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An Alternative %o the Cyclical Tﬂhory of
Pennsylvanian Deposition and Classification in

1 the Easiern Inteﬂior Province

i
By Gilbert H Cady
Ie The General Cnafacter of the Pennsylvanian Succession

The Pennsylvanian Sy%tem in the Eastern Interior Province
has a tobtal thickness in the oﬁder of 3,000 feete It consiscs of
sedimentvary rocks of great varﬂety and of at least 40 beds of coal,
‘most of which are generally less than 2 feet thicke Most of the ine
dividual beds composing the Coal Measures are less than a score of

MW,M coal
feet thick, but are fairly wide spread.'ﬁone,nowever, is known %o
extend uninterruptedly across the provincee A considerable number
of beds of sandstone,sandy snale, or siltstone may locally be several
\\times their usual tnickness, navfﬁuwthe form of narrow abruptly

¥ thickened lenses with relatively great longitudinal extension and

+

a more or less conglomeratic constitution at the bases These are
1l
1nterpreted as "channel" depositse

Altnougn individual Heds commonly ver y liunologically
Ceilaorny

L«&M an
& from place td ‘place, the persistence of speecisal characteristic

Heree
. of some beds over W1de areas Ws Pirer continuity—of lithe
i ds an impﬂrtqnt %Eéiﬁ ror the identitieabion-
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of certain individuel bed?/ outcrop, ¥ convinuous

Srsetiiy Su inpeseiiipe - uke S ates strikinglgfﬁﬁt%édfg? the
remarkable continuity of the bedded impurity in the Herrin(No.6)

coal bed known as the "blue band", the persistence of which greatly
alds in the identification of ahis béé. Similarly persistent arertne
lithological peculiarities of the earthy,dark-gray limestone cap-
rock of tnhis same coal bede Many other wmv/«@f]m
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examples /paﬁid be giveﬁ’of in&ividual ppdéﬁ miizﬁgkﬁ;ng’per-

lithologicv cnaracterlstics over wide 4reas of the

crmmmd, arsad e

- IX1inols coal’ba31n. Litholinc similarity has E:Z%-found

ot Gt
L, ab—Tee=b-feor suggestlve correlntion of beds =cross

:l.

nearly the extreme extension of the nrovxnce. an}xﬁiﬁﬁé y

" Frespectfic
Xhere is.considerable diver31ty in lith-

ologle composition of the fenneylvanlan bedséa‘manj possessing

b prepenea®s
some me=sgire of 1ndividuality, nevertheless they—ean—be—con-

ventently m;l}ed-into about 10 general i e of strata,
W)Wun«w@mw&

vis,.s 1) san stone, sandy shale, or siltstone; (2) clay-lime-

o eé_
‘ stone {fresh-water limestonem (3) slip-fracture clay, (undey; : %
© o layswithegstlels: Coal § m\ww\smﬁ*\m\ﬂh- L Shales;(1) non-warwe, &uss\\\{‘vuS(}h\\),qv»,. Sonfpstre ot wukp 'f
clay); (4) coalj (5)~ fine-grained laminated shale ("soapstone"); ;
s v vwpure, Lavmaited sm\\wd- e (.WM""L) S shale(® "‘mﬁ"“"“"“\f“"& g
(6)hméé?%aytfmp e Pimes - ‘one | '?se cap-rock™); (7) black . -
R Bhmsotna (3); bure K very . Y
w~well laminated,ususlly—£ieside, shale) t'slate"]; (8) marindé 2
vadn, wsedly farrlyblodiy avh so\u\ ) vaXaeor rasdy welbesded hu'\’mshu&\ s0, fossdifurons ybaprock” 3
limestone ("eap-rock") of varying de.rees of purity; and (9)shale®) 3
mwme_’ ?\“{,Akﬂgt\,\a&)\g 1r‘~3,u(mll> Whwahheny wpwerdy 'ua:
blaeck Lo ~%¥8§@m8¥%39m8h&%63 conmoniy-besoming. :5
coarser and less definitely ﬁarine 17 b absSetng—a—bii-olkness -;
Facde Thus t\e‘nm\ttm’ﬂq\ \quoves strala r‘ nit uncemwmm recurrenee .g

.‘ iy

of 15 to 20 feet or more.. that
‘ W&\Xe“q,m\q,u“_ wtmm*'uw-dh‘ma& st W '

cannot be placed in one or other of these categories.
o

more ks has been frequently pointed out by other writers,

these various elemert s of thé succession are ﬂ@mmﬂ&ﬂﬁg

lesst apparently,wgmged ip the sequence as listed abov;{ %MMIM
This sequence of ;edéplggﬁcéEying completéness) appears to be

repeated meny times withim:the Pennsylvanian system 1in the

\
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Eastern Interior Province. |
The character aqd tnickness of these sedimentary

fe vonal
sequences are not uniform bhroughout he Penns,lvanian syqtem/}”
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In certain parts of the successioﬁ’several coal beds will lie relat-
ively closely spaced and e;sewhere the coal beds are much more widely
separated, Where the coal beds are widely spaced a large proportion
of the intervening material consists of sandstone and s andy shale; on
the other hand,in pérts of the succession where the coal beds are
relatively closely spaced sandy ﬁeds will usualggfwgraabsent.o:uxaiﬁb
thin, Iq such places the strata Separating the coal beds will con=-
sist of shale and limestone ( beds 2 to 9) with the upper shale
(9) wedhiay of abbreviabted thigintesss

