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LATE PALEQZOIC SANDSTONES OF THE
ILLINOIS BASIN

Paul Edwin Potter

ABSTRACT

1 E, wte Mississippian sediments are one of the
o 8l of the Illinois Basin.
- : e":ré” sanicl-by pet
I’.}tféggééeﬂd subsurface maps of sanls
. seven regional maps of sandstone thicks
ian sandstones wers £ ‘ziiwt* intervals
her to the Farris )
Aember to the Bummum

}é trnm mv m&h

3
. i Member to the Davis Coal Member, . an sandston

335{3& the sandstenes in the Degonia, Palestine, Waltersh and ¥ &zdn?iabxézg{ Formations,

.§ he local ﬁmai reul contributed 1o ¥ miumtmwimg and selution

@ ed with the sandsio problems include the origin

 between zfaimsml divectional properties and
: . compaction around congate sand bodies, and
» complexity of sand deposition,

the vela

ibosystem supplied wmost of the sand and wmud during
sanian time., The ntial feature of this svstem we
uts 1o a coastal plain and a shallow marine shelf, T
put and extent of wmarise transgression or re
patter 21 complex braided patterns, delt 3
ole bodies largely of marine origin, The orfentation
i e, was controlled by a reglonal dlope
as of thick sand deposition were
aveas within the basin.

Trer 8
¢ gzmiza ool sand
@mi formed §‘\ Jendritic
isodated, i
of the
that

PRAREE o %
A late Paleozoic llinols Basin, emphasizing basin
Ty i 1 Al current svstens, and fectonle setting,
ma’:az.s:’ér,~ ures of late Paleosoic sedin on and facilitates the applic
¢ on of stmilar basing elsewhere.

INTRODUCTIC

M Ilinols Basin is an example of such a sedi-
mentary association. The Pennsvlvanian part
. N B of the association s deminantly clastic, The
The recurrence of patterns of sedimenta- . o . " . e T
don 1l \ .’ has Ted 1t Mississippian part, the Pope Megagroup
tion throughout the gec : Chas led o e A "
o o . . (Swann and Willman, 1961, p. 481}, is an
the coneept that the entire sedimentary o R . 1 .
: he 1l bt g ‘it of 4 alternating sequence of clastic and carbonate
column can be thought o consist of a re
tivel 1 F osodi . . ocks ecasily differentiated from the under-
IVery  sinad Ili?,i}i‘ 4 L8 SOGHDeNIArY A8 :
/ Y e iy 4 ‘Efgz;;g mmmmmh hmm tone »‘sfzz@z‘vz;mﬁ} (sz&

)

clations.

The Pennsvlvanian and late & dppian
{Chesterian and late Walmeyeran) fill of the
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but not until Chestertan tme in the south-
stern part

These sediments are well suited for study
because the Illinois Basin has @ mirmam of
structural complexity, its strat shy s well
established, ami the sequence can be ex-
amined in detail in both subsurface and
outerop, The sandstones are one of the dis-
tinguishing characteristics of this sequence.
The object of this paper Is to describe and
relate the properties of these sandstones to
the other features of late Paleozoic sedimen-
tation in the basin,

The sandstones, especially the thick ones,
are the most discontinuous and most irregu-
larly distributed lithology of the Pennsylva-
nian and late Mississippian sediments. Thick
sandstones commonly have elongate, discon-
tinuous distribution  patterns that may be

@ » §
either relatively straight or meandering. Un-

like

the much more continuous lmestones,
and shales, sandstones et
cult mapping problems,

can p
The sandstones

disrupt the “laver cake” continuity of the
sequence. Erosion at the base of thick sand-

irminated underlving strati-
graphic members, Differential compaction
a.izm;; the flanks of elongate sand bodies ac-
centuates initial thickness contrasts and com-
phicates the identification of minor anticlinal
folds of true tectomic origin

The sandstones are also ol economic in-
terest,  Late Mississippian sandstones have
long made important contributions to the oil
production of the Illinois Basin. Penosylva-
nign sandstones, although not as productive,
were the first to produce oil in the hasin.
Other Pennsylvanian sandstones are more
important in a negative way in their effect
upon coal mining §.3p{'§'2§§ic“§'§% Erosion at the
base of some z?mk sandstones has Jocally
removed economically impeortant coal beds,
and the presence of a permeable, water-
bearing sandstone above the coal mav ad-

stones reay have

versely affect mine roof and mining con-
ditions,
The character of the sandstones 13 de-

seribed in this report in terms of petrology,
texture, and sedimentary structures. Local
maps of sand-body shape and regional maps
of sand thickness illustrate other aspects of
the sandstones,
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REGIONAL SETTING

The principal structural features and the
distribution of Mississippian and Pennsylva-
nian sediments in the Mississippi Valley and
adjacent areas are shown in fgure 1

The Tlinois Basin lies on the buried south-
central extension of the Canadian Shield.
The basin is bounded on the east and northe
east bv the Cincinnati and Kanpkakee Arches
and separated from the Mid-Continent Basins
by the Ozark Dome and Mississippi River
Arch, The Tlinois and Michi Jasing and
the Mid-Continent complex of basins weve al-
ready well defined by the elose of Devonian
thme. Subsequent mild reglonal warping has
accentuated  the contrasts  bebween  these
basing and the wide, gently rising arches that
hound thern.

Mature sandstones, carbonates, and some
evaporites are characteristic of most of the
pre-Mississippian Paleozoic sediments in the
area of fgure 1, west of ﬁx‘ Cincinnati
Arch. Beginning in Mississi and con-




REGIONAL SETTING il

Fig, I—Prineipal structural features and distribution of Mississippian and Pennsylvanian
sediments In the Mississippl Valley and adiacent areas.

tinulng into Pennsylvanian time, large vol-
urnes of mud and sand were Introduced into
the Illinois Basin acress the Cincinnatt and
Findlav Arches. In the Tllinois Basin, early
Mississippian clastics of Kinderhookian and
carly Valmeyeran age were followed by mid-
dle Mississippian carbonate deposition. Con-
tinuous limestone deposition ceased in late
Valmeveran time in some areas but cone
tinued into Chesterian fime in others, In
late  Mississippian {late  Valmeveran and

Chesterian) time, sapd and mud alternated

with carbonate depe

Following Mississippian sedimentation, re-
gional erosion cut deeply into underlyving
ks to the north and along the broad,
gentle arches and domes of the region and
beveled the older str: in the Tlinois Basin,
sediments of the Pope Megagroup were

egionally truncated to the northeast, north,
and northwest. The last stage 1n this erosion
was the development of an integrated, en-

trenched, dendritic pattern of generally
southwesterly orfented valleys at the uncon-

formity (Siever, 1951; Wanless, 1955, fig, 2.
Subsequent sedimentation, especially later in
Pennsylvanian time, covered much of the
area conpecting the Illinels, Michigan, and
Mid-Continent Basins and extended over the
Cineinnati Arch.

Figure 2 shows generalized thickness of
Penosylvanian and late Mississippian sedi-
ments in the Ilinois Basin, The late Mis-
sissipplan sediments have maxinmum thickness
of approximately 1400 feet in southern -
neis. They thin to the northeast, north, and
northwest, in part as the result of original
sedimentation but principally as the result
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REGIONAL SETTING 15

CHESTERIAN

Fig., 3—Proportions of rock types in Chesterian and Pennsylvanian sediments along

LIMESTONE._

_COAL

PENNSYLVANIAN

the

southern edge of the WHnels Dasin in southeastern Hlinols.

of pre-Penmsvlvanian erosion, Late Mis
%;i«:@;i;‘) sian sediments ocour Sn approximately
35,000 square miles of the basin,
f’(rmmémnmm sediments have me
thickness of i et and
pecur in approximately 55,000 square miles
of the basin. Because of greater differential
spbsidence, conirasts between the shell area
and the more rapidly subsiding basin are
more clearly M@wwwi in Pennsylvanian than
in late Missi ippian sediments. The Peon-
sylvanian sediments of the western and northe
ern shelf area are thinner and have a smaller
proportion of clastics than the more mp%ﬁ%*
subsiding basin (fig. 2. Post-Pennsylvanian
uplift and erosion have truncated E’mg;‘ségy?«
vanian sediments along the s of the basin,
The §}i”{’)§’§(}l’t§i’}ﬁ‘i of maj ¢ types in the

i

late Mississippian and Pennsvivanian sedi-
ments along the south-central border of the
basin are shown in figure 3. In this area

Clhesterian sediments contain roughly 45 per-
cent shale, 30 percent limestone, and 25 per-
cent sandstone. The Pennsylvanian sediments
contain approximately 63 percent shale, 33
percent sandstone, and 4 percent limestone

and coal,

The evclical arrangement of the Penns
vanian and late Mi dppian secdiments has
heen commented on by many writers, Penn-
sylvanian sediments ocour in a oye sia al are
rangement of {from the base upward) sand-
stone, sty :ai*’m%fj, underclay, coal, gray shale,
black fissile shale, éum stone, and grav shale
{Udden, 1912, fig. 2, and p. 47-50; Weller,
19300, A complete sequence of units is not
usually present in one locality. Because only
a few thin aizmeﬂ:&‘zys eoals, and black fssile
] wgwmgg ‘ii‘fﬁéztt{“iéi%

Late Mis-
calcilutites and
thicker

fimestones, both
, are more abundant and

‘~‘i*@%£t}p§;’m
calearenites

the tvpical thin, fine-grained, ar
Pennsylvanian limestones. Pennsylvanian coal
beds are much more abundant, thic and
more widespread 2%%2’%1’1 those in the |
pian.

The greater dominance of clastics in Pern-
svlvanian sediments accounts for most of the
differences between the rocks of the two
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CLASSIFICATION OF SAND BODIES 15

systerns. Figure 4 compares clastic ratios of
the Pennsvlvanian and late Mississipplan
sediments. In the Pennsvlvanian Svstem the
clastic ratio is wsually more than 8§ and in
some places is greater than 32, In the late
Mississipplan sediments the clastic ratio s
usually less than 8, and in a large area n the
southeastern corner of the basin the clastic
ratios are less than 2. In late Mississippian
time there were 10 major pulses of sand
input into the basin, whereas in the Penn-
sylvanian there were over 20 major pulses,
The generallv coarser sands and siltier shales
are other reflections of the greater clastic
input during Pennsylvanian time,

Figures 5§ and 6 give the nomenclature of
Pennsylvanian and  Mississippian  sediments
referved to in this report,

Good descriptions of the late Mississippian
and Pennsvlvanian sediments of the basin
have been given by a number of geologists,
Weller and Sutton (1940) provided a re-
gional deseription of the Mississippian sedi-
ments in outcrop around the southern border
of the basin, Weller {1940, p. 3143 dee
seribed the Chesterian and lower Pennsvie
vanian in southern Hlinois, Perry and Smith
(19587 descri
Series in outer
classified the
rocks of Illinos.

sed portions of the Chesterdar
v in Indiana. Swann (1963}
and  Cenevi

Ty
Chesterian i
Ashley (1899% deseribed

the Pennsvlvanian strata of Indiana. Wanless

1962} summarized the Iterature and
geology of the Pennsvlvanian sedi-
ssanke et al. (1960) presented a
atigraphic classification for Penn-
sylvanian sediments in [linois that reviewed
much literature, P and Dovle

Baxter, Potter,
(1963} described the Chesterian outerop and
much of the Pennsylvanian in Hardin County
in southeastern Illineis. Willman and Pavne
(1942} described the Pepnsvlvanian of north-
ern 1llinols, and Wanle 9577 did the
same for western Illinois.

CLASSIFICATION OF BAND

BODIES

In 1923 Rich introduced the term “shoe-
string” for sand bodies whose length greatly
exceeds their width, In subsequent vears
comparatively little has been added o the

published literature on the classification and
terminology of different types of sand bodies
in ancient sediments, That this is so, i :
of the vast increase in subsurface information,
probably reflects the difficulty of the task
Genetic classifications are subject to ervor
because establishing the environment of de-
positionn of many ancient sand bodies is difli-
cult,  In addition, one type of sand body
often grades into another. Still another as-
peet of the problem s that a cassification
based on subswiface criteria may not be ap-
plicable 1o outerop, or vice versa. Criteria
based on subsurface distribution pattern, cross
section, or orlentation of the sand body with
respect to depositional strike cannot be used
effectively in many outcrop studies. Both
published studies of other areas and work
in the Ihnois Basin indicate, however, that
there are only a few types of sand bodies that
recur. Both outerop and subsurface reports
emphasize the similarity of the Pennsylvanian
and late Mississippian sand bodies in the
Hlinois Basin, This paper presents a classifi-
cation of these sand bodies that is applicable
to similar facies elsewhere. Friedman (1960,
po 01) presented an earlier classification of
the middle Pennsvlvanian sand hodies of
west-central Indiana.

Late Paleozoic sand bodies in the Tlinois
Basin belong to two types: ihin, relatively
widespread  sheet sand bodies and  thiek,
lenticular, sometimes discontinuous elongate
sand bodies. Table I summarizes the proper-
ties of the two types. When a sand body is
being classified as elther sheet or elongate,
all the properties in table 1 should be con-
sidered rather than any particular one. Both
types can be recognized in outcrop and sub-

¢ wmie stratigraphic unit, sheet

£

surface. In the
sandstones can be lateral to or on top of
elongate sand bodies. In the latter case they
represent the waning phase of sand deposition
in transition to silt and mud above. Plates
2 and 3 show outcrop examples of sheet and
thick elongate sand bodies in the Degonia
Formation {Mississippian} and in the Battery
Rock Sandstone Member (Pennsylvanian).
Subclasses of elongate sand bodies generally
can be recognized more casily in subsurface
than outcrop. Maps of the subsurface show
that elongate sand bodies commonly have
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CLASSIFICATION

four distinet  distvibution patterns. These
are termed pods, ribbons, dendroids, and
belts, The patterns, along with that of the
sheet sand body, are shown in figure 7. Pods
are isolated, slightly elongate sand bedies
whose length is rarvely twice as great as thew
width. Ribbons are re latively straight, usually
isolated sand bodies with pronounced elonga-
tion. In the petroleum industry the term
“bar” is comumonly applied to sand bodies
having pod and ribbon patterns. Dendroid
patterns may extend only a few hundred
feet i width and generally less than 2 miles,
The wider dendroid patterns grade into belt
patterns that may be Q} miles or more wide,
Both belt and dendroid patterns exhibit
weak-to-strong meanders, Belt patterns come-
monly contain where there s no
sandstone,  Because patterns g{#a{frzli.‘iy can-
not be identified in outcrop, the elongate
pods, ribbons, and dendroids may be diffi-
(§§lt to identily in the feld. Because of their
width, however, belt sand bodies are readily
identifiable in cutcrop,
thin sheet sand bodies,

In outcrop, thick elongate sand bodies
iiﬁ?ﬁﬂ}fnl% %hi\(? i {i{)lli}'all&lti{}ﬁﬁL LG
formable basal contact indicatir r grogion at
the base of the sand body. In subsurface, the
unconformity at the base of thick elongate
sand bodies can commenly but not alwavs
recognized in  diamond cores.  When
electric logs are used, the unconformity af
the base of an elongate sand body can be
recognized only when underlying m warker beds
are replaced by sandstone. Lack of such
underlying marker beds can result in an ap-
parently flat-bottommed sand bodv that enly
outcrop observation can convineingly prove
to have an unconformable basal contact. Such
factors complicate the use of cross sections
in identifving the environment of deposition
of a sand body.

Every major pulge of sand mput into the
basin in late Paleozeic time produced elong-

“Islands™

as, of course, are the

be

ate and sheet sand bodies, Many major
Chesterian sandstones exhibit pod, ribbon,
dendroid, and belt patterns.  Most major

Pennsylvanian sandstones exhibit pod, den-
droid, and belt patterns.

