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clature, and simply use Lower, Middle, and Upper
as Pennsylvanian serial nomenclature. No one
can argue with that, because no one has any sub-
jective ties to the neutral terms Lower, Middle,
and Upper.

MackEeNzIE GorDON, JR., U.S. Geological Sur-
vey, Washington, D.C.

The official classification for all systems by the
U.S. Geological Survey divides them into series
designated either lower and upper or lower, mid-
dle, and upper, with the Mississippian and Penn-
sylvanian as no exceptions. The U.S. Geological
Survey breaks the Mississippian into lower and
upper, and I can see some problems with those who
feel that the Valmeyeran should be recognized
and who would prefer a threefold subdivision.
Nevertheless, that is the official U.S. Geological
Survey policy at present. The Pennsylvanian is
divided into lower, middle, and upper series. The
type Pennsylvanian area is regarded as being the
Appalachian region, but the beds exposed in Penn-
sylvania are inadequate for reference, particular-
ly in the lower part, so the West Virginia area has,
at least for the lower part, become the more impor-
tant sequence. The top of the Lower Pennsylva-
nian is placed at the top of the New River Sand-
stone, below the base of the Kanawha Formation,
while the boundary between the Middle and Up-
per Pennsylvanian falls between the top of the
Charleston Sandstone and the base of the Cone-
maugh Group. It was originally thought that the
Lower Pennsylvanian could be equated more or
less with the Morrowan, but we find that upper
Morrowan faunas occur through much of the
Kanawha Formation. Now, the boundary between
the Survey’s Lower Pennsyivanian and Middle
Pennsylvanian is located approximately at the
base of the Dye Shale (“caprock” horizon) in terms
of the type Morrowan, in other words, where we
generally put the base of the upper Morrowan. The
upper series boundary agrees fairly well with the
boundary between the Desmoinesian and the Mis-
sourian. When employees of the U.S. Geological
Survey use terms like Morrowan, or other com-
monly used series, we are required to call them
provincial series, and in the West, because they
haven’t been established there, you must say
“Atokan Series equivalent” or perhaps “Atokan
Provincial Series equivalent.” The main formal
USGS series classification is Lower, Middle, and
Upper for the Pennsylvanian System, and Lower
and Upper for the Mississippian System.

SUTHERLAND

I might just comment that if the Survey’s classi-
fications were to be accepted as an official deci-
sion, then our boundary stratotypes would already
have been selected, and we would be locked into

those boundaries. It is my view that that should

not be the case.

JouN Groves, Oklahoma State Universityv,
Stillwater, Oklahoma

My own feeling on this question of nomencla-
ture is that it's a trivial question and that,
whether we call it Lower, Middle, or Upper, or
Morrowan, Atokan, Desmoinesian, and so on, it
has no significance. I think we can already sense
that we run the risk of developing allegiances to a
certain system of classification. The main thrust
of our research should be toward defining strato-
types, and not developing these ties with nomen-
clature. Names simply don’t make any difference
whatsoever, in my view. Of course, there will come
a time when some name must be put on these
chronostratigraphic units, but I don’t think any-
body should be concerned now with those names;
they could be X, Y, Z.

RoOBERT SHAVER, Indiana Geological Survey,
Bloomington, Indiana

I might say that I find it very strange being
bedfellows with both Rich Lane and Pat Suther-
land, but there is some similarity between our
proposals, in that all of us think that some concept
of the Atokan Series must be retained. But there
the similarity stops. I'm going to be a little bit
critical of Rich’s final proposal, because I think
that when we deal with time-stratigraphy, or, if
you want to go a bit further, time-rock classifica-
tion, we have to have a material basis for it.
Whether or not you wish to define a series or stage
as being based strictly on faunal zones, they mean
nothing unless you can place them in some order of
superposition. We always are going to have to
maintain a material basis for doing time-
stratigraphy or time-rock stratigraphy, or both of
those things together. If rules allow definition of
stages or series based strictly on biostratigraphic
zones, they must be put in the framework of, or
have, a material basis, to avoid problems of facies
control. I grant you that we correlate our series
and stage concepts by using fossils, and in a sense
the best biostratigraphic zones become syn-
onymous with stages and series. Yet, I think we've
seen from this Atokan conference that, if we trans-
fer the authority for time-rock stratigraphy to
biostratigraphic zones, we become so ingrained
with definitions that, even when we learn new
information, we don’t always recoordinate those
fossil zones with type sections of rock to assure
their place in superposition. The problem with the
lower Atokan boundary is one of having a suitable
type section, but also a problem of agreeing on
correlation; whereas the upper Atokan boundary
is simply a matter of arbitrary agreement on how
we're going to redefine type sections of rocks so
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that they collectively make up a single, un-
ambiguous standard.