The sandstones or sandy shale beds (1) exhibit the
greatest but not the only importaﬁt irregularity in the fennsylvan-
" ian succession in the Eastern Interior ‘rovince, The predominating
stratigraphic relationship of successive Pennsylvanian beds is that
of conformity. In contrast with this common relationship is the
~irregular contaqf/ that commonly exists at the base of each successive
.sandy member (1), These sandy strata may grade conformably into
less sendy shales below|(9) without evidence of a sedimentary hiatus,
}but whenever the sandy membeg)cons1sts of sandst one ratle r than of -
-sandy shale, and in places even when it consists of sandy shale, ‘the
contact is usually abruptfand the contact surface irregular, not un-

wm place vven

commonly cutting across the bedding of the underlying st: ‘ata to a con-
siderable depth, truncating such strata, thus displaying unconformable
relationéhips in text-book fashiO#.

In the Eastern Interior frovince none of these "sub-
sandstone" unconformities is known to ££%-sufficiently widespread
to have been generally regarded as diastrophically significant and
as a suitable basis for the stratigraphie subdivision of the Pemn=-
sylvanian system, On the other nand, until relatively recently this

system in this province has generally been regarded as representing
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essentially interrupted and continuous deposition, Subdivision

of the system into groups has been largely a matter of conven=-
ience and vefewenee primarily for the purpose of establishing
a stratigraphic classification correspﬁnding to afm
arbitrary earlier classificati on of the system in the Appalachian
JL“rovi.nce‘.l Classification in nmeither area has been possible
on a dlastrophic basis because of the essential continuity of
the depositional record". Modification of the grouping and
boundaries in the Appalachian Frovince might be expected to be
followed by corresponding modification in the Easterm Interior

Guen

Province, unless diastrophic basis for separate classification

is discovered.

)
Bul other strakigeaphre sevesularcities ocewr wiadddviow Yo the one atthe base ofthe sadli«t»g,
A Considerable irregulsrity sdse characterizes the dis-

tribution and occurrence of the fine gray shale ("soapstone ")
(5) which in placesm;:ife"-e;%etween the coal bed (4) and the
black shale ("slate") (V)W‘gg;m:mly present as one of the"roof’
elements in the coal mines of the province., This shale (5)
locally called "soapstone" or '"white-top", is distinetly lentie~
ular in its general depositional form ow{:x; to its dismember-
ment by some erosional agencye It appears to have been quite
commonly the first msterial to have spread overvthe coal bed
and in general to be of non-marine origin, Certain of the small
bodies of "soaps$ one" were very definitely the filling of small
depressions or channels in the surface of the peat depos:i.’t:..L
The occurrence of plant fossils above coazl beds is glmost entirely
restricted to oecummsmess~or thils shale (5).

The grey shale (5) attains thicknesses of 25 feet or

more in places over some co-l beds, and the width of the shale

-
body may be several miles, This is the case above the Harrisburg
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(Noe85) coal bed in central and eastern Saline County, and also
arove Herrin (No.6) coal bed in the Franklin-Willismson counties
mining distriégi In other places the gray shale lenses may be
bnly a few feet wide and but a few feet thick at the center of
the lenséi In some instances the deposition of the gray shale,
was started before the accumulation of the coal had ceased,so
that it occurs as lenses in the upper part of the coal ba&{

The "false cap-rock" (6) commonly designated by the
miners by a much less dignified name, appears to be little more
than a Ve¥yccalcareous variety of shale commonly known by the
miners term "clodqi Because of its greater "lime" content it
is somewhat stronger than clod; on the other hand its highly
argillaceous content results in a rock considerably weaker than

‘most cap-rock limestone, This "false éap-rock" appears to be

more characteristiecs of some coal beds than others, but observa=-
by the writee avna @i ararvalo

. tions show that it is a relatively common element in the strati-

‘graphic sequence, It has been seen sbove a number of coal beds,
so that identification of a coal bed on the basis of its assoc-
iation with a "false Gap-rock" type of limes one is scarcely

© Rewnde Fouﬂd\ *o be
Justified, It 1is usually4discontinuous in distribution, -

The blaek shale ("slate") (7) and limes one cap-rock(8)
next in the sequence above the "false cap-rock"(6) may lie
directly upon the coal bed (4))for beds 1intervening in the typ-

Gcruaiyg be Seewn 1m mines or in ou‘}craP b )
ical sequence are commonly absent, and they maykoverlap the
lenses of gray shale (5) and"false cap-rock"(6), when-these—are—
prosens, When the bodles of gray shale ars broad and thieck, so
™ mi ;
that falls of roofkdguhot extend to the top of such shale layers,
the continuity of the black shale and cap-rock over such lenses