Examples of distribution patterns of Penn-
sylvanian sandstones in the Ihnois Basin are

OF SAND BODIES 17
Grove Ghyrch Fro
Kinkgid Fm,
PALERTINE %,
Menord s
WALTEBRSHURG Fm

s

Lad Yienng LE.

i;) TAHR SPRINGS Ss

. Glen Deoan Ls.

g HARDINGBURG Ss.
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Fig, t—Nomenclature of late ’%iwi%igwian
formations (sandstone names in eapitals)
af the Ilinols Basin (Swann, 1963).

relatively numerous. Ekblaw (1931) outlined
the pattern, in outerop, of a channel system
in western Hlinols, Wier (19533 mgtlme «l a
channel in Coal V of ?Ik(‘ {;{mzm" Indiana.
Friedman (1956, 1960} wmapped in subsur-
face a serles of middle Penn vivanian sand-
stones  in west-central  Indiana,  Wanless
(1957), using closely spaced outcrops, out-
lined several channel systems in western
Hlinois. Mueller and Wanless ¢ 1957 showed
patierns of sandstones in j{ﬁaf%mn Clounty,
linois. Hopkins (1958, fig. 4) and Potter
and Simon (1961, fig. 4) mapped the Anvil
k Bandstone Member in the southern

Kook
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{A) Thin sheet sand body in the Degonia Formation in NEY S8WY NEY see. 30, T. 11 8, B,
1 W., Union Ceunty, Hlineis. Sheet sandstone east of the main belt sand bedy is 6 feet thick.
(B Obligue aerial photograph of 68-foot bluff of belt sand body in the Degoniz Formation in
W see. 28, T, 11 8, R, 1 W, Union County, Hlineis.
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CABLE 1 FROPERTIES OF ELONGATE AND SHEET SAND BODIES
Property Elongate Sheet

Basal contact Erosional and disconformable

Thickness

Band bodi
Beds thic

s commonly 20 e

Texture
in late  Mi

sipplan.

v than 1 foot common.

Fine to mwunz;.ﬁlv fine-to-mediom afee
Finestoanedium

Cionformable and transitional

feet.  Band bodies rarely exceed 20 feet. Beds

generally less than 1 foot,

Fine to very fine

ard occasionally coarse sand In Peson-
svlvanian.

Clonglomerates Shale pebbles plus occasional fragments  Small pebbles and pellets of shale
of Hmestone and chert in Chesterian

sandstones. Pebbles

coal, Hmestone, and clay
Peansyl ane sandstones,

bles in Caseyville sandstones,
Mineralogy High-tourmaline-zircon ratio

Sedimentary

Cross-bedding and cut-and-811 structures

and cobbles of shale,
iropstone  in
Lluarte pebe

Lew touwrmaline-zivrcon ratio

Ripple marks predominate,

structures predominate,
Lithology Principally sandstone with some lnter-  Sandstone plus siltstone and some shale.
bedded  conglomerates, shaly  siltstone,  Poor sell potential on electrie logs.
and minor siltstone and shale. Usually
good self potential on electrie lo
Fousils Marine invertebrate fossils, generally re-  Marine fossils may be present but are

worked, 1
common,
Wi

be present

sandstones;

sandstones.

but are not
sone plant material in late
usually ap
plant material In Pennsylvanian

aily parely abundant.
i Pennsvivanian

More plant ma-
than late Mis-

e

part of the Hinois Basin, Andresen (1961
mapped the Trivoll and Inglefield Sand-
stone Members in the southern part of the
basin. Potter (1962a.c) showed the patterns
of several sandstones in the Kewance and
MeLeanshoro Groups in Illinois.

Except for a number of oil pool studies of
Chesterian sandstones in western Kentucky,
published maps of Chesterian sandstones are
less numerous. Swann (1951 mapped sand
bodies in the W aliimﬁng %c}zism%u}ﬁ in parts
of Hlinois, Indiana, and Kentucky, Walker,
Puryear, and Cathey (1951, pl. 5} showed
a map of sandstone in the W d]%{‘;mémz’g: For-
mation  in Henderson County, Kentucky.
Potter et al. (1958) presented maps of sand-
stone in the Degonia, Palestine, Tar Sporings,
and Waltersburg Formations aleng the south-

ern edge of the basin in Ilinois. Whiting
(19597 mapped the Spar Mountain Sand-

stong Member of the Ste. Genevieve For-
mation in part of central Illinois. Potter

included (19621) statewide maps of sand-
stone 1 the Degonia, Palestine, Waltersburg,
and Hardinsburg Formations in Hlinols.

PETROLOGY AND TEXTURE
Previous Work

The petrographic and textural properties
of late Paléozoic sandstones have been stud-
ied by mnany workers, especially during the
last decade. This report summarizes petro-
logic information and supplements previous
textural studies with some new data.

Hopkine {1896, p. 199.206), in his study
of the Mansfield Sandstone of west-central
Indiana, published the first results of thin-

seotion - observation in  the Illinois Basin,
Gaule (1938} studied heavy niinerals in the

same sandstone, BSlever (1949, 1953 em-
phasized thin sections in his study of the
Triveli Sandstone Member ( I;{*!;“;rm%’am&zs}
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(A Sheet sand body, thin bedded and fine prained, that conformably overlies Battery Rock
Sandstone Member shown in B, Thickness is 22 feel. NEY NEY NEY sec, 16, 7, 11 8, B. 8
E.,, Hardin County, Illingis, (B) Belt sand body exposed in 55-foot bluff in the Battery Rock
Sandstone in B4 NWIL see. 10, T, 11 8, . 8 K., Hardin County, Illinois.
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ELONGATE

Dandroids

Pig,
bons, dendroids, and belis,

Iate Chesterian sandstones. Graln size

information

and
ane o mine m§
givers by Biggs and Lamar (1955
terian wmi&%omw and wmhzc;;;m of
Cormick Group in southern [Hinois, Slever
and Potter (1956
heavy minerals
stone from the

~3i Li‘x‘ﬁ WOre

r Uil
the MMe-

thin seetions and
in an examination of sand-
Cageyville Formation of the
basin, Rusnak (18577, Siever (1957, Hop-
kins [1958Y, Potter and Glass (1 , and
Andresen (19617 ied NS00
tion composition, heavy mine mE Lt ‘e{i texture
of Pennsvlvaman sandstones of the Kewar

and Mcleansboro Groups. Siever (195¢

vsed

“

P

e

[

o
e

prow

ported on  cementation of
sandstones. Greenbere
tatled i
the Chester
of fm?i;’z:r:};:z, ;k%hww:‘; et al.
sized the petrologic contrast :
and Chestertan sandstones in the basin,
ter and Pryor {19¢ op, 23
tional
erals
sandstones. and Lamar
(1962} presented detailed chemical and pet
rologic data on Pennsvly
central Hlinois.

Pennsylvanian
,Ww@?? preserted de-

¥ i)

Pot-
provided addi-
data on thin sections and he Y D
for Penpsylvanian and Mississippian

Bradbury, Ostrom,

anian sandstones in

Petrographic Composition

hic

In terms of petrog

[ the late MMis

composition,
sippian and the

sandstones of

TPatterns of sheet sand bodies and the

four types of elongate sand bodies—ypods, rib-

carly Penpsylvanian
field .}w;zzm%zazgng

(Caseyville and Mans-
are guite stmilar (g &)
Generally there is less than 1 percent feldspar
aned wica. Both rock fragments and matrix
average slightly more than 1 percent. These
sandstones are borderline E?r»‘;’)i.{){}%iém”w%t{“l or
orthoguartzites {Pettijolm, 1957, p. 283.339,
depending on clay content, Both well rounded
and angular grains are present. More angular
ns are present in the sandstones of the
vyille and Manslield Formations than in
late \’%i*;v»;ﬁ:z;)p};ﬁ’a sanc s [ Atherton et al.,
L6, fig. 4. Petrol Iy, the late Missis-
sipplan sandstones show no major variation
in detrital components in the basin. How-
ever, Pennsvlvanian sandstones do show some
diffevences. The Babylon Sandstone, the basal
f the Abbott Formation in western
more mature, contains  better
ains, and has more stable minerals
than the basal sandstores of the Mansfield
and Casevville Formations in the southern

as

member of
Hinoks,
rounded

o

and eastern portions of the basin. Quartz
pebbles and granules are abundant in sand-

stones of the Caseyville and Mansfield For-
mations, Higher in the section the sandstones
of the Abbott Formation have more feldspar,
matrix, detrital grains, and angular
graips than those of the Caseyville Forma-
These sandstones are protoquartzites,

Above the Abbott Formation in the Kewa-

nee and McLeanshoro Groups, the sandstones

e,

[RLEIE
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are subgraywackes and contain 3 to 4 per-
cent of both feldspar and mica, appreciable
rock Tragments, and commonly 10 0 18 per-
cent matrix. Angular grains are common.
Somme variation in detrital minerals of these
sandstones mav exist between the eastern and
ern portions of the basin, but it is much
pronounced in the sandstones of the
yuille Formation and s equivalents.
Petrographic homogeneity s their most e
pressive feature.

Because the Abbott Formation thing to
the north, transitions from velatively mature
basal sandstones to less mature sandstones
above the MeCormick Group can be rela-
tively abrupt in the northern and western
shell areas,

The heavy minerals of both the Pennsvl-
vanian and late Mississipplan  sandstones
compose a restricted suite, especially if only
the more abundant minerals are considered,
Zircony and tourmaline are the chiel heavy
manerals, usnally Torming over 90 percent
of the nonopaque count. A small percentage
of apatite and garnet also is present in some
samples. Rutile and anatase commonly form
I percent or less of the count, Other heavy
minerals, including brookite, corundum, horn.
blende, hypersthene, epidote, fluorite, topaz,
and zoisite, occur but are very rare. Opague
heavy minerals present include magnetite,
pyrite, ilmenite, and Jeucoxene. The weight
of heavy minerals is almost always less than
I percent of the sandstone,

Information on the clay mineral content
of the Tlinois Basin sandstones {Glass, Pot-
ter, and Siever, 1956; Hopking, 1958, p. 13;
Smmoot, 1960} indicates that all the major
clay minerals are present. Kaolinite appears
to be more abundant in the sandstones than
i nterbedded shales. Kaolinite books and
worms observed In thin section suepest
post-depositional origin for much of the
kaolinite. Other clay minerals in the sand-
stones—illite, chlorite, and possibly mont-
morillonite—also commonly show some post-
depositional alteration effects. The greater
permeanbility of the sandstones to circulating
fluids after deposition, compared to that of
the interbedded shales, is believed responsible.

Polyerystalline  quartz  {approximately 3
percent m late Mississippian and 7 percent in

&
&

= L -
R
GNP

o
5

P N M N
P h /\\v‘ "
&\ : R
N L
Coseyville Formation

Late Mississippian

Fig. 8—Petrographic composition of Penusyl-
vanian sandstones and late Mississippian
sandstones.
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Pennsylvanian sandstones) and rounded tour-
maline overgrowths on abraded tourmaline
cores can be found in most late Paleozoic
sandstones. Except in sandstones of early Mis-
sissippian age, neither polyerystalline guartz
nor rounded overgrowths on abraded tovrma-
line cores are abundant in the older Paleozoic
sandsiones of the Mississippl Valley area
{Potter and Pryor, 1961, p. 1209-1210),

Orain Size

The sheet and elongate sand bodies gon-
erally cannot be distinguished by mineral-
ogical or petrographic means, except for
minor distinctions that are hnked to con-
trasts in grain size.

Clontrasts in grain size for some late Pale-
profc sheet and elongate sandstones ave de-
picted in figure 9. Elengate Pennsylvanian
sand bodies are generally markedly coarser

grained  than their associated sheet sand
bodies, Size contrasts between late

pian sheet and elongate sand bodies are less
sharp and are generally less than 1 phi unit,

RE,{)HS@&N? sand bodies of Pe mzs@émn;an age
generally are coarser grained than those of
late Mississippian age. Median sizes of Penn-

sylvanian sandstones commonly range from
0.125 10 0.40 min; those of late Mississippian

sandstones from 0.088 to 0.250 mum. Most of
the Mississippian sandstones are thus very
fine to fine grained, whereas Pennsvlvanian
sandstones vary from very fine grained to
medinm grained, with a v few

Ve

COEsE

grained scially those of the
and Mansfield Formations that contain

quartz granules and pebbles,

Sorting in the sandstone was compared by
using the measure log,, 8, the logarithm to
the base 10 of Trask’s sorting coefficient
(Pettijohn, 1957, p. 86-371. T his permits a
linear comparison of the sorting coefficients.
Data from Biges and Lamar {1935, table 43
skins (1958, table 43, Potter and Glass
(1958, table ?",x and (?a*{:*.{:*g’;b%”az {1960, table
3} were supplemented by additional analyses.

In Ilinois and Indiana 65 samples from
Iate \hwm;pp;&m elongate sand bodies had
an average sorting value of 0.13 , indicating
they are well sorte d. Individual sorting values
as low as 0.06 are not uneommon, but values

elgrs

Fip, 8Lumulative curves of grain size in
elongate {(heavy lnes) and sheet (ight
lines) sand bodies. (A 30 samples and
{8y 14 samples of the Pennsylvanisn An-
vil Rock Sandstone Member (Hopkins,
1958, table 4); (C) 9 samples and (D) 7
am;ﬁ% from late Mississippian mné»
sloTms,

as high as 0.20 occur. In Hhinos, seven sam-

ples from late Mississippian sheet sand bodies

@»}lmu had an average sorting value of 0.13. In

Indiana, sandstone samples of the Mansfield

Fearmation, principally from eclongate sand

hodies, had the same average, as did the

Caseyville sandstones in southern Illinois,

With more matrix present in the younger

Pennsylvanian sandstones, sorting is poorer.

Reventy-six samples from elongate subgray-

wacke sand bodies in Illinois, Indiana, and

Kentucky averaged 0.17, Nineteen spples

of Pennsvlvanian sheet sand bodies were even

less well sorted, averaging 0.24. Prineipally
because of increase of clay and silt, the Perm-
sylvanian subgraywacke sandstones are ap-

;umxj;}i&t*iv {mIv half as well sorted as the

late Mississippian and lower Pennsvlvanian

?;;iﬁd&{{}i‘éi?ﬁ.

An mmportant aspect of grain size is its
vertical varlation in a sand body. Hopkins
1058, fe. 12) showed vertical variation of
grain size in the channel and sheet sand-
stones of the Anvil Rock “Viz’zdmm:n Swann,
Fisher, and Walters (1959, fig. 5) gave some
data for late Mississippian sandstones based
on rotary sample cuttings, In both studies,
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MeVertical profile of estimated median
{open circley and maximum (solid cirele’
grain sive in thick, elongate Grindstalr
and Battery Hoek Sandstone Members in
southern {llinods,

Fig.

thick elongate sand bodies were found to be-
come finer upward. In the sheet sand bodies
in the Anvil Rock Sandstone, vertical varia-
tion of grain size was more regular. The
above data were supplemented by additional
w::r%iiz*;%é profiles obtained from outcrops ;i;}:%
core materials. Median and maximum
size were estimated from small chips of sand-
stone, the identity and order of which were
unknown to the operator,

5

Figure 10 shows estimated median and
maximum grain size variation in thick elon-
gate belt sand bodies of the Grindstaff and
Battery Rock Sandstones in southern linois,

217

Although reversals do ocour, especially in the
Crrindstafl Sandstone profile, both show =
general upward decrease in median and max.
unum grain size. Beeause they are hased on

the average of many grains, estimates of
mwiedian size exhibit less sample-to-sample

variation than do estimates of maximum size,

Additional profiles of grain size variation
of elongate and sheet sand bodies in Ken-
tucky and Indiana appear In figures 11 and
12

The grain %%m’* profile of an elongate sand
body of the Sample Sandstone (fg, 11A)
shows a slight decrease in grain size upward.
The grain size profile of an unnamed sheet
sand body from the Henshaw (?) Formation
{immx%mﬁmm in Kentucky (fig. 11B) ex-
hibits similar slight upward decrease. This
interval is composed chiefly of silistone and
shale with some sandstone at the base. An
elongate sand body between No. 9 Coeal and
Ne. 10 Coal in Kentucky 11C) has a
similar slight upward ét‘(‘waw in grain size.
In Indiana a vertical profile near the border
of a dendroid sand body between Coals V
and Vb has a clearly defined (fig. 11D) up-
ward decrease in grain size, especially max-
imum size. Two profiles were made of grain
size in the Big Clifty S8andstone in Indiana.
Ihe one (fg. 11E) nsec. 31, T. 3 8, R. 1
E., Crawford County, shows a very small
upward decrease, The other (fig. 11F) in sec.
13, T, 25, RO 1T W, of the same county
shows little zzgm{mi decrease in median size
and an actual mui’ ase in maximum size.
The original top of this sand body could net
be mmn‘c d. Figure 12 shows an bregular
pattern of vertical grain size variation in a
thin sheet sand body of the Cypress Forma-
fion.

