
the numerical age of the Pliocene-Pleistocene boundary.
Meanwhile, the COSUNA stratigraphic correlation charts
indicate the existing disagreement by showing the age of
this boundary as ranging between 1.7 and 2.8 Ma.

Pleistocene

At this time, great disagreement exists concerning the
subdivisions of the Pleistocene, because, among other rea-
sons, careful recent studies have clearly indicated that
important gaps and overlaps occur between the tradition-
ally recognized Pleistocene “stages” in both the marine
and nonmarine sequences. The decision was made, there-
fore, not to show in the COSUNA charts any subdivisions
for the Pleistocene.

GEOCHRONOMETRIC (NUMERICAL TIME) SCALE

The first attempts to prepare a geochronometric scale
for the COSUNA stratigraphic correlation charts were
based mainly on the 1964 and 1971 publications of the
Geological Society of London on the Phanerozoic time
scale (Harland et al, 1964; Evans, 1971; Harland and
Francis, 1971), and on the Geotectonic Correlation Charts
published in 1970 by the Geological Survey of Canada
(Douglas, 1970). Useful information was also drawn from
the two papers by van Hinte (1976a, b) on the Jurassic and
Cretaceous time scales and from the excellent papers pre-
sented at the Geological Time Scale Symposium of the
25th International Geological Congress (Sydney, Austra-
lia, August 1976) and published as AAPG Studies in Geol-
ogy 6 (Cohee et al, 1978).

In subsequent years, the initial geochronometric scale
was modified on the basis of the increasing number of
papers published on geochronometry and following the
advice of the chairmen and secretaries of the subcommis-
sions of the International Commission on Stratigraphy.
Some of the dates are based on factual and reliable data;
others on the very dubious method of linear extrapolation.
Particularly valuable in the construction of the geochro-
nometric scale was the counsel of Norman J. Snelling,
chairman of the Subcommission on Geochronology. His
recommendations were based on the latest determinations
of decay constants and the newest isotopic age findings
and contributed greatly to the updating of the geochrono-
metric scale.

For the sake of graphic simplification, the range of
accuracy of the geochronometric dates was not shown in
the charts. This may be a weakness. Uncertainty, however,
is difficult to quantify with confidence.

With the exception of the younger Tertiary and the Qua-
ternary, all geochronometric dates have been rounded to
the nearest one million years. For example, 25 Ma was
used for the close of the Oligocene instead of 24.65 Ma; 67
Ma for the Cretaceous-Tertiary boundary instead of 66.7;
etc. The degree of precision of the geochronometric deter-
minations justifies this rounding.
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OTHER REFERENCE SCALES

In the construction of the COSUNA charts, regional
coordinators were encouraged to include, in addition to
the reference chronostratigraphic and geochronometric
scales already discussed, any other yardstick of geologic
time or scales of reference that would serve to improve the
clarity and usefulness of the charts: magnetic-polarity
scale, biostratigraphic zonations (faunal or floral zones),
etc. Biostratigraphic zonations, for instance, may be par-
ticularly desirable in certain areas or in certain strati-
graphic intervals where controversies still exist concerning
the age of certain lithostratigraphic units or concerning
the terminology or boundaries of the chronostratigraphic
units. Ammonite zones, the Upper Cretaceous and Ter-
tiary planktonic foraminiferal zones, or the Carbonifer-
ous-Permian fusulinid zones—all in wide use throughout
much of the world—are good examples of biostrati-
graphic zonal schemes useful in long-distance chronostra-
tigraphic correlation. The regional coordinators were
discouraged, however, from including in the charts addi-
tional reference scales when they did not contribute to
appreciably improve the clarity and usefulness of the
charts.

THE PRECAMBRIAN

Because a well-defined global chronostratigraphic sub-
division of the Precambrian has not yet been accepted
internationally, the COSUNA stratigraphic correlation
charts do not show a chronostratigraphic subdivision of
this earliest and longest segment of the stratigraphic
record. The Precambrian, following the recommenda-
tions of Harrison and Peterman (1980, 1982) has been
subdivided into only two units (Archean and Proterozoic)
with their boundary at 2,500 Ma. As defined by Harrison
and Peterman, the Archean and Proterozoic are not
chronostratigraphic units but geochronometric units—
direct subdivisions of geologic time without correspond-
ing rock sequences to which they may be referred. They
are established, and rocks are assigned to them, on the
basis of any method that permits numerical dating, princi-
pally isotopic age determinations.