B e = aamaa )
cannot always be dsmonstrateii_ However, above certain coal beds




- 6 -
as,for example, the Harrisburg (No.5) coal bed in Saline County,
The recocas of dvil\ Boles and sfshafis show et
the black shale (7) and cap-rock limestone (8) elements of the typiexl
‘succession are not present where the gray shale (5) is thick,
glthough they are known to rise on the flanks of the shale

lense.
II. The cyclothem or cyclical formation

a{W !
The cyclical theoryﬂas applied to the interpretation

of Pennsylvanian sediﬁentary sequence has become more than
simply tﬁé recognition of a cyclical sequence of deposition. The
cyclical arrangement has become invested with important dias-
trophic significance, Each repeated sequence, cyclical forma-
tion, or cyclothem‘is regarded as a stratigraphic unit theoret-
ically possessing a standard quota of typical components con-
sisting of the nine elements listed in an earliér paragraph (p.2),
with unconfromable relationships at the top and bottom. Each
cyclothem is a formational unit,definitely isolated,owing to
diastrophic changes, from preceding and succeeding cyclothems,

A correlation of sedimentary expression with diastrophic
events is welcome ags an explanation of the gdepositional events
of any geologic period; It would be particularly welcome as an
explanation of the sedimentary history of the Pennsylvanlan period,
because the strata of this time have in general been unresponsive

deXa\ed Cov\sr,q\nvd'\j
to rational organization. The cyclical concept has been widely

arggggﬁgggwgghgﬂgﬁtisfactory basis for the subdivision and classifi-
cation of the Pennsylvanian succession in the Eastern Interior
Provincee HOwever, the existence of relationships not in agree-
ment with this concept cannot be regarded as impossible in view

of the 1limited extent of observation permitted by outerops, mviewo

The resteicled avea o%o\;sevvadnow wyp o whieh Yhe vwidtal ennuneation 4H‘L“é“3

wﬁ,%auiﬂ
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andA the necessity of substituting inference for observation ;{,,.,,
Mo
over much of the coal basin where the arrangement of beds is re-
vealed onlylby cores, drill cuttings, and logs of drill holes,
%Eﬁén stratigraphie relationships observed in outcrops are not
how much move 1sbnas hikely o be True of when data ave dviers' loge

always similarly interpreted by independ:§§S§§servorsA

So long as considerable uncertainty/concerning the strat-
igraphic relationships within the Pennsylvanian System of the
Eastern Interior Yrovince, it is important that a variety of
working hypotheses be maintained in explanationodéfithe relation-
ships observed. The discussion that follows brings into the
field of consideration g concept- of stratigraphic | relationships
within the Pennsylvanian System that has developed from the
writer's observation and study of the Pennsylvanian succession
and gis dissatisfaction with the cyclical formation conecept
agﬁf“ﬁ%fﬁﬁﬁﬁg“%f the stratigraphic perplexities of the Pennsyl-
vanian System in the Middle West,

III, The nature of Pennsylvanian sedimentation in

the Eastern Interior Province

The existence of numerous similar sequences of strata
does not in itself establish the ekistence of cyclical formations
or cyclothems, The existence of repeated sequences is a matter
of observation; the éxistence of cyclical formations or cyclothems,
on the other hand, is a matter of interpretation and rationali-
zation based upon premises, which in turn may be a matter of
opinion rather than a matter of fact, The interpretation that
will be placed upon repeated sequences as a classification unit
stems from the particular philosophy of Pennsylvanian sedimenta-
tion that is favored. This philosophy will be established not
entirely by the order of sedimentary sequence but also by



other relationships existing within the Pemnsylvanisn depositional
area, The general nature of Pennsylvanian sedimentation in the
interior and Appalachian provinces is therefore of great im-
portance in developing an acceptable interpretation of the course
of fennsylvanian sedimentation.

Although at presenﬁ the various interior provinces of
Pennsylvanian beds are isolated from one another by intervening
areas of older rocks,continuity of these ® ds was probably general,
at least during = considerable part of Pennsylvaniesn time, The
isolation of the different provincqs is the result of post-Penn-
sylvanian deformation and erosion., The present basin-like struecture
and form of the Illinois coal field is very largely post-‘ennsyl-
venian in date of origin and the pattern of areal distribution
of beds, particularly beds of Carbondale and Mc*e ansboro age ié\MﬁW”{
determimed by erosional rather thai{if"%}mﬁgpositional limitations,

The interior Pennsylvanian depositional area appears to hav e
been extensive, eﬁ%gﬁg?ng from the Appalachian region on the east
to Kansas, Oklahoma, and Nebraska on the west, Marine conditions
usually prevailed in the western interior province: @ and farther
west, whereas 1in the Appalachian province terrestrial, shéllow
watﬂér, mainly non-marine environment was the rule.