Vertical grain size variation also was in-
wxaamivd in two thick, megascopically mas-
sive beds of sandstone f%w 183, Their §}m§§ée
show no clearly defined upward changes
comparable to these found in most of the
sand bodies or in thick, wled sandstone
beds of turbidite origin lerlof, 1959, fig.

The above data and those of Hopkins

1958, fig. 127 were combined for a statistical
test of size variation in all the elongate and
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grain size in late Paleozole elongate (A, B,

sheet sand bodies studied and for the two

hemogeneous
the median test
Siegel, 1956, p. 1117,

beds. A nonparametric test,
{Mood, 1950, 394395
was used. The data

and results are given in table 2,

sand bodies be

The mmb;rm% dam md:mzv t%mi i=ii}nga§f:

waning t?&ﬂs;ﬁzm mmpv ence is z;;apimd

Elongate sand bodies

that become coarser

d /a\\%w x,.,%/ ﬂ%\‘m(

Sare i Midtlmetery

{open ecirele) and maximum (solid eirele)
and ) and sheet (D) sand bodies,

upward appear to be the exception In the
basin, T\an (1954, p. 110} noted a sumilar

upward decrease in grain size in recent point
bars on the Texas Gulf Coast. Neither the
sheet sand bodles nor the two samples of
Trassive aand\zmne beds showed a significant
upward decrease in median size, although
less information is available for these types
of sand bodies,
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Fig, 13—Vertieal profile of estimated median
grain size in a sheet sand body in the
Cypress Sandstone,

Beddin

Bedding thickness, although imperfectly
understood, has been e m;wd and m}szz ated
by several sedimentologists. Nederlof (1959,
p. 638-645) \iamzmwmé h@{iégzw téazc,}\;
data for graded hg ds. Schwarzacker (1958,
fig. 4) and Pryor (1960, fig. 15) gave data
on cross-bedding thickness,

The thickness of 306 late Mississippian and
326 Pennsvlvanian individual cross-bedded
sedimentation units measured and s
shown in figure 14 The distribution of cross-
bedding thickness obtained from an intensive
sampling of a belt sand body in the Aux
Vases Formation in portions of Randolph
County, Hlinois, also is shown, data for which
{79 measurements’ are not included in the
compilation of late Misslssippian thicknesses.
The data, as are nearly all distributions of
bedding thickness, are skewed, Median thick-
ness 18 8.7 inches for late Mississippian sand-
stones and 9.6 for Pennsylvanian sandstones.
In both the late Mississippian and Aux Vases
compilations, the mode is the 4- to f-inch
mterval, and in Pennsylvanian sandstones it

WAS
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is the 8- to 12-Ineh interval. Maximum meas-
ured thickness of a Mississipplan cross-hedded
unit was 67 inches, and that of a Pennsyl-
vanian unit was 97 inches. Thicker Penn-
sylvanian cross-beds reflect, along with coarser
grain, the greater competence of the cur
rents that transported sand into and across
the basin in Pennsvlvanian time.

It has been suggested that the skewness of
bedding thickness distributions tends to be
normalized after logarithmic transformation
(Pettijohn, 1957, p. 160-161). Figure 15
shows three straight lines fitted by eve to
the curmulative curves of figure 14, Because
of the Jarge number of observations and the
departures from a straight line £, the Penn-

Fret from HBoss

Fagt from Hoss

Fig. 18-Vertical profile of estimated median
{open circle) and maxbhoum (solid cirele)
grain size in thick, mepascopically massive
beds of the Pounds and Cypress Sand.
atones in southern Hlineis,



SEDIMENTARY STRUCTURES a7

TABLE 2COMPOSITE TEST OF VERTICAL GRAIN SIZE VARIATION IN SANDSTONES

Above combined Below combined
median sample median sample Cyhserved value
- . p - - . o Ko
. < Median |+ >Median | < Median | > Median of 2
Type of sand body size sime size
11 elongate sangd bodies 4% T4 19 45 15,60
4 sheet sand bodies G i1 g 8 .51
2 massive sand bodies & 7 e 7 .84

W {1 B 83

sylvanian and late Mississipplan data of fig-
ure 15 probably would fail an exact statistical
test of logarithmic normality and can be con-
sidered only as a very imperfect approxima-
tion to a logenormal distribution. The thick-
ness data from the sand body in the Aux
Vases appear to approach a logarithmic nor-
mal distribution more closely.

INTARY STRUCTURES

The primary directional structures of the
late Paleozoic sandstones of the llinois Basin
are classified Into two types—rdirectional and
nonchirectional {table 37,

Directional structures are further subdi-
vided inte two major kinds—those that in-
dicate a specific direction (one-wav) and
those that indicate only a line of transport

(two-way). Cross-bedding is an example of

the former and parting lineation an example
of the latter. Nondivectional structures com-

proce

prise two groups—those that result from ani.
mal activities and those that result from de-
formation of soft sediments by  physical

Types of Sedimentary Structures

structures in Pennsyl-
sipplan sandstones are

The sedimentary
varan and late
essentially identical.

3

Potter and Glass (1958, p. 18-23) de-
scribed the sedimentary structures of the
Pepmsylvanian sequence in southern Illinois.
Photographs of sedimentary structures that
are virtually identical to those in the Tl
nois Basin appear in an atlas of lithologic
types of the Donets Basin (Botvinkina et al,
19567,

Animal Borings

Berings of benthonic animals oceur in a
few fine-grained, thin-hedded sandstones.

TABLE 3—CLASSIFICATION OF SEDIMENTARY STRUCTURES IN LATE
PALEOZOIC SANDSTONES

Directonal structures

Omne-way structures

Tweway struciurves

Nondirectional structures

Asyvommetrieal ripple marks
Ciross-hedding
Divag marks {unlike ends?

Flute marks Plant debels

Bymmetrical ripple marks
Parting lineation

Divag marks (ke ends)

Small erosional channels

Animal borings

Ardmal trails
Dieformationa! structures
Load casts

Shrinkage structures

Svneresis casts
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Never abundant, they are best observed in
diamond drill cores of thin siltstone beds in-
terlaminated with shale. Borings are rarely
more than 2 to 3 inches long, Greensmith
(1956, pl. 3 showed examples of borings in

By
PENNSYLVANIAN
M= 326
g ¥= 138
b §= 43
e
L hig L
Thickness in inches
i
&F
bl
&

&L
Thickness in Inches
#0
AUX  VASRES
M= TG
e 80
g 5.6
T ;
o4 3 45
ir

Fig., MThickness of cross-bedded units in
Pennsylvanian and late Mississippian sand-
stomes in the 1llinois Basin and of a belt
sand body in the Aux Vases Bandstone in
T, 85 8, B9 W, Bandolph County, lineis,
Data from this Aux Vases sand boedy are

not included in the late Mississippian
compilation. Several beds more than 490

inches thick are not showsn.

the Upper Carboniferous of England that
are duplicated in the Ilhinols Basin, Botvin-
kina et al. (1956, pl. 41, fig. 2; pl. 43, . 1}
pictured good examples from the Middle
Carboniferous sediments of the Donets Basin
that are comparable to those in the Hlineis
Basin, Some thin zones of irregularly bedded
or structureless, argillaceous, fine-grained
sanddstones and siltstones may have resulted
from the activity of benthonic organisms, as
diagrammed by Moore and Scruton {1957,
fig. 127, Worm borings, which are not abun-
dant in the basin, occur in the Renault For-
mation in southwestern [inols {Weller and
Sutton, 1940, p. 824).

Conglomerates

Pebbles and occasional cobbles of shale
are the most common lithology of conglomer-
ates in the sandstones. A typical example of
the casts of a shale-pebble conglomerate i
shown in figure 16, Shale-pebble conglomer-
ates oceur i both sheet and elongate sand
bodies. Pebbles and cobbles of limestone and
clay fronstones are present in some eclongate
sand bodies, especially at their bases. Pebbles
and cobbles of coal and rafted coaly mate-
vials are common conglomeratic elements in

LT

i

st

Far

Thigkness ind

Pig. I—Cumulative plods. of cross-bedding
thickness on log probability scale, Based
on same data as figure 14,
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Fig., 16-Lasts of shale pebbles
13 8, H. 4 E., Johuoson County, lineis,

Pennsylvanian sandstones, Quartz granules
and pebbles are commonly present In the
Claseyville and Mansfield Formations, The
fabrie of conglomerates can be wed for de-
termining current direction, but in the I
nois Basin, where cross-bedding is abundang,
it is rarely so used.
Deformational Structures

Zones of deformed bedding occur in both
Pennsylvanian and late Mississippian sand-
stones. The zones wary in intensity  from
gentle internal plications within one  bed
to complex folds and deformations that -
clude several beds and may be & or 3 feet

thick. They are pondirectional structures,

seen in
diamond drill cores. Their penecontermnpor-
aneous origin is demonstrated by undisturbed
overlving beds. Figure 17 3 o drawing of a

The smaller delormed beds are eas

penecontemporaneous zone of disturbed bed-
ding, called ball-and-pillow structure (Pot-
ter and Peitijohn, 1963, p. 148), in the
Lusk Shale Member (Pennsvlvanian, Horls
Ki.}llg,éij movernent on a M}iilﬁ “s{ﬁé%é“ Ay ii?’iyk‘
occurred but usually cannot be demonstrated.
The origin of such zones appears to be de-

in Hardinsburg

Sandstone In SWip NBY NEY see. 32, T.
pendent on the original thixotropie state and
the water content of the bed. Unusual con-
ditions of water saturation or salinity content
within the bed, rapid deposition of over-
lving beds, or possibly even seismic tremors
ave possible causes for this type of contorted
bedding.

Other deformational structures include the
internal structure of load casts, pull-a-parts,
and sandstone balls. Sandstone balls are
usually 6 inches or less in dimmeter and con-
tatn an internal spiral structure, They prob-
ably were developed by the rolling of the
mass down a sloping surface. Figure 18 shows
an unusually large sandstone ball in the Lusk
Shale. Development of sandstone balls is
favored by an interlaminated sand and muod

sequence with a sloping surface.

Seme outerops display defornmational struc-
tures that are yelated to compactional ad-
justrment along  regular contacts such as
an uneven erpsional channel-cut surface. In
some  Penpsybvapian  sandstones,  deformed
laminations and lenses of coal reflect post-
depositional compaction {Wanless, 1954, p.
155-1637, Other small compactional strue-
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Fig, 1;~»—-§3a§§~a&é~miéim «simemm in sandstone in the Lusk Shale Member (Pennsylvanian) in

SEY NEY see. 27, T.
tures may develop locally as a response 1o
unegual loading in shales and siltstones un-
derneath a thick, overlying elongate sand
body, Hutchison (1960, p. 28.30) described
contorted  Pennsvlvanian sediments in west-
central Indiana.

Deformational structures and small grav m
faults have been observed along the man
of the Pleasantview Sandstone Member é Rus-
nak, 1957, fig. 5}, Some deformed sediments
and slides are believed to have developed in
response 1o penecontemporanecus movement

along fault lines and fexures active in Penn-
lvanian time {Potter, 1957: Potter and
Glass, 1958, 21 Desborough, 19627,

The foresets of g,;m:&«?}{rddéng also can be
deformed prior to deposition of the overlying
sedimentation unit,

Oross-Bedding
Cross-bedding is probably the most con-
spicuous and ene of the mest abundant of

o B 1B, Usien County, [lineis,

all the primary structures of the late Pale-
ozole sandstones in the Tllnos Basn, It is 2
one-way directional structure,

hmw“b{‘ddmﬁ varies widely in size from
less than 1 inc iz thick, where it may appear
in cross section as a rvipple mark, to units
that exceed 10 feet thick. In width it varies
from several inches (micro-cross-bedding or
rib-and-furrow] to more than 50 feet, Length
may vary from a few to more than 50 feet.
The basal contact of a cross-bedded unit may
be either planar (for wide units) or concave
for narrow ones), and the corresponding
bedding is called planar cross-bedding or
trough  eross-bedding. Gradations hetween
planar and trough cross-bedding exist and
hoth may oceur in the same outcrop. The
large eross-beds are nearlv always .z}zm{i in
thick elongate sand bodies. Micro-cross-bed-
ding is usually less than 1 inch thick, 3 to 4
inches wide, and rarely more than 2 feet
long. Tt may be present in thick elongate




CROSS

sand bodies but generally iz best (E{*Va*ﬁgm(%qi
in thin sheet sand bodies. Regardless of scale,
the foreset beds within a cross-bedded sedis

mentation unit are virtually alwavs concave
in the down-current divection.

Plate 4A shows mdcro-cross-bedding in a
series of thin, beds in
the Hardinsburg Formation in southern I
nois. Each cross-bedded unit is 3 to 4 inches
wide and approximately hall an inch thick
Cirientation generally constant from
bed to bed. Parting lineation is a commonly
associated sedimentary structure,

Cross-beddimg of slightly larger
shown in the drawing of a cross-hedded silt
stone  overlving  evenly  laminated  siltstone
fé‘%w 193, The o wss-bedded unit is ApproR-

imately half an inch thick and slightly more
thaz% 8 inches wide. The foresets dip downe
current at a low angle and are concave in
the down-current dire

fine-grained sandstone

is very

seale 1

Ok
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Another example of the dowi-current con-
cave curvature of foresets is shown in figure
20, which depicts cross-bedding in the Tar
Springs Sandstone where it is mg}omd mn a
small stream Breckinridge County, ken-
tucky. The foresets dip away from the viewer
at a relatively low angle. Although not ex-
posed for its enfire width, the cross-bedded
unit is probably 10 to 12 feet wide.

Plate 4B shows a portion of the topset and
the underlyving foresets of a woss-bed in a
belt sand bwd‘g in the Degonia Formation,
The foresets dip away lrom the viewer. Be-
cause of the w%dﬁ"z of the foresets, their radius
of curvature is very lar This cross-bed
could be 50 feet wide. Direction of maximum
dip. of the cross-bed parallels the long axis
of the belt sand body in which it eceurs,

A fj«“}}i{’a} longitudinal section of
crogsbedding 18 shown on pi:s%“ A, a Penn-
svlvanian sandstone of the 8 poon Formation

CIORR

Fig.

vanian) in SEL NEY see. 27, T &, I

18—Deformed heds and probable kn';xe ‘zanéamue hall in Lusk Shale Member (Pennsvle

. 1 E., Usnien County, IHinois,
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Forma-

(AY Micro-cross-bedding in fine-grained, thin-bedded sandstone of the Hardinsbuorg
fhom dn WL WNEY NEY see. 32, T, 183 8, B 4 E, Johnsen County, HHinols,

{(BY Cross-hedding and overlylng level beds in thick bell sand bedy in the Degonia Formation
in NEL, NEY NEY see. 23, T, 11 5, B 1 W, Union County, Hinels,
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.

in Rock Island County, Hlinois. If they could
be seen in plan view, the eross-beds of plate
3A would have an appearance similar to
those shown in figure 19 and plate 4B.

In some cros-beds, foresets were over
turned in the down-current direction prior
to deposition of the overlying bed (Potter
and Glass, 1958, fig. 9). A few fores.ts are
ripple marked by secondary currents, Gen-
erally the ripples strike parallel to maximum
dip direction. If sufficiently coarse grained,
as are some in the Casevville Formation,
foreset beds may be graded.

Parting Lineation

‘arting lineation, a series of even, thin
laminations, develops from a smooth, water-
sediment mterface and is a twe-way direc
tional structure, Subsequent breakage of the

i
Bt
B e, v 5 - ey e

Fig. 20—Cross-bedding in Tar Springs Sandstone, 5500 F,W.L., 11,300 FN.L., Carter grid

i

Fig, 19—{Cross-bedding in silistone of Des-

moinesian  Serles  {Pennsylvanian) in
NWiY NEY NEY see. 34, T. 77 N,

R, 1 W., Muscatine County, Ilowa.

laminations gives a lineated parting that
probably reflects internal grain fabric. Plate
3B shows parting lineation directly under-
lying asymmetrical ripple marks. Parting
lineation is present in both elongate and
sheet sand bodies, but, because it develops

e [
1 T P

rectangle 0-36, Breckinridge County, Kentucky,
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froasors Svave Grovooicarn Survey

(A) Cross-bedding of a sandstone in the Spoon Formation in 8W1 SW1; SEY; sec. 6, T. 16
N, R. 5 W., Rock Island County, Illinois. (B) Asymmetrical ripple marks and parting linea-
tion en the underlying bed. Ripple marks strike at right angles to parting lineation. Clasey-
ville Formation in SWig SEY, NEY sec. 28, T. 10 8, K. 2 W., Union County, [llinois,
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Fig. 21—Shallew ripple scowr in Deponin Sandstone in 8WY SWY SEY see. 22, T. 11 8,
R 1 W, Union County, Hlinols. Hamomer handle indleates axis of scour.

in less turbulent water, it is a rvelatively com-
mon structure in sheet sand bodies,

Small Evosional Channels

Small erostonal channels, from a few feet
wide and a few inches deep to more than
30 feet wide and 5 feet deep, occur in late
Paleozoie sand bodies in the basin, They are
two-way directional structures.

