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CHAMPLAINIAN (MIDDLE ORDOVICIAN) SERIES

IN ILLINOIS

J. S. Templeton and H. B. Willman

ABSTRACT

The Champlainian (Middle Ordovician) rocks of Illinois consist of a large number
of widely distributed rock-stratigraphic units, some of which have not been previously
described. In this study many of the formations and members were traced by lithologic
criteria, supported in most cases by faunal evidence, from the Mississippi Valley east
to New York, west to Colorado, north to Manitoba, and south to Tennessee. Conditions
of sedimentation during the Champlainian were remarkably uniform over much of the
stable interior part of the continent.

Regional correlations of Champlainian strata in the past have been based essentially
on fossils. The continuity of distinctive rock units and the fact that their boundaries are
parallel to bentonite beds show that many of the boundaries are essentially isochronous
and that the units are essentially time-stratigraphic. Lithologic tracing, based on match-
ing of sequences, offers promise of more detailed correlation than presently is possible
by fossil identification. The vertical variations in argillaceous content that distinguish
successive units persist through regional changes in gross lithology, even into the greatly
thickened sequences at the margin of the Appalachian geosyncline.

This report suggests major changes in commonly accepted correlations. The Maquo-
keta Shale Group of the Mississippi Valley represents most of the Cincinnatian instead
of the Richmond alone, as was thought previously. The continuity of both basal Cin-
cinnatian and uppermost Champlainian (Trentonian) strata suggests that (1) the Upper
Utica (Collingwood-Gloucester) beds of New York should be assigned to the Cincin-
natian, and (2) the northern and western limestones— Red River, Bighorn, Fremont,
Montoya—are not all Richmondian as commonly identified. The latter formations are
mostly Trentonian with some Blackriveran beds at the base and Cincinnatian strata,
probably Edenian and Maysvillian as well as Richmondian, at the top. This largely
eliminates the prominent gap on the Ordovician correlation chart (Twenhofel et ah,
1954) that shows lower and middle Cincinnatian strata missing north and west of the
Cincinnati Arch but a complete Cincinnatian sequence on top of the arch.

Our correlations suggest that the position of the Trentonian-Blackriveran boundary
has been placed, particularly in recent years, too low in Pennsylvania, Kentucky, and
states farther south. The suggested continuity of Pamelia, Lincolnshire, Murfreesboro,
Dutchtown, and McLish strata would return to the Blackriveran Stage the sequences on
which Cooper (1956) based two new stages between the Chazyan and Blackriveran.
St. Peter, Dutchtown, Joachim, and Glenwood strata are represented in the Pamelia of
New York and, therefore, are assigned to the Blackriveran rather than the Chazyan.

Changes in correlations, changes of rank to permit finer subdivision, and changes
in classification practice have resulted in extensive modification of the existing classifica-
tion of Champlainian rocks in lllinois. In the revised rock-stratigraphic classification
presented here, four groups are recognized. The Everton Group, at the base, previously
had been considered a formation. The new Ancell Group includes St. Peter, Dutchtown,
and Joachim strata in southern Illinois and St. Peter and Glenwood strata in northern
Illinois. The Platteville Group includes the strata previously included in the Platteville
Formation in northern Illinois (except for type Spechts Ferry strata) and strata previously
included in the Plattin and the upper part of the Joachim in southern Illinois. The
Galena Group includes the strata previously classified as Spechts Ferry, Decorah, and
Galena in northern Illinois and the Decorah and Kimmswick of southern Illinois. The
groups are divided into a number of subgroups, formations, and members.

9
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The Everton Group is thought to be equivalent to the Ghazy Group of New York.
The Ancell and Platteville Groups are equivalent to the Black River Group of New York,
and the Galena Group is equivalent to the Trenton Group of New York, excluding

Collingwood and Gloucester strata.

The Chazyan rocks, previously treated as a series in lllinois, are changed to a stage

in the Champlainian Series.

The name Canadian Series is accepted for the Lower

Ordovician rocks, and the Prairie du Ghien Series is made a provincial group of the

Upper Mississippi Valley.
keta is made a group with five formations.

In the Upper Ordovician (Cincinnatian) Series, the Maquo-

INTRODUCTION

The Champlainian Series forms the sur-
face bedrock of a large area in northern
Illinois, crops out in three limited areas in
southwestern Illinois, and underlies the en-
tire Illinois Basin (fig. 1). During the past
15 to 20 years an intensive study of these
strata has been made in connection with
guadrangle mapping, prospecting for lead
and zinc deposits, and evaluating limestone
and dolomite resources. The economic ob-
jectives have required accurate identifica-
tion of stratigraphic position for both struc-
tural determinations and studies of lateral
variations. As the existing classification was
part lithologic, part faunal, and generally
too gross for effective use, the need for a
more detailed lithologic differentiation was
apparent.