The intermediate position of the Illinois Pennsylvanian
area between the Western Interior and Appalachian provinces wsas
of prime importanceyin determining the depositional sequence,
'In the former province limestone and shale are the predominating
components of the succession, with coal beds relatively few in
number but very widespread. There are few sandstone beds and .
these are predomihately of the "channel" type. In the Appal-

achian Provinece, in contrast, sediments were predominantly




sandy with limestone beds relatively rare, Coal beds,on the
other hand are relatively numerous, many being of limited ex~-
tent, and bifurcation of coal beds is not unkown.

Because of the intermediste position of the Eastern
Interior Province in the Pennsylvanian depositional aresa, the
character of Pennsylvanian sedimentation varied from time to
time as conditions dominant in the adjacent provinces alter=-
nately prevailed in the intermediate region. Conditions favor-
~ble for plant growth and the sccumulation of plant debris
existed more frequently in the east’ﬁga in the west,hence many
more coal beds are found in the east. On the other hand lime-
stone deposition was more frequent in the west than in the east,/
However, certain coal beds =nd certain limestones appear to
have had very wide distribution extending very widely across ;
the depositional area repr sented by the three provinces,

The sedimentary sequence in the Appalachian frovince
does not display a characteristic cyclicalcgzgzzgze such aslémf
found An the Pennsylvenian succession i; the Illinois basin
because of the usual absence of marine beds, The strata con-
sist in general of sandstone, sandy shale, and coal beds, the
latter usually having an underclay; generally black shales or
"slates", limestones, and calcareous shales, so cormon in the
Eastern and Western Interior provinces are lacking,

Yrovince the succession

In the Western Interior
is somewhat more varied and a cyclical arrangement 1is more
in evidence 1inasmuch as marine limestones ané‘shales, black
"slates" .coal beds and underclays are commonly present, The

presence of even three varieties of strata provides a better

basis for establishing a preVailing order of sequence
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than 1s provided by a simple alternation of two general types
of beds - sandstone =and coal such as is generally found in
the Appalachian Province,exzcept along the northern msrgin
where there is a greater variety of strata, The Illinois coal
field ocecupying an intermediate position between an area

in which sediments were predominantly marine and one in which
they were predominantly non-marihe, as a result was character-

ized by a transitional or intermediate type of depositional

brtesddona
30-gUORee.

Predominant among the eastern type of sediments are
sandstones and conglomerates, particularly the quartz pébble
conglomerates of the "Pottsville" type, Of next importance
are probably the coszl beds, which in the East are prevailingly
of low sulphur and relatively low ash content. Furthermore
many of the cosl beds are of relatively limited extent, and
the splitting of beds is not unususl, TUnderclays, commonly
refractory and true fire clays underlie many of the coal beds,
and in the base of such clays the stigmaria type of sandstome,
or ganister sandstone, is of common occrrence, Where the coal
beds are not overlain by sandstone, fine textured gray shale,
often containing plant fossils, is the roof material, This fine
textured shale may grade upward into a sandy shale and them into
sandstone, or it may terminate abruptly at the base of coarse
"ochannel" type sandstone mass with an uneven lower surface. This
is the general character of the Pennsylvanian succession in south-

eastern Kentucky and Tennessee in the heasrt of the Appalachian

Provincee



In the Western Interior Province of Kansas and
Missouri the succession consists predominately of shale
and limestone, with relatively thin beds of coal,benesath
which there are usually underclays!,usaaiiiymore or less
calcareous and non-refractory. Intervening between the
coal beds and the limestones there are usually black
carbonaceous shales not uncommonly with a fissle structure.
Sandstones are the exception but such as occur are likely
to be of the "channel" type. In the basal part of the under-
clays there is.commonly a concentration of calcareous matter
forming the underclay type of limestone commonlgf;njustifiably
designated as "freshwater" limestone,

Evidence points to the probability that coal beds
present in the western province are the continuatioﬁ of beds
found in the Appalachian f;ovince. It is reasonable to believe
that if land conditiongf%églified to support forest growth
existed in the part of the depositional area where marine
conditions predominated, they must have existed on the iandward
borders of such areas, On the other hand the existence of
land conditions at any time within the Appalachian province
does not carry the converse implication that land condition
continued westward into the marine provincee.

It is equally reasonable to believe that marine lime-
stone beds found within the Pennsylvanian succeséion of the
‘Appalachian Provinece were probably more or less continuous
with marine beds of the westérn province, In both cases,
however, it is difficult to present actual proof of original
continuity or even to establish precise correlations because

of the complete dissection of the original depositional area
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into a series of disconnected basinse.