Small shallow channels, called vipple scours
by Potter and Glass (1858, pl 53, that are
vsually ripole marked (hg. 217 are velatively
commaon. Their long axes generally sub-
parallel nearby or

-bedding direction.

Bottom erosion is greater when the tur
bulence and velocity of the current s high.
Figure 22 shows a small channel flled with

evenly laminated, fine~grained Pennsylvanian
sandstone in Pike County, Indiana. Bedding
laminations near the contact are subparalle
to it Small channels such as these are rels
tively common in elongate sand bodies, Chan-
nel erosion on a larger scale 1 shown in the
Tar Springs Sandstone in Pope County, -
nots {hg. 23), where erosion removed ap-
proximately 3 feet of previously deposited
sand. Bedding within the channel #ill sub-
parallels the basal erosional contaet,

Small channels ocour not only within sand
bodies but also at their bases, as shown in
the drawing (fig. 24) of a small channel at
the base of the Cypress in Martin County,
Indiana, The fill of this small chanpel is
largely fine-grained, massively bedded sand-
stome,

Channels, although most common in elon-
gate sand bodies, can also be found in sheet
sand bodies. A broad, gently sloping, ero-
sional channel in an evenly bedded sequence
of siltstone and fine sandstone in the Trade-
water Formation in Mublenberg County,
Kentucky, is shown on plate 6. Probably be-
cause of its width, the bedding of the sub-
sequent channel fill is not parallel to the
basal contact.

Plant Debris

Water-transported  plant material  {frag-
ments of leaves, branches, and trunks) occurs
i many Penpsvivanian sandstones but gen-
erally is less abundant in late Mississippian
sanestones, This material, principally remains
of the Lycopsida and Sphenopsida, occurs as
both compressions and casts, which are two-
way divectional structures. Macerated plant
debris, from less than a millimeter to more
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SOLE MARKS

than 4 millimeters long, alse is present and
5 in part fusainized, Sandstones may also
contain small spores and megaspores, In con-
trast to those in shales and coals, spores found
in sandstones generally abraded and

are
1 soor] Y OPTERSTVed i

Some  sandstone, especially  sheet sand

bodies, contains in situ stigmarian axes and
rootlets. Stigmarian axes may be as much
as 4 to O mches thick and, where well ex.
posed in creek beds, may be traced for 12
feet without appreciable thinning. Stigmarian
rootlets similar to those of underclavy also
oceur i some sheet sand bodies, especially
toward the top, Vertical in situ trank remains
in sandstone have been reported in the Tl
nois Basin but are very rare,

Ripple Marks

Ripple marks, both svimmetrical and asym-
metrical, are present in Hlinois Basin sand
bodies. They are best observed in creck beds

in the finer grained, thinner bedded, and
hetter indurated sheet sand bodies, A typical

zample  of asymmetrical, cuspate ripple
marks occurs in the Palestine Formation in
Union County, Illinois {pl. 7A). Regular
asymmetrical ripple marks such as those
shown on plate 5B are somewhat less com-
mon. Wave lengths of symmetrical ripple
patterns rarely exceed 4 inches, Wanless
{1957, fig. 38) and Potter and Glass (1958,
pls. 1A, 2) illustrated other examples of
ripple marks in Pennsvlvanian sandstones.
Asymmetrical ripple marks are one-way di-
rectional  structures, whereas  svimmetrical
ripple marks are two-way structures,

Sole Marks

Beottom or sole marks of various types, st
as Huote marks, load casts, and drag marks,
are found in both late Mississippian and
Penmsylvanian sandstones. Sole marks can be
observed best on undersurfaces of rocks ex-
posed inereek beds.

Flute warks represent the ercsion of the
sedimpent interface by currents scouring the
bottom, Flute marks are asymumetrical, with

ch

S R

Fig, 288mall channel in

evenly laminated, fine-grained sandstone above Coal V in NEY

SEY NEY see. 17, T. 2 8, R, 7 W., Pike County, Indiana,
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Fig. z:zwi rosional channel fn Tar Springs Sandstone in

B, 7 8, Pope County, 1Hinois,

the blunt end indicating the up-current di-
Caasevville

!
rection. A good example from the €
Formation is shown on plate 7B,

Other sole markings of current «
have resulted from the dragging of
along the bottom. Fine, linear,
intermittent markings were left in the wake
of debris {fig. 257,

Sole markings of
origins also are present.
trusion of sand from an overlying bed into
Figure 726

¥y

soretimes

other post-depositional
They represent in-

an underlying sand or mud bed.
shows load casts in ’?i1’3{»»@2’3%1}@{%\
sandstone of the Ste, Genevieve Formation,
Load casts are nondirectional structures,
These protrusions occur in a variety of coarse
and f:;w textures, P A shows load casts
with bhoth smooth ,ﬂs‘;éd erenulated surfaces.
On plate 8B, what may be much s aller
ioad casts have a weak pui{\zw@ m*ag*zzi“ﬁiwn
{parallel to the longer pencil). Weak, regu
larly spaced ridges (parallel to the shorter
pencil) reflect ripple marks on the surface of
the underlying bed. The small size, density,
and weal orientation of the sole marki

calcareous

217

NEY NElY NWI sec 18, T. 15 8,

could possibly be the result of flute markings.
This illustrates the difficulties of distinguish-
ing between flute marks and load casts. Flute
marks can occur in conjunction with lead
casts, and through subsequent soft-sediment
deformation may be transformed into load
casts.

Animal tracks and trails are other types of
sole markines, They occur on 2 few beds in
the Jate Paleoroic sandstones and usually
show little preferred orientation.
casts, sand from an overlying bed
s crack in an underl riving

{Whi Tt

Syneresis
that filled a synere
shale lamination, ocour
are not comanon,

Field Mapping of Directional Structures

The directional structures in late Paleozoic
sandstones were investigated by detailed field
observation and mapping. The foremost di-
rectional structure of these sandstones- s
cross-bedding.  Although  other  directional
structures were noted and measured during
field work, s-hedding lent itself to

only ore



VERTICAL PROFILES OF

systermatio mszp;;am, The ense and objectivity
with which it can be measured in the held
{Potter et al., 1958, app. D) facilitates its
study.

Vertical Profiles of Cross-Bedding

The wvertical consistency of direction or
cross-bedding in clongate sand bodies was
investigated by means of three vertical pro-
files (g, 27}, These profiles, measured in
outerop from bluffs and cliffs, approximated
vertical profiles that could be obtained from
oriented deill cores. One measurement was
obtained from each successive exposed
bed in the outcrop,

The Caseyville Formation in Kentucky
provides the thickest of these profiles. The
sand body there s almost 150 feet thick, and
66 measurements were made (fig. 2747, Con-
sistency of direction of {f{'c}&xmhﬁ{,ﬁzng s pro-
nounced along the profile. The two shorter
profiles in the Degonia {fig. 278} and Hare
dinsburg  {fig z{m Formations contain 42
and 28 ectively, and show

1 eross

observations, resp

Fig. 248mall channel st base of Cypress §

®, 3 W, Martin County, Indiana.

Sandstone In SWY NWi BWY see. 14,

CROSS-BEDDING 59

generally comparable homogeneity in direc-

tion, The standard deviations of the Casey-
ville, Hardinsburg, and Degonia profiles,

computed arownd the vector mean, are 379,
577, and 409 and are of the same order of
magnitude, A standard deviation of 317 was
abtained from 27 ohservations from the Aux

Vases Formation in a 72- famé section in Ran-
i«mzm*«:

inois  (Mast and Potter,
963, These data suggest that the
typical i’u;xmlv&z&m;& and late Mi issippian
elongate sand body in the THinois Basin bad,
at any one point, a preferred divection of
sedimment transport that changed but hitte
throughout its history. As shown by the four
standard deviations, approximately two-thirds
of the ohservations ocour between =230° and
50° of the vector mean.

dolnh

3 ol

These vertical profiles make 1t possible 1o
determine whether or not cross-bedding di-
rection is serially corvelated {(Wallis and Rob-
erts, 1956, p, 560-565) is, to investigate
the dip direction of eross-bedding In subse-
quent pulses of deposition.
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{AY Cuspate ripple marks in a sheet sand body in the Palestine Formation in NE; 8By SEy
see. 25, T, 11 B, B 1 W, Union County, llineis.

(B) Flute marks on the underside of a sandstone bed in the Caseyville Formation in SWY
BEY NEY sec 28, T, 10 8, B, 2 W, Union County, Tlinois,
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Fig, 25—Drag grooves snd other sole mark-
ings on lower side of slab of Tar Springs
Handstone at west side of U, 8. Highway
41, 1.2 miles south of Crofton, Christian
County, Kentueky,

Using the cireular formula (Bennett and
Franklin, 1954, p. 68F

TABLE 4--SERJIAL CORRELATION OF
CROSS-BEDDING ORIENTATION
IN VERTICAL PROVILES

Casewvitle Degonia  Hardinshurg Awx Vases

4
&1
n r W
X X Xibh B
R E §
h fon E
RN
] o W
Yoo
=1
7 , ;
= W i‘_: 8 o K {;?\é, g \“E
nse .
g o= ]
where

Rj == serial correlation of order 2

o o= pumber of observations

x; = direction of the i-th cross-hed

arithonetic average of cross-hed
directions

5 i

§ o

the sample variance

serial correlations to the eighth order were
computed with the Iliac computer for the

Order  Formation  Formation  Formation  Formation
I Oaip® 0.a74% 0,264 G180
2 0.276% 0.875% 4.085 f,586%
3 OR46% 138 15 £ R 0.247
4 0,069 0.183 0,115 0,207
5 HRE 1.239 180 0.2948
[ (.024 - 0021 - 0021 - 0,124
7 e {1 B0 0,183 L0338 (.1849
[ G.800% (0044 A0 0,108
n G6 42 29 27

Fiignifeant ar 000 level

Casevville, Degonia, Hardinsburg, and Aux
Vases (Mast and Potter, 1963, Hg. 12) pro-
files. The first order gives the correlation of
adjacent pairs, the second order the correla-
tion between pairs separated by one observa-
tion, the third order between pairs separated

ions, and so on. Table 4

by two obser
shows the correlations.

The statistical sienificance of these cor-
relations was tested, following the techniques
suggested by Bennett and Frankhin (1954, p.
285-2877. Values in table 4 marked with an
asterisk indicate statistical significance at the
0.05 level,

Correlations for low orders {closely spaced
surements] are significant only for the
Caseyville and Degenia profiles. Over all,
however, there is no strong pattern of statis-
tically significant correlation between cross-
bedding direction in proximal beds. These
results show that while there is a strong pre-
ferred orientation throughout the vertical
profiles there were no pronounced systematic
shifts in current divection from bed to bed,

Detailed Maps of Cross-Bedding

The vertical homogeneity of cross-bedding
orientation shown in figure 27 is also denm-
enstrated by local detailed maps.



42 TLLINGIS STATE GEOLOGICAL SURVEY R. 1, 217

TABLE 5—LATE PALEQZOIC CROSS-BEDDING IN THE ILLINOIS BASIN

Class interval (azimuth)

Towl

init o vations
Fod S0 BLIE0 TELGEG ISLOND BDLOG0 MOERD 281800 GPLash

Pennsylvanion®

5 4 i . i 14 i3 16 & 71

to Lol

(Mo, 23 Coal* A8 28 L5 a7 111 ¥ L it 52 Hi G2
Colchester {

23 Coal to base

45 58 126 297 1) 210 114 59 g 19

Al Pennsvivanian: 80 77 85 218 339 47 421 212 128 1887
Chesteriand @i a8 G4 155 199 294 200 493 1347

FFroan Potter (18620, mble 1}

Fig. 26—Load casls in sandstone in the Ste. Genevieve Formation in a roadeut on Interstate
Highway B7, 8W1, NWi, BWY see. 6, T. 13 8, R. 1 E, Union County, Ilineols,
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Figure 28 s a plane table map of part of
an elongate sand body of the Spoon Forma-
tion exposed in the spillway of Crab Orchard
Lake in Jackson Count Iﬁﬁrm;m This map
shows the similarity of ¢ orienta-
tion throughout a small area, It also shows
the widely varving size of the cross-beds that
range from more than 45 feet wide and 50
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Fig, 27Vertical profiles of cross-hedding ori-

entation of three elongate sand bhodies.
{AY Casevville SBandstene at Pine Knob
Blalf npear Tribune, Crittenden County,
Hentueky, 7700 F.W. L., 8950 F.N.L., Car-
ter grid rectangle Jo18. () §'§e§s§mia
Sandstone In SWi{ BEY see. 22, T. 11
5, B, 1 W, Unien County, IIZim;m o0y
Hardinsbury Sandstone at Weston, Crits
tenden County, Kentucky.

feet long to narrow clongate units appros-
inately 4 feet wide and 16 feet long. Most
units are a foot or less thick., Outcrop ob-
servations show that cross-bedding with com-
parable similarity of orientation and variation
is characteriste of the majority of
ate late Paleoroic sand bodies,

in s
elong

Maps of individual elongate sand bodies
also show a preferred transport direction. The
orientation of cross-bedding in the Finnie
Sandstone Member in Johnson and Pope
Counties, Tllinois, is shown in figure 28, This
map represents a less dense sampling of an
elongate—probably a belt—sand body that,
in detail, has a pattern of cross- %wdéfzw or-
ientation similar to that shown In famm» 28,
The average direction is to the southwest
with relatively little dispersion, even though
the oceasional reversals that are present in
most sandstones do ocour. In the map ares
of figure 29 the Finnde Sandstone has a max-
i thickness of approximately 60 feet and
an erostonal basal contact. The homogeneity
of cross-bedding orientation shown by the
Finnie Sandstone is typical of most elongate
sanel bodies in the Hlinois Basin,

Late Palegnvic Cross-Bedding

Cross-bedding in late Paleozole sandstones
in the basin has been measured and reported
in a numnber of studies (Potter and Olson,
1954 Potter and Siever, 1956 Rusnak, 1957,
Hopking, 1858; Potter et al, 1958; Des-
borough, 1961; Andresen, 1961; Potter,
1962¢). In most, an effort was made to
distribute sampling along the outcrop. One
outcrop per stratigraphic unit per square
mile or per township generally was desige
mated. Along the basin rmargins, this pro-
coedure usually vielded a relatively uniform
density of outerops. Omne to ten measure-
ments per outcrop were obtained.