Although the Champlainian rocks of Illi-
nois have received most attention, regional
knowledge was needed to establish an Illi-
nois classification that would be in harmony
with the stratigraphy of adjacent states and
of the New York section, commonly con-
sidered the standard of reference. Accord-
ingly, detailed studies were made of selected
exposures in Colorado, Indiana, lowa, Ken-
tucky, Michigan, Minnesota, Missouri, New
York, Ontario, Tennessee, and Virginia (fig.
26).

Many individual lithologic units of the
Mississippi Valley were recognized in other
regions, and their continuity indicates that
Champlainian sedimentation was amazingly
uniform over wide areas. The persistence of
relatively thin units is similar to that long
recognized in the Pennsylvanian System, dif-
fering only in that the change in lithology
between successive units is less conspicuous
than that of the Pennsylvanian.

Regional changes in facies in the Cham-
plainian generally are gradual, and most of
the lithologic units can be followed from
one gross facies into another. Where litho-
logic units are extensively missing, their
absence generally results from regional dia-
stems or unconformities rather than from
lateral gradation. Changes in sedimenta-
tion between successive units generally are
sharp and appear to have extended rapidly
throughout the region. The contacts be-
tween most of the lithologic units are parallel
to thin beds of bentonite and are essentially
time planes.

The purpose of this report is to summarize
the revised classification for the Champlain-
ian Series in Illinois (fig. 2). Changes also
are made in the classifications of both the
overlying and underlying Ordovician series,
but those sequences are not fully described.

J. S. Templeton led the study of the Platte-
ville, Ancell, and Everton Groups and H. B.
Willman the study of the Galena Group. The
fossil identifications and discussions of the
faunas are by Templeton. The authors have
worked jointly on all aspects of the classifica-
tion and the regional correlations.

As part of this general study of the Cham-
plainian strata of Illinois, the late Paul
Herbert, Jr., studied the Decorah strata in
outcrop and subsurface between Decorah,
lowa, and southern lllinois. He submitted a
doctoral thesis, the “Stratigraphy of the De-
corah Formation in Western Illinois,” to the
University of Chicago in 1949. Data on the
Spechts Ferry, Kings Lake, Guttenberg, and
lon strata in Illinois are taken from his
thesis. He also took part in the preliminary
studies of the higher Galena strata. The au-
thors of this report are responsible for the
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FIG. 1.— Outcrop areas of Champlainian strata in the Mississippi Valley, showing type localities

of formations, subgroups, and groups recognized in Illinois. More detailed maps showing
localities mentioned in the text are figures 6 (Minnesota), 7 (lowa), 8 (Wisconsin), 9
(northern Illinois), 10 (northeastern Missouri and western lllinois), and 11 (southeastern

Missouri and southwestern Illinois). Modified from U. S. Geological Survey Geologic Map
of the United States.
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Glenhaven * 2
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Castlewood *
Strawbridge * 2
Shullsburg * 2
Hazel Green * 2
Everett * 2
Elm *2
Eldena * 2
Forreston * 2
Victory * 2
Hely * 2
Clement * 2
Stillman * 2
Walgreen * 2
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Briton * 2
Hazelwood * 2
Establishment * 2
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Oglesby * 2
Medusa * 2
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NORTH SOUTH
SER. STAGE MES GROUP FORMATION ~MEMBER FORMATION ~ MEMBER
t . %2 Metz *
t t Harmony Hill Matson *
. Defiance *
Loughridge Joachim Boles *
*
z % Glenwood & Augusfa *
Black- Daysville E
z riveran Ancell * 0 Abernathy *
< ° . N o Sharpsboro *
oL Kingdom * 2 Dutchtown Gordonville
X Starved Rock Starved Rock*
1 *
0 St. Peter Tonti * St. Peter Tonti
Kress Kress
Chazyan Everton (absent)
Powe Il
Shakopee Cotter
)<( Knox Prairie' Jefferson City
0 du Chien ) )
S (North) New Richmond Roubidoux
é Gasconade
u Oneota Van Buren
Gunter Gunter

% New name

1 Name formally introduced in this report, but cited by Gutstadt (1958 a)

2 Name formally introduced in this report, but
and cited in several publications.
3 Name from manuscript of

used

in guidebook (Templeton and Willman, 1952)

Paul Herbert,Jr. (1949)

4 Called Boarman in guidebook. Boarman is abandoned.

FIG. 2.— Classification of the Ordovician System in Illinois.

classification and the regional correlations of
the Decorah equivalents, except for the dif-
ferentiation and naming of the Kings Lake
Formation.