In considering the Archean and Proterozoic as eras
rather than as eons—an alternative considered by Harri-
son and Peterman (1980)—the COSUNA scale differs
from that recommended by Harrison and Peterman
(1980, 1982). It also differs in not subdividing further
these units into “Early,” “Middle,” and “Late” as they
suggested. The Precambrian may be considered an eon/
eonothem (corresponding in rank to the Phanerozoic
Eon/Eonothem) or, as favored by Harrison and Peterman
(1982), it may be simply “regarded as a general term for
that part of geologic time that preceded the Cambrian.”

The subdivision of the Precambrian used in the
COSUNA charts is, of course, temporary. It is to be hoped
that it will some day be replaced by an appropriate chrono-
stratigraphic scale if such a scale is proposed and becomes
internationally accepted.
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RECENT LITERATURE ON CHRONOSTRATIGRAPHIC
AND GEOCHRONOMETRIC SCALES

In preparing the COSUNA charts for publication, a
deadline date was established, after which no more revi-
sions to the charts were allowed. This was particularly dif-
ficult to do in the case of the geochronometric (numerical
time) scale because new and excellent papers were appear-
ing in the literature with great regularity. In mid-1982, as
the first charts went into final drafting, revisions to the
chronostratigraphic and geochronometric scales had to be
stopped. Though unavoidable, it was unfortunate because
late in 1982 two significant additions to the literature on
chronostratigraphic terminology and geochronometry
were published: G. S. Odin’s two-volume Numerical Dat-
ing in Stratigraphy (and a short paper by the same author
in Episodes), and the informative “A geologic time scale”
by W. B. Harland et al. Nor was it possible to take advan-
tage of the results of a symposium sponsored jointly by the
Geological Society of London and the IUGS Subcommis-
sion on Geochronology entitled “Chronology of the Geo-
logical Record,” which took place in London on May 11,
1982 (Snelling, 1982), or of the geological time scale pre-
pared by the Geological Society of America (GSA) for its
centennial program, the “Decade of North American
Geology” (Palmer, 1983). Like many scientific docu-
ments, the COSUNA stratigraphic correlation charts are
condemned to being out of date as soon as they are pub-
lished.

Fortunately, the discrepancies between the COSUNA
chronostratigraphic and geochronometric scales and those
of Odin, Harland et al, and the GSA are not significant.

It needs to be stated that whereas Harland et al and the
GSA use units of geologic time (i.e., geochronologic units:
periods, epochs, ages) in their geologic time scales, the
COSUNA stratigraphic correlation charts use the corres-
ponding chronostratigraphic units (systems, series, and
stages). Because the COSUNA charts are concerned with
the correlation of rock units, it is appropriate to refer them
to a chronostratigraphic, not a geochronologic, scale. The
scales of Harland et al and of the GSA are time scales; the
COSUNA scales serve as reference for lithostratigraphic
units (units of rock). The discrepancy, however, is not
important; the terminology of the two kinds of strati-
graphic units is the same (e.g., Cretaceous Period and Cre-
taceous System).

The differences in the chronostratigraphic and geochro-
nologic classification and terminology between the vari-
ous scales are, for the most part, minor: differences in
spelling of some terms, the use by Harland et al of “Lias,”
“Dogger,” and “Malm” in the Jurassic, and of “Neoco-
mian” and “Senonian” in the Cretaceous, and the use of
“Neocomian” by the GSA—terms which were not used in
the COSUNA chronostratigraphic scales for reasons dis-
cussed above. Harland et al and Odin use a more detailed
breakdown of some of the systems than that shown in the
COSUNA and GSA scales. Only in four cases do the
COSUNA chronostratigraphic scales show more impor-
tant differences with the scales of Harland et al, Odin, or
the GSA. (1) The GSA scale does not include the Rhaetian
as the uppermost stage of the Triassic, whereas the others
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Table 1. Comparison of Geochronometric Scales