Figure 30 shows measurements of cross-
%Wf‘ddixéq in Pennsvlvanian sandstones along
the present northeastern limit of the Penn-
svlvanian sedbments. The nterval from the
Gimlet Sandstone Member 1o the base of the
Pennsvlvanian System is about 500 feet, Re-
gional sampling around the basin margin
usually indicated comparable variability of
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{A) Load casts on the underside of a sandstone bed in the Aux Vases Formation in BWi, NWiy
WNWY gee. 3, T, 5 8, B, 9 W, Monroe County, Tiinais,

() Weakly orviented, Bune-textured seole markings {parallel lo long pencil). Short peneil is

parallel to ripple marks on underlving bed, Tar Springs Formation in NEl; SWi, SWY see
25, T, 8 8, B 1 W, Crawford County, Indiana,
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Cross - badding "Mossive” Sondstore

Fig. 28— Plane table map of eross-hedding
Formation exposed on the
NWi sec, 30, T. 8
in down-current direction.

overiapped units,

both cross-bedding orientation and distriby-
tion of outcrops. In the center of the bagin,
however, low regional dip and glacial drift
recuce the number of outcrops to a minimum,

Table 5 summarizes cross-bedding direc-
tions from regional sampling. Altogether
3,834 measurements were obtained. Approx-
irnately 600 measurements Trom detailed lo-
cal studies are omitted from the table

The vector means of all the Chesterian and
Pennsylvanian  cro measurements
differ only a few degrees, 215° to 292°, With.
in the Pennsylvanian sequence below the
Shoal Creek Limestone Member i

there is
little variation, Above the Sheal Creek Lime-

N N
S

Parting Hneotion Woter

and parting lineation in 2 sand body of the Spoon
surface of the spillway of Crab Orchard Lake, BEL KWy
8., R, 1 W, Jacksen County, Hlnois.
Dip-and-strike
Heavy lines represent natural houndaries of
Plate 1A of Polter and Glass (1958) depiets eross-hed A,

Edges of cross-beds are concave
symbel shows inelination of cross-bedding,
cross-beds; light lnes represent eroded or

stone, the available data indicate a more
westerly direction of 252°,

Relationships Between Diveciional
Structures

Mapping of directional structures in the
sandstones shows that the various directional
structures are the integrated response to a
common current direction,

In figure 28 parting lineation and cross-
bedding direction Indicate the same transport
direction. Figure 31A is a scatter diagram
constructed by plotting the average cross-
bedding direction at an outcrop against aver-
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/ Cross-bedding
{mean}

MAP

Fig, 29—ross-hedding in the Fianle Sandstone Member in parts of Pope and Jehnson Counties,
Hinois, Current rose shows distribution and mean of 112 observations.

Yare

§ g

of Penngylvanian System

Cross-ped

sisione obove

Fig, 30Cross-bedding

: d%resgian in parts of LaBalle, Livingston, and Grundy Counties, Hiinols.
Current rose shows distribution and mean of 94 observations.



RELATIONSHIPS BETWEEN DIRECTIONAL STRUCTURES

age direction of parting lineation at the same
outcrop, The direction of parting linea
that gave the smaller angle with the cros
bedding direction was wsed. Although a few
points are far from the line of perf

relation, most lie relatively close to it

Jon

Micro-cross-bedding  and  cross-bedding
demonstrate an even better correlation (fig.
3B with relatively few points Iving far {rom
the line of perfect correlation,

exists between cross-
bedding divection and orientation of plant
casts (fig, 3107, The ortentation of the plant
cast that gave the smaller angle with cross
bedding direction was plotted, Several fac-
tors probably are responsible for the relatively
poor correlation. Flrst, cross-bedding, parting
lineation, and micro-cross-bedding are strue-
tures that develop concurrently with sand
transport at the sediment interface, In con-
trast, plant debris may have moved along the
interface slightly later and henece may not
have been influenced by exactly the same
currents. A second and probably more m-
portant factor explaining poorer correlation
is that plant sterms can lie on the sediment
interface at relatively large angles to current
direction.

Poorest correlation

Because of problems of measurement, i
was not possible to investigate the correlation
of ripple marks and cross-bedding ovientation.
However, as plate 5B shows, ripple marks can
have a simple orthogonal relation to other
directional structures. Because ripple marks
can be formed by even weak, variable cur-
venits, however, thelr orlentation can differ
markedly from that inferred from other di-
rectional structures,

Fabric studies { Potter and Mast, 19637 of
sand-grain orientation show that sand grains
in the foresets of cross-beds tend to lie with
their long axes parallel to maximum dip di-
rection of the foreset beds and that their

Fig, 3i—8catier diagrams showing orlentation
of {A)Y cross-bedding and parting lnestion;
{(BY cross-bedding and miero-cross-bed-
ding  (vib-and-furrowd: and () eross-
bedding and plant easis, Bach point repre-
sents the average dirvection for each of
the two properties at a single outcrep.
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Fig. 32A—Thickness of sandstone in the Mt Carmel Sandstone Member in parts of Wayne and
Clay Counties, Illinols. Map containg 785 contre! points.

orientation also tends to parallel the trend of
parting lineation. Although the correlation
is far from perfect, this evidence indicates
that there are systematic, regular relation-
ships between the form of constructional sedi-
mentary structures and thelr constituent sand
grains.

Interpretation of Sedimentary
Structures

Most of the primary sedimentary structures
result from traction transport of sand at the
sediment interface, The differences in the
various structures are determined by hydro-
dynamic conditions of velocity and turbu-
lence and upon sand supply. Some structures,
such as cross-bedding and channels within a
sand body, vary widely In size and thus can
develop under a wide range of conditions,
Others, such as parting lineation and micro-
cross-bedding, appear to have relatively re-
stricted dimensions and grain-size distribu-
tions that suggest more restrictive hydrody-

ic conditions of origin (Hamblin, 1961,
p. 3993,

Observations of late Paleozoic sandstones
show some of the relationships between these
conditions, Thick cross-beds are associated
with coarse sand, implying high current
veloeities. The thickest cross-beds are found
in the most conglomeratic and coarsest Penn-
svlvanian sandstones and show better devel-
oped scouring and channeling. Tn contrast,
cross-bedding in siltstones and  very fine-
grained sandstones usually is not more than
a few inches thick and implies weaker cure
rents.

The same ewrrents that produced cross-
bedding drageed debris along the surface,
scored the surface producing oriented flute
marks, and generally eroded a variety of
elongate channels within the sand body,
Weaker currents produced parting lineation,
micro-cross-bedding, delicate drag marks, and
a variety of ripple marks. Ripple marks are
commonly present at the sediment interface
and may occur on the tops of heds, on fore-
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Fig. 32B-Cross section of the sandstone in figure 324,

or on the surfaces of channels within
the sand body. Graded bedding is virtually
absent in the sandstones of the basin, except
for rare ocourrences on coarse-grained fore-
sels,

Most of the directional stroctures in a sand
body are responses to similarly oriented cur-
repts and thus have related orlentations. Di-
rectional structures that were the response o
high velocity currents may correlate better
than those that developed from weak and
possibly more variable currents,

sets

Tiuring or shortly after deposition, sedi-
mentary structures such as le vl casts, defor-
mational structures, and animal borings that
resulted from softsediment deformation de-
veloped. Both oriented and nonoriented sole
marks are present in the late Paleozoic sand-
stones of the basin, demonstrating that they
are not an exclusive feature of turbidite sand-
stomes.

The kind of primary structures most abun-
dant in sand bodies is closely related to the
sand body type. Sheet sand bodies are dis
tinguished by ripple marks, parting lineation,
small shale-pebble conglomerates, and micro-
cross-bedding, Thin cross-beds are present
but not abundant. The presence of these
structures, in conjunction with thin beds and
sroall grain size, tmplies deposition by relative-
v weak currents,
unconformity at the base of sheet sandstones
is consistent with deposition by such currents.

The general absence of

In the thick elongate sand bodies, cross
bedding is usually very abundant, and some
contain cross-heds more than 6 feet thick.
Erosional channels within the sand body also
may be present. Although ripple marks, part-
ing lineation, and shale-pebble conglomerates
are all present, cross-bedding, coarser con-
. and ripple scours are the distin-
guishing features of these sand bodies, and,
in conjunction with thicker beds and coarser
grain, imply deposition by relatively strong
currents, The unconformity at the base of
elongate sand bedies also implies deposition
from such currents.

glomerates

Comparatively little contrast is exhibited
between structures of solt-sediment origin
that developed shortly after deposition in
sheet sand bodies and those developed in
clongate sand bodies.

LOCAL MAPS OF SAND BODIES

Local maps and cross sections of sand
bodies in subsurface, supplemented by local
maps of elongate sand bodies in outerop,
provided much information on the shape,
distribution pattern, and origin of elongate
sand bodies in the basin,

Subsurface Maps and Cross-Sections

Local detailed subsurface maps of sand
bodies in the basin have been published by
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Swann (1951 1533}, Fried-
man {1956, 31, Mueller and Wanless
(1957, Andresen (1961, Gz, 61, and Potter
(1962a. b, and ¢},

Most of the subsurface maps and all of
the cross sections of this report were based
on electric logs. Sandstone was defined as
tne footage of self potential 10 millivelts 1o
the left of the shale base line of the electric
All the cross sections were made by
using as a datum line a marker bed that was
under and as close as possible to the sand
body.

logs.

Pennsylvanian Sond Bodies

The map of the thickness of sandstone in
the Mt Carmel Sandstone Member (fig.
3240 shows two sand bodies trending south-

west. The one in the porthwest corner of the
map Is outhned by the 20-foot sopachs and
has a meandering pattern. The other is local-
Iy more than 40 feet thick and encloses areas
without sandstone. Most Pennsylvanian sand-
stone units do not have such complex distri-
bution patterns.

Cross Section A-Af (fig, 32B) indicates that
the Shoal Creek Limestone is absent under
some thick portions of the Mt Carmel sand
body., However, in no case does the sand-
stone extend far below the position of the
Shoal Chreek Limestone. Differential corm-
paction of the shales surrounding the thicker
elongate sand bodies was slight.

A much less complex pattern is displaved
by figure 33, which shows a southwest-trend.
ing dendroid of Anvil Rock Sandstone 2 to
3 miles wide. Locally, sandstone thickness
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Fig. 33-—Thickness of sandstone in the Anvil Rock Sandstone Member in parts of Posey and

Vanderburgh Counties, Indiana.

Map contains 288 econtrol points.




PENNSYLVANIAN SAND BODIES

exceeds 60 feet. A smaller sand body ap-
proximately hall a mile wide joins the larger
sand body with acute “downestream”™ angle
m T, 785, R1IZW InT 65, R 12W,
the small sand body has what may be either

small  tributary or distributary  extensions.
Simnilar features appear on other detailed
maps.

A small elongate sand body of the Vers
milionville Sandstone (fig. 34A7 has abrupt
boundaries, local thickness in excess of 40
feet, and a general southe-southeast trend. The
striking feature of the map is the absence of
sandstone thicker than 20 feet in the east-
central portion of T, 6 5, K. 5 E., which
illustrates that permeable sandstone may be
unequally  developed  along  elongate  sand
bodies. The cross sections of the sand body
{fig. 348 and C) show an underlving mem-
ber replaced by the sandstone. Channel ero-
sion i Inferred. The increased elevations of
the Herrin (No. 6) and Danville (No, 7)
Coals above the Vermilionville reflect the
presence of the elongate sand bodies,

The

Coxville Sandstone in portions of

Posey and Vanderburgh Counties, Indiana
(He. 35A7, is an example of a well defined

4

containing a large s

In the map area,

elongate sand body
land” with no sandstone.
maximum  sandstone thickness exceeds 60
feet. This sand body has abry; pt beundaries,
In the northwestern corner of the map, in
portions of Ts 5 and 6 5, K. 13 W, is &
small tributary or distributary similar to that
in figure 33.

The cross section of the Coxville sand body
{(hg. 3587 shows the sand body lving
to or divectly on Coal 11T of Indiana. The
absence of coals between Coal 111 and Coal
ITla does not permit subsurface demonstra-

close

tion of a channel origin. However, outcrop
observation indicates that thick Pennsyl-

vanian elongate sand bodies have erosional
and unconformable basal contacts. Because
of the open spacing of even the most dense
subsurface control, however, unconformable
basal contacts may be infared in the sub-
surface only 1l underlving marker beds are
progressively replaced by sandstone. Thus the
flat base of a sand body, determined in sub-
surface by electric logs, does not necessarily

L

have environmental si ;15!’%%:}6{* A factor
contributing to the flat base of Pt eninsylvanian
sandstones where they direetly overlie coal
beds may have been the cohesiveness of peat
prior to lithification (Wanless, 1954, p, 158-
61

A map of the Coxville Sandstone equiva-
lent in Ilineis, the PalZo Sandstone, is shown
i figure S6A. This is a good {xa.mgzriﬁ of a
belt sand bodv. Width varies from 4 o 6
miles, and locally the sand body is more than
80 feet thick. Boundaries gene m?éj; are abrupt
and have weakly meandering outlines,

The cross section of the Palzo sand body
{fig. 368) shows the variable distance be-
tween the Davis Coal and the base of the
Palzo Sandstone. It also illustrates the com-
pactional “bump” of the overlying coal beds
above the sand body, Where thick sections
of the Palzo Sandstone can be seen in out-
crop, the basal contact Is erosional and un-
conformable even though the cross section
would be comparable to that of

figure 35,

Figure 37A shows a valley or channel de-
veloped during the pre-Pennsylvanian ero-
sional period. This channel, in the area of
the Inman East oll pool in T. 8 8, R, 10 E,
Gallatin County, Illinols, was eroded more
than 150 feet dw;) into the underlving Ches-
terian formations. Subsequently, It was par-

tally filled with a Qé%!iiﬁ\t{)n(’ of the Clasevville
%{)mm%mga A belt sand bf:«dv overlies this
channel. Channels 130 or more feet deep
Iy occur only at xi.he?f Mississippian-
nian unconformity, although others
as deep as 100 fﬁ‘ﬁ‘t have been reported by
Wanless (1934, p. 153y, Hopkins (1958, §)§
1y reported the f’s‘mé I\mi Sandstone was
more than 180 feet thick, but the possibility
that a sandstone of one eycle is superituposed
on an underlving one complicates estimates
of the depth of erosion.

geners
Perins

In figure 37B an erosional channel filled
with Anvil Rock Sandstone is shown. The
underlying Herrin {(No. 8) Coal and the
Briar Hill (No. BA) {:,imd have been eroded.
The Danville (No. 7) Coal has a structural
high over the unde réwnﬂ sand body.

Figure 37C is a cross section at right angles
to 2 prominent southwest-trending belt sand
body of the Mt. Carmel Sandstone in White




County, Ilinols, The sand body is over 150
feet thick and about 12 miles wide. Several
minor coal beds and the Shoal Creek Lime-
stone have been replaced by sandstone, Over-
lying coal beds reflect structurally the pres-
ence of this vnusually thick belt sand hody.
Although it has not been definitely estab-
lished, the sandstones of two or more cycles
may be superimposed to form such an unusu-
ally thick belt sand body.

Late Mississippion Sand Bodies

Late Missssippian sand  bodies  exhibit
miost of the patterns shown by Pennsylvanian
sand bodies and have one additional type,

Figure 38A shows the thickness of sand-
stone in the Palestine Formation in part of
Hamilton County, Illinois, The principal
sand body tends southwestward across the
area and has a maxioun thickness of 118
feet. Boundaries of the thick sand body are
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very abrupt and in outline are weakly
meandering.

The cross section of the Palestine sand
body (fig. 38B) shows that the thick sand
bodies of the Palestine Formation generally
lie close to the top of the Menard Limestone
and in a few places lie directly on it. Where
thick sectioms of sandstone in the Palestine
can be observed in outcrop, they have un-
conformable basal contacts. The overlying
Clore Formation is structurally high over the
thick elongate sand body.

A good example of a relatively straight and
apparently isolated sand body is provided by
figure 40A, a map of the thickness of sand-
stone in the Waltersburg Formation in part
of Saline County, Illinois. In the figure, the
sandstone is contoured as a series of relatively
straight, parallel, en echelon, disconnected
pod and ribbon sand bodies, Available evie
dence suggests that isolated pod and ribbon
sand bodies are more common in iate Missis-
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Member in part of Hamilton County, Hlineis,
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Fig. 38 A—Thickness of sandstone in the Palee Sandstone Member in parts of Edwards and

Wabash

sippian than in Pennsylvanian sandstones.
Potter {1962h) discussed criteria that may be
useful in deciding whether or not two nearhy
sand bodies mav be connected.

A good example of a small but thick pod
sand body in the Waltershurg s shown in
figure 39, Maximwum thickoess is 84 feet.
Contaets are relatively abrupt, and the long
axis of the sand body Is oriented south-south-
west, The structure of the overlying Menard
Limestone reflects the presence of this sand
hody.

“ounties, Hlinols, based on 1182 control points.

The cross section in figure 40B differs rela-
tively little from that of many elongate sand
bodies with meandering patterns, Thick out-
crop sections of sandstone in the Waltersburg
Formation have unconformable basal con-
facts,

Sandstone bodies in the Hardmsburg For-
mation were mapped in detail in two areas.
The area in portions of Gallatin County,
[thinois, Posev County, Indiana, and Union
County, Kentucky, has a relatively complex
pattern {hg. 41). In the northern and cen-

et

Mitas

.