The present report was essentially com-
pleted when Dr. Templeton died on April
21, 1953. In the final revision of the report
no major changes in interpretations have
been introduced. However, certain changes
in the classification to be used in lllinois have
been made to conform to a new stratigraphic
policy (Willman et al, 1958), and refer-
ences to many of the more important re-
cent publications have been added. A few
names have been added to the sequences
compiled for the various areas visited out-
side of Illinois, but no changes either in the
sequences or regional correlations have been
necessary.

The major additions relate to two publica-
tions that deal primarily with regional cor-
relation problems. The Ordovician correla-
tion chart, prepared by a committee of the
National Research Council, with W. H.
Twenhofel as chairman (Twenhofel et al.,
1954), contains an introduction by Carl O.
Dunbar clearly summarizing many of the
problems, a critical discussion of British-
American correlations by Harry B. Whitting-
ton, and annotated contributions from nu-
merous regional specialists. The chart can be
assumed to express a broad cross section of
opinion on correlations, but, in view of the
numerous compromises that are necessary to
produce such a compilation, it seems only
fair to credit the authors of the individual
columns for the nomenclature of their re-
spective sequences but not to hold them en-
tirely responsible for the correlations with
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other regions. For this reason the correla-
tions are all referred to Twenhofel et al.

The second major study of regional cor-
relations is that of G. A. Cooper (1956),
which is based primarily on brachiopod
faunas from all the Champlainian strata ex-
cept the upper Trentonian.

The correlations in these two reports dif-
fer from each other perhaps as much as
from ours. As the three correlations rep-
resent somewhat different approaches, a de-
tailed comparison has been made. The
Cooper and Twenhofel correlations have
been added to several of our charts to call
attention to the differing viewpoints.

Many of the stratigraphic names and some
of the regional correlations introduced in this
study were used in a mimeographed guide-
book prepared for the 16th annual field
conference of the Tri-State Geological So-
ciety at Dixon, Illinois, in 1952 (Templeton
and Willman, 1952). We did not regard the
guidebook as an official publication, and it
contained a statement that the new names
were not formally introduced. However, sev-
eral of the names have been used in a num-
ber of publications. The entire list of names
was included in Geologic Names of North
America Introduced in 1936-1955 (U. S
Geological Survey Bulletin 1056-A) and in
Index to the Geologic Names of North
America (U. S. Geological Survey Bulletin
1056-B). Because of the frequent references
to guidebooks, it has become necessary to
recognize them as publications, and many of
them, in fact, are excellent sources of recent
information. However, in the future, the
Illinois State Geological Survey will not use
new stratigraphic names in guidebooks be-
cause of the limited distribution of guide-
books and because they generally are not
available in libraries.

In our opinion the names in the Tri-State
guidebook were not defined adequately by
present-day standards. As their validity,
therefore, is open to question, we suggest that
the present report be considered the formal
introduction of these names. However, for
the convenience of those who may disagree,
the names used in the guidebook and listed
in the U. S. Geological Survey indexes are

indicated in figure 2. As anticipated, it has
been necessary to change a few names before
they were formally introduced.
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METHODS OF

METHODS OF CORRELATION

Much of the Champlainian sequence in
Illinois consists of hundreds of feet of lime-
stone and dolomite that is so uniform in
lithology that it has been differentiated only
into thick formations, such as the Galena,
Platteville, Plattin, and Joachim. Lithologic
differentiation within these units has been
lacking or of local application. Accurate cor-
relations have been difficult in a large part of
the Upper Mississippi Valley where the best
exposures commonly are only 25 to 50 feet
high, and where formational boundaries are
not exposed in large areas. Our problem was
to find traceable characteristics that would
permit accurate identification of the position
of many limited and scattered exposures.

The correlations presented in this study are
based on conventional methods of field
study—the matching of detailed lithologic
and faunal sequences combined with the
tracing of key beds. In some parts of the se-
quence lithologic units can be recognized
readily. In other parts identifications became
apparent only after detailed graphic strips on
a scale of a quarter of an inch or half an
inch to the foot were drawn and compared.
If correlations still were not sufficiently defi-
nite, the sections were revisited and studied
in greater detail and any intervening ex-
posures were carefully examined. In some
cases the procedure was repeated many times.
Generally it was possible, by finer and finer
“splitting” of units, to establish almost bed-
by-bed correlation between exposures. As cor-
relation proceeded, the lithologic units and
faunal zones that have regional continuity
were recognized and the directions of facies
change were established.