FRrREDERICK MaRsHALL, Principia College,
Elsah, Illinois

Science is concerned with communicating clear-
ly the distinction between descriptive and in-
terpretive concepts. In the earth sciences, we have
our “igraphies” and “ographies” and “ologies”
which are essentially intended to do that sort of
thing. In stratigraphy, we have an important dis-
tinction between our basic descriptive unit, the
rock-stratigraphic unit, and an interpretive unit,
the time-stratigraphic unit. A problem occurs
when terminology arises that tends to scramble
those two concepts. This problem is clearly seen in
the Pacific Coast Tertiary, where the formational
approach to time-stratigraphy resulted in such
stage names as Vacqueros and Monterey for what
were basically formations. The facies chaos exist-
ing in that interval has resulted in some very
strange correlations. We have seen today, I think,
asimilar problem involving use of the word Atoka,
even if distinguished by the suffix “n” for a time-
stratigraphic unit. Is the Atokan Series supposed
to represent the boundaries of the type Atoka
Formation? We've found out that some of the
Wapanucka apparently belongs in the Atokan
Stage, and who knows what happens above! It may
be true, as Bob Shaver says, that we’re stuck with
“Atoka,” but its use seems to create the scram-
bling of concepts which I would prefer to see not
happen. The Atokan problem isn’t unique, since
practically all series names for Paleozoic systems
in North America started out as rock-strati-
graphic units. I don’t think that’s a proper
approach, and it seems especially strange since
the problems with that practice were pointed out
in 1941 by Schenk and Mueller. The American
code specifically discourages it, so that’s my pri-
mary objection to the use of the word Atoka in a
time-stratigraphic sense.

The second point relates to Rich Lane’s discus-
sion about zone and stage versus series. It is true
that most zones, and some of the stages based on
those zones, are essentially biostratigraphic units.
Yet, careful study of Oppel’s own works will show
that his zone concept was intended to be time
stratigraphic, as were the stages that comprised
those zones. In essence, they do not differ in con-
cept from series, only in duration of the interval
involved. As far as names go, they are just names.
I don’t think we are necessarily going to get rid of
problems by substituting one set of names for an-
other, but using Lower, Middle, and Upper may be
a better solution than present provincial nomen-
clature.

And the third comment I have has to do with
Bob Shaver’s talk. One of the things about being a
devil’s advocate is that it causes us all to think,

whether we agree with him or not. It causes us all
to scrutinize the care of our taxonomic and
biostratigraphic work, and the clarity of our con-
cepts of zones, stages, and series. It's important
that these thorns stay with us so that they remind
us of the careful work that needs to be done to
resolve these problems.

T. W. HEnry, U.S. Geological Survey, Wash-
ington, D.C.

My work for the last 6 or 7 years in the eastern
part of the central Appalachian Basin with Mac-
kenzie Gordon has involved integration of the few
marine beds, occurring in that dominantly paralic
sequence, with the compression/impression floral
zones recognized by Hermann Pfefferkorn and Bill
Gillespie. One of the things that has impressed me
most is the degree of biostratigraphic resolution
available from these compression floras. [ am also
concerned from looking through the IUGS
minutes, and also from listening to discussions
here today, that people active in upper Carbonifer-
ous research seem to be emphasizing marine in-
vertebrate zones almost to the total exclusion of
what is going on in the plant world. If we consider
the volume of rock, once sediments, representing
the Pennsylvanian around the world, it is over-
whelmingly terrestrial to at least paralic, and I'm
a little distressed at the ignorance of what's going
on with the plant zonation.

WaLTER NassicHUK, Geological Survey of
Canada, Calgary, Alberta

I'd like to comment on Woody Henry’s remarks
relative to marine versus nonmarine facies. I cer-
tainly agree with him, and I too am impressed
with what Pfefferkorn is doing. I'm also encour-
aged by the success that Roger Neves and others at
Sheffield have had in correlating nonmarine fa-
cies in the Westphalian in Europe, and certainly
Bob Wagner, in Sheffield, and Mann, in Moscow,
are really advanced in the whole field of megaflor-
al correlations. New advances by the Sheffield
group in recovering palynomorphs from anhydrite
sequences have obvious implications, because it
represents a direct way of relating continental
palynomorphs to a marine sequence.