There are at least two ways in which the transitional
relationship of the Eastern Interior Pennsylvanian Province
with respect to the marine and non-marine depositional provinces
to the weét and to the east respectively is manifesteds

1) In the lower ("Pottsville") Pennsylvanian beds
of the Eastern Interior frovince represented by the Caseyville
and the l@ér part of the Tradewater groups the succession at
least in o uthern Illinois is characteristically Appalachian
in character, The strata in general appear to be non-marine
in e§2§§§£er,- sandstones, quartz-pebble conglomerates, gray
shales commonly with plant fossils, and coal beds, the latter
being characteristically lenticular and hence of limited areal
extent, Black "slates", limestones, and marine shales are
present, if at all, only locally. Undoubtedly while these beds
were being deposited in southern Illinois shales were being de-
posited 1in the marine areas of deposition farther west, but &at-
tempts to correlate individual beds of the non-marine en-
vironment with individual beds of the marine depositional
area must be regarded as highly speculative,

2) At about the beginning of Allegheny (Carbondale)
time conditions 1in the Illinois basin seem to have changed
somewhat and the marine, highly calcareous waters of the western
sea began to have relatively frequent access t0 the eastern
depositional area across the present position of the Eastern
Interior Province and the Illinois coal field, From the time
of the deposition of the Seville limestone, the cap-rock of
the Rock Island (No.l) coal bed conditions favorable to marine

limestone deposition appears to have prevailed within the Ill-
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inois basin, at lea t% for short periods of time, whereas at other
times the depositional eviromment was non-marine and of the Appa-
lachian type. In general it will be found $hat when sedimert s represent-
ing both types of environment of the same depositional @ riod are
present in the Illinois co-1 basin, those of the non-marine type will
be fod}d in the eastern and southeastern part of the basin and those
of the marine type in the western part.

This vaeriation in the character of beds across the Illinois
coal ba n is attended by a regional thickening of the Pennsylvanian
system in the direction of the major source of the sediments, that
is to the south and southeast, Such thickeniﬁg should not be ascribed
to the effect of the Illinois basin structure, since this is not an
initial depositional form, The component beds within the Illinois Basin
are truncated on all sides and originally extended to an ﬁnknown dis=-
tance beyond their present aresl boundaries, probably in continuity
with beds in adjaeent provinces to the east and to the weste.

Should this picture of the depositional relationships within
the Eastern Interior ‘rovince be even approximately correct interest
attaches to evidence of the possible manner of interbedding of the
marine and non-marine elements of the succession,

For any relatively small unit of the Pennsylvanian successim,
the stratigraphic boundaries of which are definitely defined for a
considerable part of the depositienal area by widespread beds, it
can be assumegh7§here was essential contemporaneity of origin for

this particular group of strata within the specific larze area,

The position of the Herrin
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(No.6) coal bed and that of the La Salle (No.2) coal bed
is re=sonably well established in both the Eastern and
Western Interior provinces in Western Kentucky, Indiana,
Illinois, Iowa, Missouri, and Kansas, Within this strati-
graphic unit the position of the Harrisburg (No.5) coal bed
can also be widely, traced; so that the larger unit can
readily be subdivided into two well defined units, each of
which is a relatively small part of the Pennsylvanian succes=-
sione Together they comprise the upper part of the Carbondale
Group as recently definede

There is undoubtedly a progressive increase in the
thickness of +this part of the Carbondale Group from west to
east across the western and ea-tern interior provinces., In
the west the succession includes relatively little sand-
stone except for "channel" sandstones such as have been
described 1in westerm Illirois and eastern Missouri, whereas
in southeastern. Illinois and western Kentucky there is much
sandstone and also more numerous coal beds than are found
farther weste Inasmuch as this was one depositional area,
" as is indicated by the widespread extension of at least three
important coal beds, it is reasonable to belie¥e that the
two kinds of deposition were essentially contemporaneous and
sk that here and there there was overlapping and inter-
fingering of depositional faciese This possibility pro-
vides a Dbasis for the interpretation of the stratigrsphic
sequence of ‘ennsylvanian beds at variance with that implied

by the recognition of cyclothem formations or cyclothems,



The sandstones and an intermediate coal bed No,5A
lying be tween the Herrin (No.6) and Harrisburg (No.5) coal
beds in Saline and Gallatin counties, Illinois are repre-
sented by limestone and marine shales farther west in
Randolph Counyy , since so far as can be observed, deposition
was continuous in the latter cothy. The sandstones are not,
therefore, correctly regarded as fundamentally separate
phases of deposition reflecting peculiar diastrophie events,
They are not truly cyclical in character but are of geographi-
cal or Tfacles significance,.

The assumption that becsuse the sandstones of the
fennsylvanian System are characterized by an uneven basal
surface the successive sequences must therefore represent
diastrophic formational units 1s unwarranted i1f the succes-
sion 1s complete and continuous in loecelities where only
the marine type of deposition prevailed, To establish cyclo-
thems as valid formational units prfof must be advanced
of unconformable relationships between successive layers in
the marine sequence at positions corresponding to those of
postulated unconformities in the transitional type of suc-
cessianiyas herein described.