Insoluble residues, heavy minerals, clay
minerals, and etched surfaces were studied,
but such data generally are not required. The
insoluble residues seldom reveal differences
that cannot be observed by study of the tex-
tures and residues exposed on moderately
weathered surfaces. Some units are indistinct
on fresh rock faces, and for such exposures
microscopic examination of the textures of
closely spaced samples may be helpful. Most
units can be recognized in well cutttings, and
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subsurface tracing is especially valuable if
samples have been collected accurately at
closely spaced intervals.

Thin sections also have been found useful
in differentiating and correlating stratigraphic
units in this sequence (Ziemba, 1955; Car-
0zzi, 1956; Wanless et ah, 1957), but we
did not use them because field characteristics
provided an adequate basis for differentiation.

In part of the predominantly carbonate
sections in the Silurian System of Illinois thin
units differentiated by slight variations in
lithology also have extensive lateral conti-
nuity. However, regional tracing is not effec-
tive in beds in which the lateral change is
great and exposures are too far apart. It has
its limitations in thick sequences of detrital
limestones in which lenticular relations locally
are prominent. Sequences traceable regionally
disappear in the immediate vicinity of reefs
where lateral changes are great. However, in
both situations the tracing of minor units
yields much information about conditions of
sedimentation, sources of sediments, and the
relative ages of reefs, bars, and other features.

The supposition that profound and numer-
ous lateral changes in facies exist in the
Champlainian sequence generally has dis-
couraged attempts to trace minor lithologic
units and to make long-range lithologic cor-
relations, particularly in regions of scattered
outcrops such as the Middle West. Such
ideas appear to be based principally on mis-
correlations but also may be due to variations
related to intermittent movement of local
structures. The predominantly lithologic
method used in this study is effective only
because of great uniformity of sequences,
gradual changes in facies, and the continuity
of many distinctive units. Our results suggest
that by intensive matching of lithologic se-
quences, in both wells and outcrops, much
more precise determinations of stratigraphic
position should be possible throughout much
of the Paleozoic section in the interior stable
region and into the marginal parts of the
geosynclines.

Lithologic Criteria

To determine criteria important for cor-
relation in dolomite and limestone sequences,
study was made of differences in content of
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clay, silt, sand, and chert, in color, size of
crystals or grains, porosity, character of frac-
ture, thickness and nature of bedding, and in
the character, number, and thickness of shale
partings.

The most important influence on gross
carbonate lithology is the content of dissemi-
nated clay—the degree of argillaceousness.
In general, argillaceous units are finer
grained, denser, less dolomitic, and thinner
bedded. Strongly argillaceous or shaly facies
generally are noncherty, and moderately argil-
laceous facies usually are more cherty than
pure carbonate units. Argillaceous units com-
monly have a lighter colored, smoother,
weathered face, and a fauna differing from
that of purer beds. Silty carbonate units gen-
erally are similar to argillaceous units except
that many are very light colored, are more
massive when weathered, and the silt stands
out on the weathered surfaces. Weathered
faces were studied carefully because they
usually show minor changes in argillaceous or
siliceous content more clearly than do in-
soluble residues.

Features that may continue for long dis-
tances are bentonites, intraformational con-
glomerates, calcarenites, chert bands, oolites,
pyritic and carbonaceous markings, coquinas,
fucoidal layers, prominent bedding-breaks,
laminations, cross-bedding, wavy bedding,
scour surfaces, corrosion surfaces, unconform-
ities, and beds characterized by phosphatic
nodules, worm borings, spores, unicellular
algae, and algal domes.

Scour surfaces are undulatory bedding sur-
faces that cut into the underlying bed and
commonly have a relief of a few inches. Cor-
rosion surfaces are deeply pitted bedding-
breaks. Both represent minor diastems, but
the scour surfaces are caused by current scour
and the corrosion surfaces are believed to be
caused by solution on the sea floor.

The origin of corrosion surfaces has been
discussed by Weiss (1954a; 1957, p. 1052;
1958). He considers them solution features
of the intertidal zone. Some are traceable for
hundreds of miles, and their wide distribu-
tion is an objection to restricting them to
the intertidal zone, as is the fact that some of

them occur in pure, medium- to thick-bedded
limestone and dolomite that does not suggest
shallow-water deposition. In places several
of these surfaces occur in zones only a few
feet thick. We prefer the name corrosion sur-
face for the individual feature rather than
corrosion zone used by Weiss and others.

The usefulness of bentonites for regional
correlation has been questioned (Miller and
Fuller, 1954, p. 130) on the grounds that the
ash falls forming the bentonites may be
from different volcanoes, that the periods of
volcanic activity may not be contemporane-
ous, and that the distribution of the ash at
different times may not necessarily be similar.
However, the presence of bentonites as much
as an inch thick as far from the potential
sources in the Appalachian region as Minne-
sota and northern Michigan attests to the
wide distribution of individual ash falls. The
equivalence of these distant deposits to the
thicker bentonites of the southwestern Vir-
ginia region seems well established by both
lithologic and faunal identifications of the en-
closing rocks, without reliance on the ben-
tonites themselves.