I'd like to support the point made by Bob Shaver
that definitions must be related to a rock se-
quence; otherwise, we’re dealing in Schindewol-
flan concepts of a floating-stage nomenclature to
which presumably the world can relate. My own
experience with the Permian has reenforced this
view. The question of what constitutes the Per-
mian has been debated without decision by the
Russians for 30 years. Although the type Permian
isin the Ural Mountains, they have tended to base
the system on three successive fusulinacean zones
that have been selected and refined over a number
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of generations without regard to type relations.
Sooner or later, boundaries will have to be defined
in rock sequences. Similarly, with respect to the
Carboniferous, the Chinese have just come into
the world of science, so to speak, and they consider
what we consider the entire lower Permian to be
part of the Carboniferous. They still utilize the
unconformity principle in defining series and
stages, so there’s a real matter of global com-
munication that has to be addressed. I would sub-
mit that the problem underlies even use of such
terminology as Mamet Zone 20 and Zone 21 in this
symposium. I'm not sure what’s meant by Zone 21,
and I would like to know where there is a particu-
lar stratigraphic section that we can all visit and
see Zone 21, to debate it or whatever. Without a
type section, chronostratigraphic units are float-
ing, rather meaninglessly, as etherial kinds of
concepts that are rather difficult to communicate
to the world.

Magk Rich, University of Georgia, Athens,
Georgia

1 have a practical problem with what Walter
Nassichuk has said involving a time-stratigraphic
unit, or boundary stratotype. If everybody is look-
ing for continuous deposition that preserves
changes in overlapping ranges of various faunal
and floral groups, I can’t understand how one can
tie those changes to some kind of lithologic bound-
ary at a stratotype section. In a continuous se-
quence, formation boundaries are difficult to rec-
ognize, so series names or other time-strati-
graphic units reflect some kind of biostratigraphic
change that is not tied to formation names, be-
cause there may be no obvious formation boundar-
ies available.

NASSICHUK

I agree with you, Mark, that it’s folly to try to
base any sort of a world standard on a lithologic
sequence. I think we should follow the example of
the Silurian-Devonian boundary, where a com-
mittee debated placement of the “golden spike” for
12 years. It was ultimately driven at Klonk,
Czechoslovakia. So, why was that particular site
selected? Klonk was a place where trilobites, con-
odonts, and graptolites made a particular change

" at the same horizon. The definition really is a
question of fossils in rock, but it is at Klonk that
you can go to see what a particular group of fossils
are doing. It’s really an objective reference to
what’s happening in organic evolution.

LANE

I'd just like to continue Walt’s comments here. If
there’s any system that’s a hotbed of stage and
serial nomenclature internationally, it’s the De-
vonian. After selection of the Silurian-Devonian

boundary, the Subcommission on Devonian
Stratigraphy (SDS) was established, and their de-
cision was to forget stage and serial nomenclature
for now, define a Lower, Middle, and Upper De-
vonian Series, and then, when that was com-
pleted, turn to the question of stage nomenclature,
or geographically derived names, for their sub-
divisions.

SHAVER

Rich, I agree with you to the extent that it really
doesn’t make that much difference, except for tra-
ditional reasons, whether you use a spatial
arrangement of lower, middle, and upper, or geo-
graphic designations. Do you recognize that sever-
al systems already exist for lower, middle, and
upper series? The USGS is most behind that and
supports the one in this country, but there isalso a
system in Europe, which isn’t exactly the same as
that being used in America, and when you see the
COSUNA charts you'll note that all American
lower, middle, and upper subdivisions have been
done away with in favor of the European arrange-
ments.

A second point I would like to make concerns the
USGS system, as I understand Mac’s explanation.
Even though he would appear to support a lower,
middle, and upper concept, those divisions are cur-
rently based on a rock record as material units. 1
think that if we suddenly defined series or stages
in terms of lower, middle, and upper, we would not
only have the problem of an American and Eu-
ropean system, we’d have a third system as well.
Utter chaos would result before the literature ever
got straightened out, and in the meantime none of
us would know what the other person was talking
about, because most people won’t say which sys-
tem they’re using.

I also wanted to say that biostratigraphers are
only a very small portion of the stratigraphers
who have to use this terminology. If we start a
system in which everything above the rank of
formation or group is going to be defined on more-
or-less abstract biostratigraphic zones, we're go-
ing to take away part of the coordination that we
have now between biostratigraphers and sub-
surface stratigraphers. They try to express their
interpretations in terms of time-rock units. If we
tell those people that they’re going to have to re-
train as biostratigraphers or they can’t use our
system, then I think we have problems that are
greater than those we have now in coordinating
the work of all kinds of stratigraphers.