Besides the concept of unconformity that is im-
plied by the cyclothem arrangement there is the further
assumption , of doubtful validity, that the sandstone member
and its accompanying unconfovpmgble relationships to under-
lying beds glways occupies the same position in the repeated
sequence, It mgy be poined out that the sandstone,coal bed,
and intervening underclay in the eéatern depositional area

always occupy the same general relastive positions. The sand-



stone and underciay appear to be the natural foundation of
a coal bed =2=nd such surfaces seem to have been formed with
much greaster frequgncy in the Appalachian region than in the
interior provinces, and at times to have extended westward
into the region characteristically dominated by marine en-
vironment with mud and limestone the prevailing type of sedi-
mente Thus tongues of sand, and beds of vegetable debris
accufiulated upon such sandy layers, from time to time extended
westward and northward into that part of the depositional area
where marine conditions usually prevailed, taking the place
of deposition which otherwise would have consisted of mud or
limestone, The fact that beds of coal are characteristically
underlain by a sequence of underclay and sandy beds gives the
resulting sequence the appearance of cyclical order, whereas
it may actually be an abbreviated sandstone=-coal sequence
intercalated within what would elsewhere be regarded as a
standard cyclical sequence of larger stratigraphic scopee

This point may be illustrated by returning again to
the variations in the succession between Harrisburg (No.5)
and Herrin (No.6) cosal beds in ® uthern Illinois, In ® utherh
Gallatin County and in adjacent parts of -aline County these
two coal beds are separated by from 100 to 125 feet of strata,
The intervening rocks, if interpreted from the standpoint of
cyclical classification , appear to consist of two complete
depositional sequences., On the cyclothem basis one complete
and two partial cyclothems are represented - the upper part of
the No.,5 cyelothem, the No.,5A cyclothem, and the lower part of
the No.,6 cyclothem, The cyclcthem sequence in each case 1is

essentislly complete except that the clay-limestone member(2)
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is likely to be represented by a ganister-iike"stigmarian"
sandstone,

In western Willismson County and farther west in
Perry and Randolph counties the interval between the No.5 and
No.6 coal beds is reduced to 25 feet or less, and the succession
consists of black shale (black"slate") above the No.5 coal
bed, limestone cap-rock, gray marine shale, underclsy con-
taining elay limestone, and the underclay of No.6 coal bed,?hére
is no indicatlon of the presence of No.5A coal bed,excep}émw;iﬁ?’ry
locally, and no sandstone, and no positive evidence of uncon-
formable relationships between successive strata,

Thus, within 2 distance of 2bout 25 miles ths suc-
cession changes remarkably between N6.5 and No.6 coal beds
owing to the fact that the non-marine depositional province
at certain times extended into but not entirely across the
southern end of the Illinois coal bzsin,

If the writer understands the implications of the
cyclothem theory correctly the No.5A cyclothem if it is
absent in Perry and Randolph counties , should be represented
Bt least by an unconformity. Therefore the shale limestone
sequence to the west should display evidence of at least
one and possibly two unconformities,- one representing the
base of the No,6 cyclothem and the other the base of the No,.

BA cyclothem.Actually the deposition appears to have been
uninterrupted and continuous. It appears,therefore,that

while a considerable thickness of sandstone and a bed of coal
accumnlated to the east, limestone and marine shalé accumulated

in a marine environment to the west,



The outcrop of these strata is discontinuous across
the transitional belt and the critical positions may be con-'
cealed, but at any rate iﬁ has not been determined at just
what horizon in the shorter succession coal No,5A and its
accompanying cyclical group of beds are interposed. In view
of the absence of unconformable relations between beds in
the shorter succession it is not apparent how the additional
beds can be interposed 1in a manner consistent with the cyclo-
them concept of formational units, 1@33@& it seems spprop-
riate to inquire whether the position of the non marine beds,-
sandstone (1), underclay (3),coal bed (4), and "soapstone"(5),
conforms to any fundamental rule with respect +to the position
in the series of marine beds in which they will appear,

The sandstone~coal non-marine facies of deposition may be
more correctly pictured as shifting bask and forth across the
transitional or intermediate depositional area in such a way
as to interrupt the marine deposition at any place. Whenever
such marine deposition is interrupted the proponents of the
cyclothem concept declare that a new cyclothem 1s constituted,
whereas possibly only a little distance farther west no such

interruption took place and marine deposition continued uninter-

ruptedlye

In the Western Interior Province coal beds although

relatively thin are very widespreead and because such beds are

relatively few in number they provide the basis for relatively

few cyclical formations having similar sequencees If such

index coal beds are traced eastward it will be found that

more end more coal beds and associated sandst one layers inter-
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pose between the successive index beds, and yet the continuity

of deposition where the succession is more abbreviated indicates
that the time represented by several ecyclothems in the eastern
part of the depositional area may be represented by a single

cyclothem in the western part.

The critical consideration in evaluating the cyclothem
concept of the stratigraphic classification of the Pennsylvan-
ien system in the Interior Province is the validity of the
unconformity between successive sedimentary sequences, If the
unconformities are real and of the conventiohal type a basis
for di-strophie subdivision into formations exists, otherwise
some other interpretation may be more correcte