The greater abundance of bentonites in the
geosynclinal region may reflect preservation of
minor, more restricted ash falls. On the other
hand, bentonites are much more abundant in
the Mississippi Valley than generally realized.
In addition to the more prominent bentonites
in northern Illinois, a 2-inch bed of green
shale in the Spechts Ferry Formation locally
has three bentonite streaks, each an eighth of
an inch or less thick, and a 4-foot interval in
the basal Galena in one quarry has seven thin
layers of whitish plastic clay, probably all
bentonite. If the ash falls come from different
volcanoes, there is perhaps some hope of
differentiating them by mineralogical char-
acteristics, but the problem is difficult because
the original material is greatly altered and
actual glass shards are rare, if present, in
most deposits in the Mississippi Valley.

In the correlation of sandstones, differences
in the clay, silt, and accessory mineral content,
in the size, sorting, and rounding of grains,
and in the character of the bedding, as well
as physical breaks, have proved most useful.



CLASSIFICATION 17

Faunal Criteria

Although no systematic examination of fos-
sils was attempted, detailed studies were made
of Platteville faunas in northern Illinois, and
all faunal lists available through 1952 have
been reviewed.

The fossil names used in this report are
those generally accepted in 1952. We have
made reference to some recent changes, par-
ticularly where attention should be directed
to a difference of opinion on identification or
classification that affects suggested correla-
tions. A few discontinued fossil names that
may be more familiar to many than the pres-
ent ones are enclosed in brackets. The name
Dalmanella is used in place of Resserella,
which is no longer valid for Ordovician
species (Cooper, 1956, p. 956), or Paucicrura,
which is valid but is unfamiliar and not in
general use.

Relatively few Champlainian fossils have
been found valuable in either local or regional
correlations of formations and members. In
general, only a profuse species or a charac-
teristic assemblage has proved useful. Studies
of the Platteville fauna of northern Illinois in-
dicate that approximately half the species are
undescribed. Even for described species the
precise vertical range, the effect of environ-
ment on range and distribution, and the
evolutionary sequence within the genus are
not well known. Many species are long rang-
ing and show no variation from bottom to
top of even as large a unit as a group.
Preliminary results suggest that few if any
genera evolved with sufficient rapidity to pro-
vide index fossils for the relatively thin litho-
logic units differentiated in this study.

Regional correlations are complicated by
the lateral migration of species and by major
differences in the contemporary faunas of
different areas. In several instances changes in
environment have had a greater apparent ef-
fect on the fauna than on the type of sedi-
ments. Insufficient paleontologic work has
been done in the contact zone of such con-
temporary faunas to establish detailed cor-
relations.

Ecologic control of long-ranging forms in a

given area may produce a faunal succession
that is more apparent than real. For example,

in the Mississippi Valley the brachiopod
genera Pionodema, Sowerbyella, and Dal-
manella are virtually confined, respectively,
to Spechts Ferry, Guttenberg, and Buck-
horn—St. James (lon) strata. In Kentucky,
Tennessee, and Virginia, however, all three
genera are abundant in Gurdsville (Spechts
Ferry) beds, and Dalmanella generally is
abundant in both Guttenberg and Buck-
horn-St. James equivalents.

Our attempt at regional correlation is based
on the belief that accurate tracing of Cham-
plainian lithologies promises closer correlation
than can be established at present by fossils.
The apparent lack of fossils in great thick-
nesses of section, the poor preservation of fos-
sils in many units, and the great expenditure
of time and high degree of specialization
required for modern faunal studies limit our
use of fossils in correlation. However, where
there is extreme facies change between widely
separated exposures, certain species insensitive
to such changes may offer the only tool for
establishing accurate correlations. This report
emphasizes the need for more paleontologic
study and, in fact, lays a preliminary ground-
work for more effective comparison of faunas.

CLASSIFICATION

The previous lllinois classification of the
Champlainian Series (fig. 3) was unsatisfac-
tory from several points of view. The forma-
tions and members were too thick and too
generalized to be suitable for detailed studies
of stratigraphy and mineral resources, and for
areal and structural mapping. Many of the
units either violated natural lithologic group-
ing, represented faunal zones alone, or were
based on errors in correlation. The classifica-
tion used different names for the same units
in the northern and southern parts of the
state, which greatly exaggerated the differ-
ences between the sequences in these areas.
The classification also failed to correlate
readily with classifications in other regions.