Millions of Years Before Present (Ma)

Harland et al Odin GSA
COSUNA (1982) (1982a, b) (Palmer, 1983)
Holocene
" 001 ——m— 0.01 0.01
Pleistocene 17.2.8 20 Lé
Pliocene ) ; 3 5'1 '
Miocene ) ' 53
- 25 —_— 24.6 23 — 23.7
Oligocene
38 —— 38.0 34 _ 36.6
Eocene 55 54.9 53 57.8
Paleocene ) )
67 —_— 65 65 —_— 66.4
Late
Cretaceous 100 ——— 975 95  ——— 915
Early
140 _— 144 130 _ 144
Late 160 163 150 163
Jurassic Middle
180 —_— 188 181 —_— 187
Early
— 200 —— 213 204 —_— 208
Triassic
: 250 —— 248 245 —_— 245
Permian
5 — 290 —_— 286 290 —_— 286
Carboniferousw 330 _— 320 320
Mississippian
- 365 —_— 360 360 — 360
Devonian
. 405 —— 408 400 — 408
Silurian
— 425 — 438 418 —_— 438
Ordovician '
- 500 —_— 505 495 —_— 505
Cambrian
- 570 — 590 530 —_— 570
Proterozoic 2500 2500 2500
Archean

do. (2) Both the GSA and Harland et al subdivide the
Upper Permian, from bottom to top, into the Ufimian,
Kazanian, and Tatarian Stages, and place the Kungurian
Stage in the Lower Permian, whereas the COSUNA scale
places the Kungurian in the Upper Permian and does not
recognize the Ufimian Stage. Odin does not recognize the
Ufimian either, (3) The GSA subdivides the Paleocene,
from bottom to top, into Danian, an unnamed stage, and
Thanetian, and they group the last two into a Selandian
Stage, whereas COSUNA, Odin, and Harland et al recog-
nize only two stages in the Paleocene: the Danian below
and the Thanetian above, (4) Harland et al have avoided,
whenever possible, the use of “early,” “middle,” and
“late” for subdivisions of the periods, because these terms
“have often been used in different senses and are also lia-
ble to confusion with the informal usage” of the same
terms. Odin seems to have followed a similar course. Even
though Harland et al have a valid point, it may be a long
time before the terms “early,” “middle,” and “late” (or
“lower,” “middle,” and “upper”) can be replaced by more
appropriate terms of geographic derivation.

The lack of significant differences in the terminology
used in the chronostratigraphic/geochronologic scales of
the COSUNA charts and in those of Harland et al, Odin,
and the GSA is most encouraging. This gives reason to
hope that in the foreseeable future international agree-
ment may be reached in recognizing a single chronostrati-
graphic scale of reference—a ‘“Standard Global
Chronostratigraphic/Geochronologic Scale.” Such an
internationally accepted standard scale will have to be
periodically revised as new results from many geologic
fields become available, but there is further reason to hope
that these revisions will become decreasingly important.
The acceptance of a ‘“Standard Global Chrono-
stratigraphic/Geochronologic Scale” will favor the aban-
donment of many of the local scales in use today and fos-
ter easier and more effective communication among all
stratigraphers.

As in the case of the chronostratigraphic/geochron-
ologic scales, the geochronometric scale of the COSUNA
charts does not differ significantly from those of Harland
et al (1982), Odin (19822, b), or the GSA (Palmer, 1983),
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or apparently from those favored at the London sympo-
sium on “Chronology of the Geological Record” (see
Snelling, 1982). This is particularly encouraging when
considering the increasing amounts of new information
becoming available in the field of geochronometry. Inter-
national agreement, therefore, may be reached soon, too,
concerning a global geochronometric scale.

Comparison of the principal numerical dates used in the
geochronometric scales of the COSUNA charts with those
of Harland et al (1982), Odin (1982a, b), and the GSA
(Palmer, 1983) are shown in Table 1. As can be seen, the
differences between the COSUNA scales and any of the
others are no greater than those among the other three
scales.
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