Undoubtedly wherever channel types of sandstone layers
are present their undersurfaces lie unaccordant upon the beds
below, Not uncommonly such unaccordance is impressive cutting

including
across several beds,/even limestone beds, to a depth of 50 to
75 feet or more in extreme cases below the position of the base
of the sandstone. at points either side of the channels In general.
however, the transverse dimension of such channels is relatively /
small, that is in the order of a mile or less, and they actually
compose only a small part of the total area of the sandstone layer,
Whenever occasioénn calls for demonstration of the stratigraphic
relations of the sandstone elements of the succession attentlion

intrinsieally

is almost surely to be directed to the morqlinteresting situations
where channel conditions prevail rather than to those or regularity

and conformity. Yet it i1s doubtful whether the more conspicuous

unconfonmable relations of the channel phases of the sandstones




of
with underlying beds may reasonably be regarded as(lessZsignif-
icance diastrophically than the more widespread conformity
of sandy beds with underlying beds elsewhere than in the

channel areas,

A coﬁventional diaﬁrophic unconformity at the base
of each Pennsylvanian sandstone 1implies that a period of up~-
1ift and erosion marked the close of each depositional period,
This was followed by sedimentation in the valleys and their
eventual complete fillling as sandy sediment buried both the

valleys and the intervening watershed between adjacent valleys,

Certain implieations derive from such a course of
events: Erosion wo:1ld be greatest in the valley tracts, but
the uplahd watersheds would be longest exposed to weathering
and to accessibility to plant growth, In view of the wide
prevalence of vegetative growth during and throughout the Penn=-
sylvanian period it is ressonable to believe that plants
probably w uld have invaded any land surface very rapidly,
However, éven if conditions favoring the'preservation and
accumulation of the products of plant growth did not exist,
the surfaces which were exposed should display soame evidence
in the nature of fossil soils that there had been plant growth,
The stratigraphic implications of unconformity of the conventional
diastrophic type are such that proof is required not only of
widespread erosion or angular contact of successive depositional
groups but also of erosion, weathe ring, soil formatiom, or
peat accumulation on intervalley surfaces before the faect of

such unconformity can be accepted unreservedly.



Furthermore, the cyclothem theory postulates alternating
positive and negative displacements of the shore line of such
a nature that the effect of each negative movement (sea invasion)
exceeded the effect of each preceding positive movement (sea with-
drawal), Thus whereas the sum total effect was that of progres-
sive subsldence, the progression was accomplished by emergences
of relatively small scope which were always followed by submerg-
ences of somewhat larger scope. Hence the coal bed of any cyclothem
was always vertically higher than the coal bed of the preceding
cyclotheme, It might _and probably would have been otherwise had
thlis see-saw type of movement actually taken place, for it is
not apparent why, nor does it seem probable that, the amount of
submergence should in every cazse exceed the amount of preceding
emergence in view of the many times such movement would have had
to take place.

At least untll recently, the explanation most commonly
advanced for the channel sandstones and their accompanying
unconformities interpreted them as the equivalent of river
channel accumulations formed in the distributaries of streams
on deltas or sub-montain alluvial plains, Deposition of sediment
in a periodically subsiding area would build up alluvial |
areas at or near sea level during periods of comparative
stability which were probably long continued, Across such plains
rivers, or even marine currents if the surface lay slightly below
sea level, would be forced to shift masses of relatively coarse
sediments, cutting and filling almost simultaneously in the finer

sediments below, Such channels might very well extend consider-

ably below the base of deposits of the same age accumulating

outside the channelse.



The depositional interrelationships of the eaatern, non-
marine, and the western,marine, areas of sedimentation are not
readily understood Dbecause of the incompleteness of knqwledge
concerning the distribution of variations in Pennsylvanian sedi-
ments throughout the depositionsl area, It would be presumptious
to regard any theory of Pennsylvanian stratigraphic classifi-
cation as more than a working hypothesis in view of the many
uncertainties of information. However, it seems evident that the
two depositional areas represent contemporaneous facies of sedi-
mentation,

There is evidence,likewise, that at certain times the
sha e line moved far westward and that at such times immense
spreads of low lying land were occupied by forest growth and
forest swamps where forest peat accumulated, The stratigraphic
interrelationships between the eastern and western depositional
provinces must be‘read in the record of sedimentary rocks that
followed these periods of peat accumulation and terrestrial
environment, each of which appears to have been followed by the
return of m-rine waters over more or less of the area which

had long been land.
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', With> the cessation of plant growth or sometime thereafter
there usually followed in the eastern part of the depositional
area in each case the deposition of fine mud, silt,or sand.
Apparently, as would be expected the coarser sediments lie nearer
their source in a more landward position, In the western part of
the depositional area the initial sediments, after a period of
orgenic accumulation in the nature of peat, consisted o;;giack
mud. As subsidence proceeded the black muds advanced eastward
but did not continue any great distance over the previously de-
posited gray shale and away from the coal bed from which
appa.rently it derived most of its carbonaceous content., Hence the

black shale or "slate" is not likely to continue across bodies

of relatively thick"soapstone".