The major object of the present study was
to develop a rock-stratigraphic classification
based on field characteristics and consistent
with the degree of differentiation recognized
regionally. A framework was needed for the
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organization of the large and rapidly expand-
ing amount of stratigraphic data. The intro-
duction of a multiple system of stratigraphic
classification (Willman et ah, 1958) during
the late stage of this study has resulted in a
few modifications of the classification, par-
ticularly those needed to establish clearly the
separation of rock- and time-stratigraphic
units.

Rock-Stratigraphic Classification

The principal sedimentational feature upon
which the revised rock-stratigraphic classifica-
tion of the Platteville and Galena Groups rests
is the cyclic difference in relative argillaceous-
ness, the most persistent and easily recog-
nized of all the criteria noted. It is a feasible
basis for classification because each individual
unit within a vertical sequence commonly
tends to have a characteristic and fairly uni-
form argillaceous content, and for the most
part the changes between contiguous units are
sharp. Some units have a gradational contact,
but even this generally is characteristic of the
specific unit.

The distribution of the argillaceous content
appears to indicate relatively uniform condi-
tions of admixture of calcareous and terrigen-
ous sediment throughout a considerable in-
terval of time, followed by a relatively sharp
change in these conditions for a short interval
represented by the contacts between the units.
These variations in argillaceous content,
along with regional facies gradations, seem
to be related to recurring minor uplifts of
land areas bordering the interior seas.
Changes in sea level and climate may be
major factors in controlling the argillaceous
content, but the presence of diastems, evi-
dence of volcanic activity, coarse elastics, and
repeated movements along local structural
axes all point more directly at diastrophic con-
trol, with the effects of climate and depths of
seas being corollary.

Because the formations are the fundamental
units of rock-stratigraphic classification, and
the only units of which a complete sequence
is required, maximum attention is given to the
selection of formational units. If a unit merits
formation rank in one area, we apply the

same name to the unit as far as its boundaries
can be traced by field methods, even though
its gross lithology may change notably. Be-
cause of this emphasis on continuity, some
units are projected into areas where they are
not as distinctive from adjacent units as they
are in their type locality. However, when
strong and sharply defined facies changes oc-
cur and the tracing of formational contacts
is uncertain, a different formational classifica-
tion is established.

The formations recognized in this study
are sufficiently distinct from adjacent units to
be readily identified by a field stratigrapher.
They are thick enough over a considerable
area to be practical units for geologic
mapping and economic and engineering
studies. Nearly all exceed 25 feet in maxi-
mum thickness. The thinnest formations are
several times thicker in nearby states.

Most of the formations have widely trace-
able members. We have considered that any
subdivision of a formation important enough
to be named should be ranked as a member.
Most of the members recognized in this study
have submembers of wide extent, and even
subsubmembers, some of which are important
key beds, but we have refrained from naming
them in the hope that names will not be nec-
essary.

The bentonites present a special problem
and eventually may need formal geographic
names as beds. At present they and certain
other key beds are identified by position in a
member, rather than by the number system
used in some states.

The classification of formations into groups
is intended to show some similarity in litho-
logy among formations. In a few places in the
sequence it has seemed desirable to introduce
subgroups to show lithologic similarity on a
lesser scale.

Although a complete sequence of forma-
tion names is necessary, other units are recog-
nized only as needed. However, if any mem-
bers are named in a formation, we have
found that in most cases a complete sequence
of member names is desirable for both field
and report descriptions. In a few cases a
member of one formation is recognized as a
member in another formation in a different
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FIG. 4.— Patterns and symbols used in illustrations,
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area. Although the ranking of a unit may
change in different areas, we avoid the prac-
tice within Illinois.

Time-Stratigraphic Classification

The only time-stratigraphic subdivisions of
the Champlainian Series recognized in this re-
port are the Chazyan (oldest), Blackriveran,
and Trentonian Stages. The regional extent
of bentonites within certain members strongly
suggests that in the Champlainian Series the
formations and members are essentially time
units over a wide area. ldentification of the
rock-stratigraphic sequence, therefore, es-
sentially establishes an age relationship. As
time-stratigraphic units smaller than stages
would largely parallel the rock-stratigraphic
classification and would have to be based on
lithologic criteria, they are not needed.

Within the Mississippi Valley the positions
of the stage boundaries are traced more ef-
fectively by lithologic than by faunal criteria.
However, the stages are established on faunal
zonation, and the basis for placement of
boundary lines should be faunal.