Pig, 36B—Cross section of sandstone in figure 36A.
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Fig, 38A-—Thickness, based on 804 control points, of sandstene in the Palestine Formation in
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tral portions of the map are three elongate
sand bodies, each generally less than a mile
wide, with meandering and complex pattern,

o
In the southern part of the area these join
to form a well defined southwest-trending
helt sand body over 6 miles wide, Maximmuonm
thickness i 85 feet. This pattern shows some
similarity to that of the Mt Garmel Sand-
stone {fig. 323,

The sandstone thickness in the Hardins-
burg Formation in Hamilton County, Hlinois,

3

is shown in figure 42A, It is locally as much
as 198 feet thick. Two principal sand bodies
are present, one along the western portion
ol the map and the other in the eastern half.
Both have south-southwest trends. The east-
ern sand body exhibits a well defined bifurca-
tion in the southeastern corner of the map.
The cross section (hg. 42B) displays &
striking erosional channel cut into the Haney
Limestone and subsequently flled with sand-
stone of the Hardinsburg. The overlying Glen

i
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Fig. 8%{A43 Thickness of sandstone, based on 102 control points, in the Waltershury Forma-

tion in part of White County, Hinols,
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Fig, ]ml?}!i)i\ﬁﬁ%% of sandstone in the Hardm&hurg Formation in parts of Gallatin County, HH-
nois, Posey County, Indiana, and Usnlon County, BEentueky; based on 833 contrel points,

Drean Limestone has a pronounced structural
high thickest section of the sand-
stone,

Three selected cross sections of Chesterian

sand bodies are shown in figure 43.
Cross section

over the

A is drawn at right angles to

he Dlegonia
This
cross section shows that the upper Hmestones

a small elongate sand bady in ¢
Formation in Saline County, lllinois,

of the Clore Formaton were removed locally
before deposition of the sandstone. The struc.
ture of the Kinkaid Limestone is
influenced by the | { this sand body.

Ciross section B s of the Degonia in Wavne
County, Hinois. This elongate body
truncates units in the underlying Clore For-
mation, defining a good channel cross see-
tion. Its precise lower contact s in part un-
certain because the sand body is su;}m‘iuz‘
posed on an underlving sandstone of the
Clore Formation,

overlving

PreSenee of

sarnc

i of the interval from the
base of the
Vanderburgh
Tt shows the

Ciross section C
Glen Dlean Limestone to the
Downeys Blufl Limestone in
and Warrick Counties, Indiana,

sandstone in the Cypress Formation super-
imposed on the sandstone in the Bethel For-
mation, The greatest thickness of the com-
bined sandstones is over 200 feet. The
Heelaville and probably the were
eroded before deposition of the Cypress Sand-
stone along the entire cross section area. The
sandstong in the Bethel thickens in the area
where the Beaver Bend Limestone is absent,
This suggests that a common control localized
good development of both sandstones, Similar
controls also may have been responsible for
the possible superposition of sandstones in the
thick section of figure 37C,

An additional feature of cross section € is
the erosion of the Hanev Limestone under
the sandstone in the Hardinsburg,

Sample

Conclusions

The detailed maps of sandstone thickness
and the related cross sections (figs. 32 to 43)
reveal the following points:

L. Elongate sand bodies generally have

very clearly defined trends.




SURFACE

2. Elongate sand bodies commonly have
abrupt boundaries, Transitions from
zero to more than 80 feet can oceur
between 40-acre and even acore well
spacings.
4. Elongate sand bodies with dendroid and
belt distribution patterns displas
at both small and large tributaries and
cistributaries
b} weakly to
boundaries

strongly  meandering

¢} some truncation of underlving strata
{indicated
tions that are generally biconvex)

i “islands”
stone

4. Elongate ribbon sand bodics |

by subsurface eross see-
with no permeable sand-

have rela-
tively straleht or gently curved distribu-
tion guii!t-zm

Elongate ribbon and pod sand bodies
may, but wsually do not, truncate un-
derlving beds.

& Ribbon and pod sand bodies generally

have a biconeave cross section,

7. COwerlying marker members or beds usu-

i

ally are structurally high over thick
clongate sand bodies. The greater the

catio of thickness to width of the sand
body, the sharper the compactional
bump on the zmsia‘iﬁ;:
Unusually thick sand

marker bed.
bodies may result
from superimnposition of two or more
eyeles of sand deposition,

s
[

Surface Maps

Dietailed maps were made of outerops of
one Pennsylvanian and three late Mississip-
pian sand bodies 45 to 487, The sand
bodies were examined for kinds and amounts
of various sedimentary structures, thickness,
fossil content, ;, and character of
: Primary diveetional
properties were measured wherever p le.

{figs.

orain

al contact i exposed,

Anpil Rock Sandstone Member

Figure 44 shows the edge of a channel
filled with Anvil Roek bSandstone that is
exposed in the Gilbraltar strip mine near
Central City, Kentucky, A thin coal above

MAPY 61

. 11 Coal lies directly beneath 20 fert of
Km;’ Rock Sandstone @szw the margin of
the charnel. Both the coal and the shale
underiving it have been eroded and the ero-
siomal channel flled with Anvil Rock Sand-
stone. This exposure demonstrates how ab-
rupt the margins of elongate sand bodies can
b,

Sandstone dbove Ceaal V (Indigna)

The cutout, or washout, in Coal V in T,
25, Re. 7 and 8 W, Pike County, Indiana,
was illustrated by Wier {19557, Low strue-
tural dip into the basin and extensive strip
aned mé(i{ rground mining together provide an
unusual opportunity to combine good sub-
surface information with excellent outerops.

Figure 45, modified from Wier (18533,
shows the mapped area and a simplified strat-
lgraphic section, Outerop observation indi-
cates that away {rom the cutout of Coal V,
south and west of Auvgusta, Indiana, only a
thin sheet sand body is present. This sand
bedy 18 thin bedded and has little cross-bed-
ding. As the cutout 8 approached, the sand-
stone becornes thicker, coarser grained, and
dovelops prolific cross-bedding and an un-
comformable lower contact, Erosion beneath
the sandstone has progressively removed two
thin everlving coals before Coal V is cut out.
Plate 9 shows the unconformity at the base
of the sandstone and the erosion of the upper
of the two coals near the cutout. Generally
within 500 to 2000 feet of the margin of the
cutout, the sandstone les divectly on Coal ¥V
and contains large amounts of transported
coal debris m thin lavers. Goal 'V s thinned
by erosion near the cutout. Along the mar-
i ins of the cutout there are several DENeCoOn-
temporancous slide structures in t?w sedi-
ments above Coal V.

Both the pattern of the cutout and the
distribution of sandstone thickness associated
with it indicate that this elongate sand bodv
is very similar to other Pennsylvanian sand-
stones mapped in subsurface. Field relations
indicate that the elongate sand body devel-
oped alter the deposition of as much as 20
or more feet of sediment above Coal V. The
clongate sand body in and proximal to the
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cutout area fills an eroded channel and, in
reality, consists of three sand bodies super-
imposed {fig. The three sand bodies are
separated by unconformities and have some
bedding contrasts. Sandstones B and € can
be distinguished only in and near the cutout.

handstone A has prolific cross-bedding and
appears to fill most of the cutout. The cross-

bedding of sandstone A in general parallels
the cutout area of Uoal V as determined by
bore heles and mining operations. The cross-
bedding of sandstones B and € also shows a
general correspondence o the trend of the
cutout but has somewhat greater variability
i direction. There is good correspondence
hetween the trend of the whole elongate
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tig. Ad—Fdge of deep chammel at base of Anvil Rock Sandstone in Gibraltar strip mine (Carter
rid rectangle 10-1-29) near Central City, Muhlenberg County, Kentucky, Note sandstone at
top of thin coal to left of channel. Highwall has meximuwm height of approximately 35 feet

above water level

sand body and eross-bedding direction, which
should be helpful in predicting the direction
of the coal cutouts.

Field mapping also demonstrated that the
elongate sand bodies of a single stratigraphic
unit, for example the Vermilionville &
stone, may consist of several pul fe
depesition. The various pulses generally can
be recognized only with difficulty in the sub-
surface. Nevertheless, the possibility of such
a complex history should be kept in mind
when Inferpreting the distribution patterns of
sandstone in subsurface.

In spite of the good exposures in this area,
the relative ages of the sheet and elongate
sand bodies could not be unequivocally de-
ternmned,

Degonia Sandstone

Thick elongate and thin sheet sand bodies
in the Degonia Formation were mapped in
part of Unlon County, Hlinows {fig. 4677
sheet phase of the Degonia bSandstone as

mapped i fgure 46 includes  {(following
Lamar, 1925, pl. 1} some thin sandstone beds

in the upper part of the Glore Formation.

The area of Agure 46 includes the eastern
edge of a large southwest-trending belt sand
bhody in T, 11 8, R. 1 W, and a smaller
elongate sand body in T. 11 5, R. 1 E. Plate
2B is an obligue aerial photograph of a por-
tion of the belt sand body and plate 2A 35 a
photograph of a thin sheet sand body in the
Degomia nearby.

Figure 46A shows the distribution of sand-
stone thickness, grain size, and bedding thick-
ness at each outerop, There is good correla-
tion between thick sandstone sections and
both coarser grain and thicker beds. Maxi-
o measured  thickness of the belt sand
body was 78 feet. Typical exposed thick-
of the sheet sand bodies were 10 to 15

nesses
t.
The directional properties of the sand
bodies are shown in figure 46B. Cross-bed-
ding is abundant in the elongate sand bodies
and parallels the trend of the belt sand body
as it has been mapped in subsurface to the
north {Potter et al, 1958, fig. 14; Potter,
19620, pl. 11, The vertical profile of eross-
bedding in the Degonia, shown in figure 278,
was obtained from this belt sand body (see
VP on fig. 46B). Plate 4B shows some of
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s more
variable in the smaller elongate sand body in
T. 11 8, R, 1 E., where there are three dis-
tinct superimposed sand bodies, each with
different cross-bedding direetions.

Somne cross-bedding was also noted in the
sheet sand bodies. s orientation s broadly
similar to that of cross-bedding in the elon-
gate sand bodies. Strike of asvnmetrical and
symuanetrical ripple marks is approximately
at right angles to the dominant southwest
orientation of the cross-bedding and of the
elongate sand bodies,

the cross-bedding.  Cross-bedding

Although the sheet sand body was found
close to the principal elongate sand bodies

i the Degonia, relative age relations could
not be established in the field,

Waltersburg Sandstone

Outerops of elongate and sheet sand bodies
i the Waltersburg Formation occur in parts
of Johnson and Pope Counties, Illinois {fig.
477, one of the very few areas in the basin
where thick sandstone of the Waltersburg is
eaposed. Maximum observed thickness of the
elongate sand body was 74 feet. The basal
contact is unconformable, Typical thickness
of sheet sand body exposures were 6 to 10
feet, 'The basal contact of the sheet sand
The transition zone

badies 15 conformable.

Fig. Ab—Bandstone cutout in Coal V
Indiana.

(modified from Wier, 1953) in part of Pike County,
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Fig. d6—Generalized geologic map of the Degonia Formation in part of Union County, Hlinels,
showing (A) sandstone thickness, hedding, and texture, and (B directional structures of
sandstone. The sheet phase includes sandstone of the underlving Clore Formation.
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between the two extends laterally about 1000
feet. In this zone the elongate sand body
thing rapidly, Outerop observations did nof
permit determination of the relative age of
the sheet sand body,

There & good correlation between thick
sections, thick beds, and coarser grain (fig
47A). Cross-bedding {fig. 475}

18 almost ens
tirely confined to the elongate sand body,
where it is usually abundant. Variability of
crass-bedding direction is comparable to that
of most of the other sandstones mapped in
detail,

Field observation of sedimentary structures,
erain size, thickness, and contact relations
indicate that these exposures of thick sand-
stone in the Waltersburg do not differ in anv
significant way from other late Missssippian
sandstones,

Aux Vases Sandstane

Exposures of the Aux Vases Formation in
portions of Randelph and Monroe Counties,
Hiinois, exhibit sheet and elongate sand
bodies. Although subsurface data arve limited,
a thick belt sand body can be identified,

Hegding  Ihigkneas Grain size

¥ R T &

L £ 1 foot E Fing
o Cruss-bedding meank i Vary fes

Sand bodisy
% Hpndgione thicknesy Hegd

PR

Fige. 47—Generalized weologic map of the Waltersburg Formation in parts of Johnson and Pope
Counties, Hinols, showing (A) sandstone thickness, bedding, and fexture, and (B) cross-

bedding of sandstone.
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Figure 48A shows the belt sand bedy in

outerop and subsurface. The western border
1

of the belt generally sirikes northesonth and
appears to meander, Sandstone thivkness exe
epeds 80 feet in the subsurface, and one out-
crop section has approxinately 90 feet of
sandstone,  The belt sand body has pro-
nounced unconformity with the underlving

Ste. Genevieve Limestone. The transition
frome belt o sheet sand body necurs within
approximately 2000 feet in the north-central
portion of 1.5 8., B9 W, The sheet sand
body is 8 to 10 feet thick or may be locally
absent. Unlike the belt sand body, it has a
conformable lower contact. Figure 48A also
shows that the cross-bedding in the area has

S1eR0 !
. Ev"
wig "
LR

Losbrne
Rendoish

Fig. 48— (A} Thickness and eross-bedding of sandstone in Aux Vases Formation in parts of
Monroe and Handolph Counties, IHlinois. (B) Detailed cross-bedding map in parts of T 5

. R 8 W, Randolph County, Illinois,




70 JLLINOIS STATE GEOLOGICAL SURVEY R, 1. 217

a south-southeast orlentation, generally par-
allel to the trend of the sand body,

Figure 488 %Esmw the striking Emumwmwiiv
of 83 cross-bedding measurements of a small
area of the helt sand hody.

Conclusions

The detalled maps (fgs. 45 to 48) of the
sand bodies, based on outcrops, support the
{ollowing conelusions:

1. Transitions from elongate to sheet sand

bodies are as abrupt laterally in outerop

as in the subsurface.
2. Elongate sand bodies of anv single

tigraphic unit may consist of two
or three pulses of sand deposition and
thus have had a relatively complex
history,

3. Wherever mapped in detail, cross-bed-
ding npearly always sh owed a strong
preferred orlentation, and ity average
direction paralleled direction of elonga-
tion of sand bodies,

4. Although measurable directional struc-
tures are less abundant in sheet sand
bodies, they suggest that current direc-
tion in those sand bodies was similar to
that of adjacent elongate sand bodies.