LANE

Perhaps I'm a little too optimistic, but I would
hope that, instead of defining central North Amer-
ican provincial terms, we could move toward de-
fining subdivisions of an upper Carboniferous sub-
system that would be used on a global basis. None
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of the present subdivisions of the upper
Carboniferous subsystem are well defined, and
that’s why terms like “Atokan” and “Morrowan”
should be avoided. In addition, those terms are not
going to be used in central Siberia, just as “Bash-
kirian” and “Moscovian” aren’t used here. All we
have accomplished in precisely defining the Ato-
kan is clarification of a provincial term. I would
rather see us work toward defining a system of
subdivisions for worldwide correlation. Perhaps
this is the wrong forum to bring up the subject of
worldwide subdivisions of the Carboniferous. Per-
haps it should be at a meeting of an international
body of specialists.

SUTHERLAND

Our main thrust should be describing faunal
sequences. This sort of thing is needed in conjunc-
tion with the Morrowan—Atokan boundary and
the Atokan-Desmoinesian boundary. I believe
that boundary stratotypes should be approached
cautiously. I think it is fine to set up a study group
(as they did with the Silurian-Devonian bound-
ary), but boundary stratotypes cannot be properly
established until one has a selection of well-
defined faunal sequences upon which to base a
selection. As a first step, sequences across the
country must be located that have diverse faunas
in many different zones. It appears that Arrow
Canyon is one such place, except that very little
information on the varied fossil groups occurring
there has been published.

Raymonnd DoucLass, U.S. Geological Survey,
Washington, D.C.

I agree with your statement, Pat, but one of the
problems of the past is that there has been no
direct tie between a set of collections made for
fusulinids, for example, and a set of collections
made for conodonts. Now, in the north Arrow Can-
yon section there is the opportunity for study from
beds that can be tied exactly in with past col-
lections. Thanks to Ralph Langenheim and his
students, the myriad numbers used in Arrow Can-
yon have been compiled, so that it can be es-
tablished now that Douglass’ 36 is the same as
Amoco’s 127, Webster’s 39, Welch’s 125, and so on.
If we could do this in several sections around the
country, either by collecting together or working
with keyed sections, such as those painted for the
Atokan field trip that preceded this symposium,
then integration of information will show how dif-
ferent elements of the fauna are related biostrati-
graphically.

Gary WeBster, Washington State Universi-
ty, Pullman, Washington

Concerning the sequences in Arrow Canyon, the
fusulinids have been published (see Webster and

Langenheim, this volume, for references). The
brachiopods are currently under study by a stu-
dent directed by Ralph Langenheim, University of
Illinois. I am redoing my conodont work and try-
ing to extend it higher into the Pennsylvanian.
Ralph and one of his students have also published
some of the corals (see Webster and Langenheim,
this volume, for references). The substantial bryo-
zoan assemblage is the only major unstudied fau-
nal group. We should continue to see publications
on this important sequence appearing over the
next decade.

GROVES

I would like to ask Bob Shaver what positive
evidence he has for a Morrowan age for the lower
portion of the range of Profusulinella?

SHAVER

I'm not sure that we have any positive evidence.
But if I were to try now to place the Lead Creek
Limestone that contains Profusulinella in the Illi-
nois Basin in the southern Midcontinent succes-
sion, I would put it in the gap between the Kessler
and the Trace Creek, or in the Trace Creek itself.
The reason we don’t find Profusulinella there,
even though we have some marine cephalopods in
the Trace Creek, is for ecological reasons. When 1
came to this symposium, I really didn’t have a
good idea of how the Illinois Basin Profusulinella
and the related ostracods would fit, but now that
would be my proposal. We still have this problem
of whether the Trace Creek belongs in the type
Morrowan or not; I said, let’s leave it there in order
to avoid the criticism that attends the placement
of a series boundary in that unconformable posi-
tion between the Kessler and the Trace Creek.