Biostratigraphic Classification

A formal biostratigraphic classification of
Champlainian strata is not attempted in this
report. The classical zonation of the Minne-
sota sequence (Sardeson, 1897), based prin-
cipally on bryozoans, preceded an effective
lithologic differentiation and has been widely
used. Several faunal assemblages are well
known and are usually referred to by the
name of the lithologic unit, for instance the
Stewartville fauna. The disadvantage of this
practice is well illustrated by the Stewartville,
which has been redefined in some areas to
include a considerable part of the underlying
sequence previously included in the Prosser
and containing a Prosser fauna. To avoid such
confusion the naming of faunas for rock units
has been replaced by the use of fossil names
for biostratigraphic units. Biostratigraphic
classification probably will develop over a
period of years. In the transition period, to
avoid the appearance of approving the nam-
ing of faunas by rock units, we refer to the
“fauna of the Stewartville Dolomite.” Certain

abundance zones, such as the Pionodema,
Dalmanella, Prasopora, and Lower, Middle,
and Upper Receptaculites Zones, are men-
tioned frequently. Although the Receptaculi-
tes zones appear to be good examples of peak
zones, and the “Stewartville fauna” is an as-
semblage zone, the entire problem of zone
designation needs further study, and the term
zone is used here without specific assignment
to type of zone.

Selection of Names

An attempt has been made to retain long-
established names, and when changes consist
only of minor shifting of boundaries without
violation of the concept upon which the unit
was differentiated, redefinition has seemed de-
sirable. When the changes consist of differ-
entiation of new units, or major shifts in the
boundaries of old units, new names have been
applied. In such cases, redefinition is undesir-
able because (1) it causes confusion with the
previous literature; (2) new classifications
commonly are accepted in adjacent areas only
after long study, and confusion results from
contemporaneous use of names having differ-
ent meanings; and (3) it implies an over-as-
surance of permanence that is seldom justi-
fied. It is essential to recognize the almost
unlimited opportunities for discovery of new
evidence bearing on these problems. It may
be found that some units differentiated in the
past have greater significance than they are
thought to have at present, and in such cases
the old names can be re-established if not
hampered by endless redefinition.

FIELD TERMINOLOGY

Many of the common terms used in field
descriptions have had various uses, and a
brief statement of the usage in this study fol-
lows. Entirely consistent usage of rock terms
is not to be expected, but many samples have
been checked in the laboratory as control for
field usage. Patterns and symbols for various
descriptive terms used in the illustrations in
this report are shown in figure 4.

The term lithographic is applied to lime-
stone or dolomite that has no crystallinity
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visible to the naked eye. Such rock is dense
and commonly has a glassy appearance and
a conchoidal fracture. The term is synony-
mous with the cryptocrystalline limestone,
vaughanite, calcilutite, and sub-lithographic
of other writers. Lithographic dolomite is
rare.

Calcarenite describes a granular detrital
limestone, the fragments of which are mostly
in the sand-size grade.

The term chalky is applied to very fine-
grained, very finely porous limestone or dolo-
mite that resembles chalk or unglazed porce-
lain.

The terms fine grained, medium grained,
and so forth, referring to carbonate textures,
are intended to have approximately the same
size meaning as the equivalent terms in the
scale for sand-size clastic rocks.

Pure and impure are somewhat objection-
able terms but are convenient because no ade-
guate substitute has been found. We cannot
assume that the absence of limiting adjectives
—silty, sandy, and so forth—will be inter-
preted to indicate a limestone that is relative-
ly free from noncarbonate materials. Nor is
it always practical to apply the specific adjec-
tives defining the type of noncarbonate mate-
rial present. Pure and impure are applied
most frequently to limestones, dolomites, and
sandstones, and are used without precise
limitations, like most other field terms. They
refer to the presence and amount of finely
divided constituents that more or less uni-
formly dilute the major named components
of the rock. They do not refer to well segre-
gated, interbedded, or nodular minor consti-
tuents, such as shale or chert. Limestone and
dolomite called pure contain less than 5 per-
cent (and generally less than 3 percent) of
finely divided constituents insoluble in hydro-
chloric acid. Sandstones called pure generally
contain less than 10 percent of carbonates,
silt, and clay combined, and less than 3 per-
cent clay.

The clastic rocks are classified by grain
size, on the basis of the Udden-Wentworth
(N.R.G.) scale. The name assigned indicates
the grain size in which the median diameter,
determined by hand lens examination, falls.
The term claystone is used only for massive
indurated clays which are uncommon. The

well bedded indurated clays and silty clays
are called shale.

The term bentonite is applied to distinctive
beds of white to light gray, occasionally yellow
or orange, plastic clay. It is used as a broad
genetic term for clays that are thought to be
derived from volcanic ash. Other names,
metabentonite, potash bentonite, K-bentonite,
and Ordovician bentonite, apply to these
clays (Allen, 1932; Weaver, 1953). They
consist of a mixed-lattice clay mineral and
thus differ from the type bentonite of Wyom-
ing that consists largely of montmorillonite.
Many samples, including some from all hori-
zons where bentonite is reported, have been
checked in Survey laboratories, mainly by
R. E. Grim, H. D. Glass, and W. F. Bradley.
Exposures of bentonite are too abundant to
have analyses made of all occurrences de-
scribed, but the physical characteristics are
distinctive and identifications have been con-
sistently confirmed in the laboratory.