Internal Directional Structures and
Elongate Sand Bodies

Substantial information, usually obtained
incidental to other studies in the basin, is

available on the relationships of nternal di-

onal structure and elongate sand bodies,
especially those of Pennsvlvanian age. Poiter
and Olson (19534, fie. &) and Potter and
Siever {1956, iz, 6) showed good correlation
between orientation of two pre-Pennsylvanian
channels and cross-bedding directions of their
subsequent sand GlL Rusnak (19577 made a
study of internal directional properties and
sand body shape. He measured cross-bedding
and sand fabrics of the Pleasantview Sand-
stone in western Illinois and related the re-
sults to channel outline, as determined in
mstfmp by Ekblaw {19313, Rusnak found
{1957, table 31 that cross-bedding, sand
fébliﬁi‘?} and some ripple marks indicated
transport direction to the northwest, roughly

reo

parallel to a part of the channel system
mapped by Ekblaw, Rusnak (1937, p, 52)
concluded that, because channel i,}'ai{.ﬁ{"ﬂf was
to the southeast and internal directional prop-
erties indicated transport to the northwest, the
processes that cut the channel were unrelated
to those that subsequently fil Ewi it

Potter et al. (1958, to 143 found
that average cross-bedding {;ﬁz‘mtmz; and iso-
pach trends of sandstone in the Degonia,
Palestine, Waltersburg, and Tar Springs For-
mations in southern Ilinois had good general
agreement, Friedman (1960, p. %) quali-
tatively observed the corvespondence between
cross-bedding direction gmii trend of muddle
Permsvlvanian channel-filled  sandstones
west-contral Indiana. Moore (1959, p. 5333
commented on the good gualitative &;ﬁi‘ifi?-
ment between orientation of elongate sand-
stomes and cross-bedding divection in Lower
Carboniferous sediments in Great Britain
Doty and Hubert (1962, fig. 1) sl
cellent agreement between oross- ;{*e}dmﬁ i
rection and sand body orientation in the
Warrensbury Sandstone of Mussourt. These
data suggest good agreement between in-
ternal divectional properties and direction of
elongate sand bodies that il many Carboni-
ferous basins,  The present study confivms
the conclusion that the cross-bedding direc-
ton  parallels direction of clongs és::w.;z, as
shown by the Aux Vases (fg. 48), the De-
gonia s"fuf 467, and the ‘»dl%iz‘s‘iﬁ?}(‘ above
Coal ¥ Indiana (fig. 453,

A fsm&ﬁ sand body i the Anvil Rock Sand-
stone Member that has been mapped under-
ground in a mine {Potter and Mast, 1063,
fig. 107 in west-central Ilinois provides addi-
tional nfermation on the relationships be-
tween internal directional properties and di-
rectiont of elongation. Band fabrics of elon-
gate quartz grains from 10 samples were
studied and the orientation of four cross-beds
was measured {Mast and Potter, 1963, fig,
11y, Figure 49 shows the outline of the sand
body as determined in the main haulage
entry of the mine and as reconstructed in
mined-out areas, now sealed off, away from
the haulage entry, The sandstone has an un-
conformable basal contact and a well defined
clongate pattern in the mine reof. Undoubt-
edly, however, it has more irregular boun-
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Fig, 49—Distribution of Awnvil Roek Sandstone
in roof of underground mine at Vieden,
Macoupin County, Iinols, and Internal
directional  structure—eurrent  rose of
gyain orvientation, mean fabrie divection,
and average of all eross-hedding measure.
;zz;;ai« {from Potter and Mast, 1963, e
Y.

daries than those shown and probably con-
tains more “islands” of uneroded material
such as the island of Brereton Limestone that
forms the rool in the porthesouth haulage
way, Both sand fabric and cress-bedding
show good agreement with the trend of the
sand body, The thickness of this sandstone
urtknown,

Collectively, the above resulis imply that
mnternal directional structure of the typical
elongate late Mississippian or Pennsylvanian
sand body can be effectively used to predict
the direction of elongation of belt and den-
droid sand bodies and probably of most
ribbon and pod sand bodies, Although not
many data are available, the directional struc-
tures of the sheet sand bodies generally indi-
cate a transport direction similar to that of
nearby elongate sand bodies.

Multistory Sand Bodies

Detatled mapping of sandstone thickness
in the subsurface revealed the existence of
unusually thick sections of sandstone, These
thick sections can result from the superimpo-
sition of an elongate sand body of one cvele
on an elongat wl body of an underlving
eyele. The name “multistory”™ has been given
to sand bodies of this origin (Feofilova, 1954,

B

p. 2557, Feofilova and Yablokov (19543

gave many examples of two- and three-story
sand bodies 1y the Middle Carboniferous de-
posits of the Donets Basin, Although they
did not use this term, Lee et al. {1938, p. 2)
described multistory sandstones in the Penn-
svlvardan  sediments in Texas.  Andresen
(1961, g, 4y illustrated a multistory sand
body in HHinois.

Figure 50 shows diapranunatically the ori-
gin of multistory sand bodies. Three sand-
stomes of adjacent eveles have distribution
patterns that almost coineide. The points A,
B, and € 1n figure B0 represent three wells
drilled through the sand bodies. In well A
the youngest sandstone {1} is separated from
the oldest (31, No mapping problems arise.
In well € the mtermediate sandstone (2) s
superimposed on the oldest (3). In well B
all three sandstones are well developed and

Fig, 80-The origin of multistory sand bodies
—{ 8% separate sand bodies, (B) a three-
story sand body, and () a two-story sand
body, The poesition of an underlving sand
body  (horizontal ruling) was not con-
trolled by the same factors that localized
aand bodies 1, 2, and 4.



an unwsually thick section resulis,
bility of {hxms;ﬁm%}mg the
stones in well U depends on the abundance
and kind of well data available.

Multistory sand bodies also may develop
from the superposition of belt and ribbon as
well as dendroid sand bodies

The cross sections ﬂf the Mt Carmel (fig,
37C), the Degonia ( 4381, and the Ql@»
press Bandstones i iz éi%(i* illustrate multi-
ory sand bodies 1n subsurface in the hasin,
\izh%miﬁn sand bodies are relatively common
in the McCormick Giroup, as sandstone is
asbundant and intervening marker beds are
poorly developed. Probably the best example
of multistory sandstone development in out-
crop, however, is in the Chesterian Series in
portions of Hardin County, Illines, and
Critteniden and  Livingston Counties, Ken-
tucky, where locally there is essentially con-
tinuous mmi»%um* from the top of the Uypress
to the base of the Bethel {Sutton, Eff?‘}i}%
Baxter et al, 1963, pl 1}, Swann and
Atherton {1948, fig. 5} showed cross sections
of these thick elongate sand bodies in sub-
surface to the north,

commenly  multistory
frem relatively

The possi-
different sand-

and

sand bodies resule
persistent  localization  of
elongate sand bodies by a common control
ling factor. Areas of weak differential sub-
sidence within the basin are the most likely
cause. The persistence of a weakly

 negative
area, localizing the position of e%{ms ate sand
bodies ;hmw%& 2 to 4 adjacent eyeles of sedi-
mentation, would produce the resulis illus
trated in figure 50,0 Less commonly, multi-
story sand bodies can develop from random
superposition, which could be the case in the
area mapped by Mueller and Wanless (1957,
fig. 5).

The association of coal cutouts with splits
in coal beds in the Pennsylvanian Svstern
probably also s a reflection of control of
clastics by persistent localized subsidence. In
west-central llineis a split coal area in the
Herrin (No. 6) Ceal 15 lecally associated
with subsequent channel erosion at the base
of the overlving Anvil Qm\k Sandstone {Pot-
ter and Simon, 1961, oo 9210, It is inferred
that local subsidence iﬁs*im‘zmswé the position
of a small stream carrving silt and mud in
the coal swamp and that later similar local
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subsidence deterrnined the position of the
principal Anvil Rock dendroid sand body.

Clompaction

The cross sections of many of the elong:
sand  bodies  deseribed  previously
structural highs on mukmﬁ zzuiz%@;‘ beds,
Zhemchuzhmikov (1954, p. 9-10] showed simi-
lar compactional im:h\ on a coal bed above
a narrow sandstone channel in the Donets
Basin, Such compactional highs complicate
the identification of small antelinal Hexures
of prue tectonie origin, Brownfield (1954,
po 17) commented on the differential com-
paction over lenticular sand bodies. Mueller
and Wanless (1957) computed the per-
centage of differential compaction in non-
channel areas compared to areas of channel
sandstones. They estimated that compaction
in the shales and siltstones of non-channel
areas was 21 to 34 percent greater than in

areas of thick channel sandstones. Their
caleulations  assumed  that  the  overlving

marker bed was horizontal at the time of its
depositior. Their data alo suggested that
pereentage of compaction  increased with
depth of burial.

Differentinl  compaction  complicates  the
study of x‘;’i;\i(i body shape.
sections of

Obviously, cross
lenticular si(‘szw&{ﬁ’ sand bodies
that use an overlving marker bed as a level

line can produce misleading results, Cross
sections based on a level line below the

sanel body generally provide a better repre-
sentation of sand body shape. Ideally, how-
ever, the best reconstruction of sand body
shape would be obtained by having inde-
pendent estimates of the percentage of com-
paction in shale and sandstone that could be
z.axe.’(! to restore original dimensions.

Age of Sheet and Elongate Sand Bodies

Where a sheet sand body conformably

overlies an elongate sand body, as on plate

3A, it s, of course, younger. Gomnonly, how-
ever, it only a sheet sand body is present, it
is difficult or hmpossible to establish by field
mapping its age relative to a nearby elongate
sand body in the same stratigraphic position.
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The apparent conformable and  trans-
tional basal contact of the sheot sand bodies
with the underlying nents, which are
corumonly at least partly of marine origin,
points to an age older than that of the elon-
gate sand body. By this interpretation the
sheet sand body could be a regressive marine
sanc, Later, elongate sands may have de-
veloped that cut into the more w%{iwrzw;u%
sheet sand bodies, §§w§)xm~ {1958, p. 3840

believed this interpretation gi:g@a{*% 0 §h<

sectis

Anvil Reck Sandstone. Uz% the Mississippi
delta, Fisk {19535, p. 388} found that, as the
delta builds seaward, ae;w;éiéaatmé@% SCOT

channels into the underlving sheet sands. Sube
sequently, these scour channels are
thick sand deposits. This
pears to be s

filled with
interpretation ap-
actory for most late Paleozoic

sheet sand iw('s{izm in the Ilhnois Basin, except
for those that directly overlie thick elongate
sand bodies. Unfortunatelv, no example of
an elongate sand body that definitely trun-
cates a sheet sand body of the same strati-
graphic interval has been found in outcrop
in the basin.

The alternative interpretation, that the
sheet sand bodies are everywhere vounger
than the elongate sand bodies, implies that
most elongate sand bodies represent the fll
of erosional channels and that, as sedimenta-
tion proceeded, first the channel and finally
interchannel areas were alluviated, The sheet
sand bodies would have been produced by the
final alluviation, and thus there should be an
unconformity beneath the sheet sand bodies.
The generally conformable and transitiopal
basal contact of the sheet sandstone contra-
dicts this interpretation. The presence of
sheet sand bodies that are far removed from
elongate sand bodies
as fluvial, alluvial deposits
Another possibility is that
bodies are not exclusively either
older than neighboring elongate sand bodie
but, depending upon the type of vfi{)n;g;w.iv
sand body, may vary in 2
(M poOrancous.

also makes thely origin

unlikely.

saned
X'{”i' ii}“‘i‘ ooy

sheet

e or even be con-

Contouring

Because they have great
thickness, elongate sand bodie
difficult problems in contouring.

variability in
5 mresend most

Dirill heles, as a rule, are unpevenly dis-
tributed. Contouring sandstone thickness by
arithmetic spacing generally vields poor esti-
mates of both width and Jocation of elongate
sand bodies. More effective contouring is
possible if both sand body width and mar-
ginal change in sandstone thickness are de-
termined in areas of dense control and used
as guides in areas of sparse control. Elongate
sand bodies may have either relatively straight
or weakly to strongly meandering lateral
boundaries.

Civer any small arca, from a few square
miles to several tos wzkﬁ%é s, detailed subsur-
face m;fsg&;ymw of '»nuixt{m(* thickness will
nearly always define a trend and pattern of
sand bodies. This pattern is the basis for
prediction of sandstone occurrence and thick-
ness. Because elongate sand bodies in the
hasin appear to be elongate parallel to cross-
bedding direction, knowledge of cross-bedding
arlentation can be a guide to more effective
contouring.

REGIONAL MAPS OF
SANDSTONE THICKNESS

Regional maps of three Pennsylvanian and
for Chesterian sandstones were made for
the southern and south-gentral portions of
the basin where subsurface control is good,
In much of Hlinois and 1}(};%123?3& of Indiana,
two 1o four drill hole s per section, i
available, were used to construct the regional

maps. Elsewhere one log per section was
wwié Figure 51 shows the resultant pattern

of drill hole control for the sandstone in the
St David Cyclothem in the south- (‘z‘n%mi
portions of the basin. The largest of the
regional maps s based on %%?E}NEXEHLHIQI}’
11500 drill hole logs. Electric logs of oil
test holes were the chief source of informa-
{1071

Pennsylvanian Sandstones

The three maps of Pennsylvanian sand-
1A, B, €0, along with these of
(1958} and Andresenn (1961}, show
i not all, of the regional distribotion
gmizeemﬁ of Pennsylvanian sandstones in the
basin. Although Pennsylvanian sandstones be-

stones  (pl.
Hopkins

ot
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Fig. 51—Thickness of sandstone of 8¢, David Cyclothem iIn south-central Illineis, Note

e

andering pattern of principal sand trend (dark pattern),

low the Spoon Formation cannet be region-
ally mapped in subswrface because of the
absence of related traceable coal beds and
limestones, outcrop observation sugeests that
their distribution patterns differ little, if anv,
from those of the higher sandstones.

s

Interval Between Herrin (No, 6
and Haorvisburg (No, 5) Ceals

The mterval between the Herrin (No, 8}
and the Harrisburg (No. 50 Ceals contains
two sandstones (pl 1. The sandstone be-
low the Herrin (No. 63 Coal, the Vermilion-
ville Bandstone, is the principal sandstone in
this interval. The other, an vnnamed sand-
stome of the Briar Hill Cyclothem, occurs be-
tween the No, § Ceal and the overlving Brar
Hill (Ne. 5A) Coal. The Briar Hill Cyvclo-
them s largely confined te the more rapidiy
subsiding portion of the basin, where an
additional coal is present locally, possibly
representing a higher wnnamed cycle. Be-
cause of these complications, it was not

feasible to measure the thickness of the Ver-

¥

miliopville  Sandstone  alone.  Locally, the
strata in this interval have been eroded and
subsequently filled, at least in part, by the
overlving Anvil Rock Sandstone, These fac-
tors result in a relatively complicated map
pattern,

Asymamnetry of sand  development—little
sandstone along the western and northern
parts of the area and relatively abundant
dendroid sand bodies along the eastern side

is shown on plate 1A. The principal fea-
ture of the map is a svstern of belt and
dendroid sand bodies that extends from Knox
County, Indiana, westward and southwest-
ward into Illinois. This svstern has a series
of delta-like distributaries in portions of Ham-
iton, Jefferson, Franklin, White, and Marion
Counties, Illinois, and also extends to the
south into Saline County, where it divides
into several distributary dendroid sand bodies.
Where the Vermilionville Sandstone (in the
wiap area) is thick, the No. 3A Coal is usually
absent. To the west and north of the principal
cistributary system, there is little sandstone in
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the mterval. Bevond the map area in northern
and western Hlinois, the ocourrence of several
dendroid sand bodies (Willman and Pavne,
1942, po 127-128; Wanless, 19537, p. H7-108)
suggests the presence of another distributary

SYSLEnL.
In contrast to gmm* sand development in

the western part of the mapped area, a series

of clongate sand bodies 5 found along the
castern side of the basin in Indiana and Ken-
tucky. A well delined dendroid sand bedy
trends southwestward in Gibson and Vander-
burgh Counties, Indiana,
into Henderson County, Kentucky, and turns
westward in Union County, RKentucky, In
northern Webster County, Kentucky, the
same dendroid sand body joing two east-west
channels in Daviess and Hophing Counties,
f‘i{‘timf‘%v Alemg the Wabhash River Valley
in White and Gallatin Countles, Hiinois, and
Posey and Gibson Countics, Indiana,
series of small apparently isolated,
sand | relatively complex pattern,

fact, be part of a complex

extends southward

elongate
bodies with
These may, in |
dendroid system,

Interval Between Harvisburg
and Summum (No. 4) Ceoals

In Tlinods the inte dE iw“m e the Harris.

burg (No. 57 and 5 nn {No. 4y Coals

containg the a:&zzdm»zw wé %ii St David Cyelo-

them.

defined, the sandstone in this interval can be

i

Because the bounding roarkers are well
mapped with conlidence over a wide area of
the basin {pl IB}. The interval co
relatively little sandstone
affected by erosion.

ntaing
and also In littde
The sandstons
e basin-wide pattern of well defined mean-
dering dendroid and belt sand bodies, Neither
tributaries nor distributaries are numerous.
Two dendrowd sy

hz*» A sl

stems combine in %%;z*l%w
County to form a meandering dendroid and
belt mmq?

body that extends southeastward

mi(: Knox and Gibson Counties, Indiana, In
It sand body

Uiitbson County this dendrotd-bel

joins an east-west belt sand body that exte nds
imnte Wabash County, Ilinois. In northern
Knox County, Indiana, there is a well defined
helt sand hod v that is probably connected
with the east-west belt sand body in Gibson
County, From Wabash County a relatively

%

Fdf

w

narrow dendroid extends southwestward to-
ward the outerop. Westward in Clinton and
Washington i.a:sz;rmm, 1llinois, there is some
sandstone, In Posey County, Indiana,
there is an irregular band of sandstone locally
e than 20 feet thick. In Kentucky a few
irregular elongate sand bodies are in this
mnterval.

local

Interval Between Colehester (Neo, 2
and Davis Coals

The Palzo Sandstone Member in lineis,
which is called Coxville in Indiana and Sebree
i Rentucky, is the principal sandstone of the
interval between the Colchester (No. 2 and
Diavis Coals. Because the underlving DeKoven
Coal Member is not consistently well devel-
oped, it was not possible to map the Palzo
Sandstone separately from a lower, usually
thin, sandstone beneath the DeKoven.