WaLTER MANGER, University of Arkansas,
Fayetteville, Arkansas

Iwould like to make a few concluding comments
on some of the things we've discussed this after-
noon. I think that the symposium has been a suc-
cess, based on the quality of the contributions and
this discussion. We're focusing attention on the
Atokan Series and its boundaries, and that’s what
was intended. The point I would like to consider is
that these are chronostratigraphic units. Any
time a correlation chart is shown, I think the
assumption, whether conscious or unconscious, is
that isochronous surfaces are being traced from
column to column. Biostratigraphic evidence is
being used to do that, and, the fact is, we don’t
have enough information to be successful. So I
would echo the point made previously that we
need to get as many different groups examined in
as many sections as possible, to increase the data
base markedly. Second, we are dealing with a sys-
tem of nomenclature that has been developed
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more or less over the last century. None of us
played a part in that development, yet we are
obliged to use the system as it exists. I think we
have to maintain some continuity with that old
literature. The argument for an international
scheme is not going to be totally practical. Any
sort of international zonation is going to be, by
nature, less precise and less detailed than that
developed for a local province, such as the south-
ern Midcontinent. Personally, I see nothing wrong
with developing provincial series names, because
I think that they are important to the understand-
ing of the geology of a local area. We may have a
more-or-less intercontinental outlook, but we
need to have working units as a means of com-
municating the information that we’re obtaining
from our local sections.

I see the development of the chronostratigraph-
ic system proceeding from the establishment of
boundary stratotypes. Agreement on boundary
stratotypes would then define bodies of rock that
are recognized in sections in which an internal
biostratigraphy could be developed. A sequence of
biostratigraphic zones could be extended on a
more regional basis. The present situation is chao-
tic. The series boundaries are defined now by dif-
ferent groups, as Ray Douglass and some of the
others have pointed out, because we tend to work
in a vacuum—one person studying one group and
ignoring the others. Instead, with boundary stra-
totypes in agreement, at least on a working-
hypothesis basis, we could recognize these in-
tervals in our local sections and develop the
biostratigraphy from there.

SUTHERLAND

I thank all of you for your participation in this
symposium. I agree with Walt that it’s been a
success, and. both of us hope that it will initiate
diligent work on various Atokan sequences. I will
conclude with the comment that Arrow Canyon
seems to be emerging as the principal reference for
western North America, Upper Mississippian—
Lower and Middle Pennsylvanian relations. Yet,
until a number of additional sequences in the
West are described, there is no basis to conclude
that Arrow Canyon really is the best section. Is
there perhaps something better in Idaho or west-
ern Utah, or in the Arctic? We cannot evaluate
these possible candidates for boundary strato-
types, not only for the Morrowan-Atokan bound-
ary but also for the Atokan-Desmoinesian bound-
ary and the Mississippian-Pennsylvanian bound-

ary, until their sequences are extremely well
described. We need to keep the question of bound-
ary stratotypes in mind, and it is up to those work-
ing on different sequences to provide the bases for
detailed zonations. Then, boundary-study com-
mittees, organized over the next 5 to 10 years, can
make some real progress toward resolving many
of the problems identified by this symposium.

RonaLp R. West, Kansas State University,
Manhattan, Kansas

Written comment dated April 8, 1982

After listening to the presentations and dis-
cussions at the Atokan symposium, two things
occurred to me that may be appropriate for the
discussion section of the published results.

First, few, if any, of the speakers addressed the
problems of the upper Atokan boundary. Most of
the detailed considerations were given to the Mor-
rowan—Atokan boundary, and yet there are prob-
lems of a similar sort at the Atokan—Des-
moinesian boundary. The type Desmoinesian, as
you well know, is a real problem area, biostrati-
graphically, because of the poor to nonexistent
outcrops in Iowa and the Mississippian erosion
surface on which the Pennsylvanian sequence was
deposited. Some Atokan has been reported there,
based on fusulinids, but if they are Atokan rocks
this is hardly the place for a boundary stratotype.
My recollection of the Oklahoma sequence (Ato-
kan to Desmoinesian) is that, while it may be a
rather continuous section, it is poorly fossilifer-
ous. However, the new sections described in [ Okla-
homa Geological Survey] Guidebook 20 may have
improved this situation a bit. .

Second, little if any attention was given to the
ecological controls of the different taxa being used
biostratigraphically. Several persons said that the
absence of certain forms might be due to ecological
controls, but they failed to give any indication as
to what these controls might have been. It almost
seemed as if ecological controls were being used as
an ad hoc explanation for why certain data were
anomalous, because no attempt was made to con-
sider any of the ecological aspects of the fossil
groups as a whole. I think it is very important that
biostratigraphers consider the ecology of their re-
spective groups. Perhaps some of the difficulties
encountered when comparing correlations using
different taxonomic groups would be better un-
derstood, perhaps solved, if the ecology of each
group were considered carefully.