In the eastern part of the depositional area the gray mud
#hitk¢ gradually becames coarser and sandier until the prevailing
material consisted of sand, In the seaward part of the area
the material deposited consisted of increasing amounts of
calcareous debris .- derived from mabine fauna., Such deposits
generally continued eastward as far as did the pr ceding
black #ud deposits, but in general did not overlap the black
shale =2nd extend onto the area in which the zray mud or soagp-
stone was the prevailing type of deposition. It seems probable,
therefore that the period of gray shale deposition in the eastern

’ period of

depositional area was essentially contemporaneous with the black
shale and limestone deposition in the west, Subsidence apparently
essentially came to anP/énd after the deposition of the cap-rock
limestone, with the result that the succeeding deposits consisted
of sandy beds representing the gradual extension of river and

lagoon prevailingly fresh water deposits outward into the
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marine portion of the depositional area,

Within the ezstern depositional area clastic sediments
usually alternated with peat accumulstions, but the peat beds
were not in all cases nearly coextensive with the depositional
area, There were streams carrying sediments seaward which
expended the delta-like depositional area until an extensive
surface at or nearly at sea level was formed upon which plants
and forest swamps could be widespread, The amount of filling
regaired-in the area of marine deposition necessary  to restore
conditions that would permit extensive plant growth depended
largely upon the amount of subsidence which brought an end to the
various periods of widespread forest swamps, Actually at certain
times the amount of subsidence appears to have been relatively
slight and the required amount of sedimentation also relatively
smell, Hence several widespread coal bed may lie relatively close
together, as in the case of the coal beds near the top of the
Carbondale formation, On the other hand such periods of successive
subsidences of small dimension were followed by a more imposing
subsidence, and the suBequent thick blanket of sediments con-
gisting largely of sandy muds and sands.

This picture is one which implies essentially contin-
uous deposition within the depositionsl area with the possibility
at least,of peat accumulation taking place continuously at some
place or other o Only occasionally did conditions favor extensive,
widespread continuity of the Pennsylveniasn forest swamps,possibly
less than a score of times, At such times the sequence of events
was essentially the seme in areas where the record of events is
supplied by either tle marine or by thq non-mgrine type of sedi-

met s o+ In the interme/iate area represented by the Eastern




Interior Province greater irregulerity obtains  because of

the Intermittant overlapping of the sedimentsry provinces,

Two depositional facies osciliated back and forth
across the transitional zone of the Eastern Inberior Province.
Sedimentation or peat asccumulation seems to have been essentially
continuous in both marine and fresh water or terrestrisl aresas
and the boundary between the two depositional provinces to have
been continually shiftihg back and forth, Hence the interfinger-
ing of the sandy facies into the beds of the marine facies may
have tasken place at any position,

In the eastern province each period of sandst one accum-
ulation seems to have terminated in a peat deposit or at least
a "coal hroizon", This arrangement provides the only basis for
separating the eastern succession into individual sedimentary
unitse The extension of certain of the sandy layers and the
overlying associated coal beds westward, in a few instances far west-
ward,provides the only really substantial basis for the postula=-
tion of a "eyclical" sequence, All other beds, except for the
non-marine shale or "soapstone" that overlies the coal beds in
many places, are marine. Wherever such non-marine beds includ-
ing the coal bed, interrupt the marine succession the effect of
a cyclical sequence 1is produced by the mere fact that non-marine
beds of a fairly def inite type are succeeded by marine beds.
Accordingly a continuous,that is a conformable, mazrine succession
made up of several components may be sepattated 1into two or
more groups of marine beds because of the intercalation of one
or more sandstoné‘énd coal bed groups. There seems to be no rule
which determines in which part of a marine sequence the additional

non-marine beds will appeare The intercalsted non-marine beds
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must have been deposited or accuﬁulated contemporaneously with the
marine beds deposited a short distance westward.

In the desire to establish the existence of diastrophiec
friomational units the proponents of the cyclothem concept of Penn-
sylvanian stratigraphic ciassificatiOn have assigned to the sandy
non-marine beds a position harmonizing with the implications of the
hypothesis and providing a basis for the conventional sequence, It
is sugge sted, however, that the supposed conventional position of
the sandy beds is only apparent and that departures from the con-
ventional order, commonly eXplained by local omission of certain
elements, are sctually indicative of the irregular,unsystematic

oscillatory relationship between two parts of the depositional ares,

It is fully reglized that the concept of Pennsylvanian
sedimentation herein proposed lacks the convincing naive simpiicity
of that theory which orgsnizes the Pennsylvanian system into groups
of diastrophic formations composed of similar beds similarly ordered,
The concept of cyclical formations reduced problems of Pennsylvan-
ian stratigraphy to an alluring pattern of classification that
attracts acceptance of those not too critical of conflicting details,
However, there are those familiar with the complex composition of the
Pennsylvenian sedimentary succession who are unable t0 read in the
record of the rocks that simplicity of organization demanded by the
cyclothem concepte They doubt the adequacy of the evidence to support
the diastrophic implications of the theory, preferring to believe that
the sedimentary record is one of brogressive periodic subsidence; they
are also impressed with important exceptions to the sedimentary sequence

declared to be standard; and finslly they regard as significant
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the intermediate position of the Ea tern Interior Province between
and area of merine deposition on the west and an area of non-marine
deposition on the eaat, In this last relationship they find a pos=-
sible solution of the alternation of marine and non-marine beds
that provides the basis for the so-called cyclical formational units

in the Esstern Interior FProvincee.