In places the bentonites contain, or are
replaced by, beds and lenses of a hard, pink,
fine-grained rock identified by x-rays as pot-
ash feldspar. The pink beds are believed to
have formed from bentonite and are accepted
as indicating the presence of bentonite. Weiss
(1954b) noted feldspathized shales in Minne-
sota.

A band of chert nodules is persistent in the
bed immediately below a few bentonites, but
is much less common than in areas where
bentonites are thicker.

The bentonites commonly overlie smooth
bedding surfaces that frequently are persistent
and recognizable in localities where bentonite
is absent. Locally, solution residues or other
clays washed into open bedding surfaces
resemble bentonites, but they lack lateral
continuity. However, some clays may be mis-
identified as bentonites, and probably many
thin bentonites and bentonite mixed with
shale or carbonate sediment have been over-
looked.

The bedding of sedimentary rocks is de-
scribed as follows:

Very thin bedded.......... less than 1 inch thick
Thin bedded......... from 1 to 3 inches thick
Medium bedded...more than 3 inches but less
. than 12 inches thick
Thick bedded ... from 1to 3 feet thick
Very thick bedded ... over 3 feet thick
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Laminations are abrupt vertical changes in
color, texture, or composition that are less
than a quarter of an inch apart and that may
or may not be accompanied by a bedding
break.

Massive is applied to any lithologic unit
that has no internal bedding breaks, regard-
less of the thickness of the unit. Thus a 2-inch
limestone layer might be described as massive
to distinguish it from adjacent units that are
well bedded or laminated.

Unconformity and diastem are both used
to denote breaks in the sedimentary record.
Unconformity is used only for those breaks
that are believed to result from subaerial
exposure. However, we may have breaks pro-
duced by extensive marine planation, and if
so we do not differentiate them. We suspect
that marine planation may be more impor-
tant in the development of overlaps related
directly to the major uplifts than is now rec-
ognized.

Diastem is applied to those breaks in the
sedimentary record where beds are missing
due to lack of sedimentation rather than to
erosion. They differ from unconformities in
that no withdrawal of the sea is indicated.
The recognition of a diastem frequently is
based on regional relations, but in many
places diastems are marked by lag concen-
trates that may be rich in phosphatic debris.
Minor diastems include bedding-plane sur-
faces along which a few inches of beds are
locally missing because of current scour or
because of solution before deposition of the
overlying beds. Because of their abundance
and minor importance these are not desig-

nated diastems in our descriptions. The term
is more useful when confined to breaks of
more than local importance and to breaks
where the absence of members or major parts
of members can be demonstrated.

GEOLOGIC SECTIONS AND
CORRELATIONS

Summary descriptions of 35 geologic sec-
tions which are the type sections of units
differentiated and named in this study are
given at the end of the report. Figure 41 is
an index to these sections. In order to include
more than 100 geologic sections of the Cham-
plainian strata, many skeleton descriptions are
given, omitting lithologic details. Skeleton
sections are practical only because the litho-
logic units are so persistent that the repetition
of detailed descriptions is not needed. Expe-
rience has shown that stratigraphers will have
no difficulty in identifying the units of the
skeleton sections in the field by their general
character, thickness, and relation to the top
or bottom of the exposure.

In the systematic descriptions that follow,
correlations with other states in the Missis-
sippi Valley are discussed with the Illinois
sequence. Correlations with the standard
section of New York State are mentioned
under the description of each formation or
member and are discussed more fully under
New York and Ontario in the section Re-
gional Correlations. With a few exceptions,
correlations with states in other regions are
given only under Regional Correlations.

Time Stratigraphy of the

ORDOVICIAN SYSTEM
Lapworth, 1879

The Ordovician System in |Illinois has
long been divided into four series, the Prairie
du Chien, Chazyan, Mohawkian, and Cincin-
natian (Willman and Payne, 1942, p. 51).
However, a three-fold subdivision of the
Ordovician (fig. 5), combining the Chazyan
and Mohawkian into one series, has received
general acceptance, and it more accurately

depicts the major time units in the Illinois
sequence. Therefore, the Ordovician rocks of
Illinois are herein divided into three series
for which the names Canadian (oldest),
Champlainian, and Cincinnatian Series are
accepted.

The use of the names Lower, Middle, and
Upper Ordovician Series is discontinued
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