Dendroud and belt sand bodies of the Palso,
Coxville, and Sebree Sandstones commonly
have a preferred orientation to the southwest.
A few are mwntr*& to the south and south-
west | gaﬁ i

A major Ex It saned body, 6 to 10 miles wide,
{‘kt{‘nda southwestward in Illinois from
Wabash and Edwards Uounties into White
Connty, From this point a combination aéf
helt and dendroid sand bodies extends acro
Wayne County into Jefferson, Franklin, ;mzé
Williamson Counties. From northern White
County two other complex dendroids extend
southwestward. Both are extensions of the
large belt sand body of Wabash and BEdwards
Counties, [n ‘dminnwuazz and Perry Counties,
Hinods, defined dendroid s oriented
to the southwest,

In Wabash County, 1llinols, the large belt
sand body is joined 533 a smaller channel from
the east that can be traced into Gibson and
Pike Counties, Indiana. A combination belt
and dendroid sandstone extends westward
from the Indiana outerop in Warrick County
across Vanderburgh and Posey Counties into
Kentucky, back into Posey County, and joins
a channel sandstone in the area of the W &im:@é
River mn Gallatin County, Hinots.

In Kentucky, the over-all distribution pat-
tern is complex. Several dendroid systems are
present, and both tributaries and possible dis-

a well
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tributaries occur. Insouthern Hopkins Coune
ty, Kentucky, the correlation of the Davis
Coal s uncertain on electrie logs.

Chesterian handstones

the sandstones in the

The entire extent of
ltersburg, and Harding-

Degonia, Palestine, Wa
burg Formations was mapped. The maps
show most of the typical patterns of Ches-
terian sandstones o the [llinols Basin and the
thickness of the major sand bodies.

Sandstone in the Degonia Formation

The principal feature of the sandstone in
the Degoma Formation 1 the porth-south
belt sand body with s southwest-trending
channel tributaries that join it from the east
{pl. 1D}, Broad areas in Indiana and Ken-
tucky have little or no sandstone, The map
Penngvlvanian channels, the

also shows Pree

largest of which is the Evansville channel
{Wanless, 1955, p. 1765},
The north-south belt sand body is locally
more than
trending dendroids join it with acute “down-
streany” angle, two of themy in Wayne and
Hamilton Counties, Tllinois. The third be
i Gibson and Posey Counties, Indiana, er
White and Hamilton Counties, Illinois, and
joins the main belt sandstone in Franklin
h

15 miles wide., Three southwest-

{55

County, Hlneis. What may be a distributary
complex occurs in Williamson and  Saline
Counties, 1Hnois. Comparatively lirtle sand-
stone is present in the Degonia Formation i
either Indiana or Kentucky.

Sandstone in the Palestine Formation

The distribution of sandstone in the Pales-
ting Formation is shown on plate 1E. The
principal feature of the map is the distribu-
tary systern that extends southwestward from
Edwards County, Tlineis. This combination
belt and dendroid systemn bifurcates in White
County. The eastern arm bifurcates in south-
western Hamilton County and again in Wil-
Hamson County. What may be nall tribu-
tary dendroid sand body extends from eastern
Wayne County southward to northern White
County, Elewhere in 1lhinois, sheet sand

bedies are conunonly present in the Pales
tine Formation, but there are some areas
where no permeable sandstone occurs. In
mest of Indiana and Kentucky only sheet
sand bodies are present and there is a sub-
stantial arca in Kentueky where electrie logs
indicate that no sandstone 1s present.

The secondary feature of the map s a
narrow elongate sand body that extends from
the outcrop in Spencer Gounty, Indiana,
southwestward through Daviess County into
Wehster County, Kentucky, Although shown
on plate TE with a high degree of continuity,
this sand body may m fact consist of a series
of en echelon ribbon sand bodies, [t mav e
i the upper part of the Menard Limestone.

Beeause the Palestine les stratigraphically
lower than the Degonia, pre-Pennsylvanian

valleys are less prominent.

Sandstone in the Waltersbury
Formalion

The distribution of sandstone in the Wal-
tersburg Formation (pl. 1F} is more complex
than in the Degonia. Despite this complexity,
the map shows a strong southwest trend de-
fined by pods, ribbons, dendroids, and belts.

One of the principal areas of sandstons 1
along the Wabash Valley in Gibson, Vander-
burgh, and Posey Counties, Indiana; it ex-
tends nto Henderson and Union Counties,
Kentucky, and Gallatin County, inois. This
complex of dendroid and belt sand bodies has
an over-all strong southwest trend. The east-
ern margin of this complex s relatively
straight and abrupt throughout most of its
length, but in Henderson County are what
may be two elongate deltaic distributaries.
The one appears to terminate along the Ohio
River and the other extends southwestward
toward the outcrop. The latter may be a
series of en echelon ribbon sand bodies.

Sand accumulation to the southwest in
Jasper, Edwards, Wayne, Richland, White,
and Hamilton Counties, Illinois, also is shown
on the map. Southwest-trending sand bodies
predominate, A sand body also extends north-
westward from Riehland County mto Effing-
ham County. Two narrow elongate sand
bodies in Richland and in Lawrence, Wabash,
and Edwards Counties appear to have sup-




COMPLEXITY OF
1 a;mc? to the southeastern
Hlinois area north of White County,

Cither features of the Waltershure are s

ed most of the

These
south,
In southern THinois the rvibbon

isolated pod and ribbon sand bodies.
generally are oriented to the southwest,
or southeast.

sang bodies have weak en echelon arrange-
ent,
Most of the arvea in which the sandstone of

the Waltersburg i thick lies within about 30
miles of Wabash River. Sandstone s
largely absent to the west and north of this
area and in most of Kentuck v, except as noted
previously,

Pre-Pennsvivanian channels arve largely re-
stricted to the marging of the mapped area,
except in Indiana where the Evansville chan-
nel {Wanless, 1955, 1763
oped.

the

s well devel-

Sondstone in the Hardinsbury
Formation

The sandstone in the Hardinsburg has a
pattern of moderate complexity,
feature Is a large a%!xm%mmzx 5y
can be fraced
County, Indiana
outcrop (pl. 167,

In Knox i‘lz:’sim%}“, Indiana, the belt sand
body bifurcates, one arm turning westward
into Illinois ¢i§§{1 the other continuing
‘i’k’dlﬂ BUTOSE (il?}.‘w&}iii

L principal
stem, which
Konox
southward to the southern

from the subcrop n

sith-
Vanderburgh, and Posey
Indiana, into Henderson County,
I Posey County there arve several
distributaries trending westward Into Hlinois.
In much of western Kentucky the sandstone
has a more complex pattern with numerous
bifurcations and  distributaries. Along  the
eastern margin ol this complex, sandstone
thickness decreases relatively abruptly i a
series of small distributaries of bird-loot out-
line, conmumonly oriented northeast and south-
east,

Clounties,
Kentucky,

The major bifurcation that enters Tinois
from Knox County, Indiana, extends south-
westward across Wabash, Edwards, White,
and Franklin Counties in a relatively complex
pattern. Width of thick sandstone increases
in a southwesterly direction, especially as suc.
cessive bifurcations develop. From Jackson
County on the west to Gallatin County on

SAND DEPOSITION 77
the east there are six bifurcations, Although

not so well defined, the northwestern side of
this distributary svstem has some small dis-
irtbutaries, To the west, northwest, and north
of the distributary system, sandstone thickness
decreases progressively until there arc broad
arcas with no permeable sandstone.

Summary

1he reglonal maps show many similar fea-

tures, A suminary of the significant data [ur-
nished by the maps, combined with that of

previpusly published regional studies (Hop-
kins, 1958; Potter et al, 1958; Andresen,
1961 Potter, 1962a, b)) and supplemented
by information on sandstone distribution ob-
tained from outcrops reveals that
17 Elongate sand bodies commonly are
artented to the southeast, south, and
southwest.

25 Pod, ribbon, dendrold, and belt a;md
bedies are all present in most areas
3% Both tributaries and ¢ mmimmnm oC-

LU,

47 The various patterns of sand distribu-
tion are part of an integrated dispersal
systen.

Complexity of Sand Deposition

In evaluating the regional maps of sand-
stone  thickness, the actual complesity of
events that they represent should be kept in
mind, To interpret regional sand body pat-
terns as the result of a single episode of sand
tispersal could be an oversimplification.

For instance, the complexity of patterns
displaved by the Sebree and Coxville Sand-
stones in Kentucky and Indiana {(pl 10}
suggests that their distribution patterns did
not develop simultaneously, The relatively
complex regional pattern of the Waltersburg
(pl 11 a]m may represent markedly differ-
ent ages of sand dispersal in the basin. What
is mmmm}ig thought of as one continuous
sequence of sand deposition may, in fact,
represent several periods of deposition.

Another feature that complicates the inter-
pretation of the reglonal maps is the uncer-
tainty that commonly exists concerning direc-
tion in which elongate sand bedies developed
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in the basin (Botvinkina, 1958). Is sand
deposition oldest at the southern edge of the
hasin and voungest at the northern edge or
vice versa? Only when sand deposition had a
definitely deltaic pattern — like that, for ex-
wmple, found in the Palestine Formation —
ran a prograding sequence be assumed with
some confidence.

A third complicating feature, especially n
Chesterian sandstones, sterms from the marine
transgressions that usually directly followed
sand deposition. Superposition of marine on
enviroments may produce sand
bodies of mixed enviromental orging that
may be included as one sand thickness on a
map and hence complicate interpretation,

BONINATING

Source of Sandstone in Tributaries

The source of sandstone i wibutaries s
difficult to determine. Hopkins (1958, p. 41),
Friedman (1960, p. 35.40) and Andresen
{1961, p. 26) all commnented on this gn‘ﬁbiﬁma
In part, the sandstone 81 of the tributaries
mway have been derived from the erosion of
underlying sediments, Friedman (1960, p. 40.
45} thought It possible that small middle
Pennsvlvanian sand bodies along the eastern
edee of the basin were derived [rom erosion
of older Pennsylvanian sandstones east of the
present cutcrop. This explanation is not gen-
erally &s;péw?w* Hopkins (1958, p. 11-42;
thought the minor ¢ En.z.z;m,.s&\ mayv have derived
their sand from crosion of the underlving
sheet sand deposited earlier in the same «
Another possibility is that sand may have been
introduced Trom what Is now the main elon-
gate sand body, at least near the junction,
The good permeability of the fill %Ez*f;}miﬁ that
this is unlikelv, however, because
A1l should be pr m{tsg.}&ézg silt and mud.

Anocther ‘aiwm*}f s that some of the tribu-
taries are in fact distributaries, Although this
explanation would solve many problems, it
cannot be applied to those wributaries with
dendritic pattern that join the main sand
body with a well defined, acute “down-
strean” angle. The smaller and conmmonly
irregular, appendage-like sand bodies that
sometives ocour near z’*Euz’} gate sand bodies
{see T. 6 5., R, 12 W, of figure 33 and Ts. 5
and 6 8., R. 13 W. , of .{;.;;;1.11@.* 35 may in {act

slackwater
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correspond to crevasse fillings similar to those
found along the lower courses of some large
rivers.

Elongate Sand Bodies and Loeal

Tectonic Structures
Althourh major structures such as the
Laballe Anticlinal Belt undoubtedly influ-

enced position and orfentation of some elon-
gate sand bodies, the effect of relatively local
structures on location of such sand bodies is
less clear. Separation of local rectonic strue-
tures from those of compactional origin can
be difficult. Moreover, once the tectonic char-
acter of a structure has been established, it is
necessary to determine whether it existed
when the sand body was deposited. Friedman
(1960, p 45-47) noted some of the compli-

factors. Andresen (1961, p. ”%im‘* )
suggested that the principal ?7@{’ It and dendroid
sand bodies of the Trivoli Sandstone avoided
structures in the basin such as the Clay ity
Antichnal Belt. In general, however, relations
of ribben, dendroid, and belt sand bodies to
loeal structures are not clearly established,
suggesting that other local factors, perhaps
operating more or less randomly on a weakly
melined regional slope, were of comparable
mmportance.

cating

WVariable Thickness of Sandstone

Along Band Bodies

Regional nxm% reveal pronounced local
variations in thickness along many well de-
fineel elongate sand 1)04%3,:% especially those
with dendroid and belt distribution patterns,
The reasons for this lengthwise variation in
thickness are not completely understoad,

Local development of multistory sandstones
1s one possible cause of thick sand bodies. In
places, however, such development
definitely can be excluded — for instance,
where the sandstone lies %)emmn marker beds,

Another possibility is that an erosional
channel was originally filled partly with sand
and partly with silt and mud. If the silt and
mud were rvegularly deposited at the botton
of the eresional channel, they could not be
distinguished Trom underlving shales and silt-
stones by clectric logs. The logs would indi-
cate an irregular thickness of wndstone,

many
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sztg ser explanation that mav apply, espe-

ly to some ribbon sand bodies, s that
vnequal thickness of sandstone mzagﬁx reflects
variable local (‘.‘§m‘;s{’ﬁim of sand deposition, A
ies change to the associated s
plied rather than 2§;<% incomplete sand Gl of
an erosiomal channel,

Still another possibility, not a
very likely one, is that the elongate sand body
might have developed over either an active
synclinal structure, in which case the sand-
stone would be thick, or an anticlinal strue-
ture, in which case the sandstone would be
thin.

Choice of one of these alternatives requires
detailed study, and interpretation I8 com-
z;ifﬁrﬁy very difficult,

shale is im-

althoush

radients for

Sand [hspersal

Although the direction of sediment trans-

port in sandstone can be established with
confidence, It s still diffienit to reconstruct
the gradients of sand transport. The fact that
major sandstones are either transgressive or

rz*fmwiw further complicates estimates of

1as inferred local
voas 14 feot per
Andresen

\E“aéw*!zmm (1960, p. 16)

gradients in Indiana as hig
mile for Pennsvivanian sandstones.
(1961, . 15 a:zzf,s;i sted approsimately 1 {foot
per mzlw im“ the Trivoll &éiz;mmmx Hinds and
.%%%3:}* p 81

Grreene | suggested a gradient of

14 1o 2 feet per mile for the Warrensburg
Sandstone in Missouwrl Althoush gradients
undoubtedly varied in the IHlinels DBasin,

gradients less than 1 foot per mile, and prob-
ably less than 0.5 foot per m e, may have
been typical. A gradient of less than 0.5 foot
per mile would compare favorably with that
of the Mississippl River frem Caire, Illinois,
to the Gulf of Mexico, which, over a distance
of 1000 miles, has an average gradient of 0.3
{oot per mile.

ORIGIN OF
5 %Rl}b

L1y

I;}iﬁgﬁt*?:a,i Sysis

inewide patterns of sandstone dis-
the Illineis Basin provides the
gssential clue to their origin.

tribution in

JEOIC SANDSTONES 9

The idea i}nt the great bulk of late Pale-
ozoie clastics of the lllineis Basin was trans-
ported to and across the basin by an integrated
dispersal systern was fist proposed by Stoart
Weller {‘E 27, p. 261, who suggested that an
ancient river system, entering the basin from
the north, was the prine zpﬁ supplier of late
Mississippian clastics. This river system, which
has been named the Michigan River by
Swann (1963, p. 127, was comparable to, if
not 4 ﬁf scendant of, the earlier Ontario
River (Pepper, deWitt, and Demarest, 1954
po 95-107%, which is believed to have trans-
ported clastics from southern Labrador and
(luebee to the Berea delta in Ohlo. Such
river systems carred the detritus from far-
removed source regions to the mildly subsid-
ing hasing of the craton,

Gilligan (1919, fig. 2) suggested a some-
what similar z’%wf system for the dispersal of
the Millstone Grit in the coal
of Great Britain. Moore (18959}
emphasized the role of deltas in the Lower
Carboniferous {"‘{vg)m% s of Great Dritain, as
Zhemchuzhnikov et all {1960, pl. 7, figs. 39,
47, 54 pl. 8, figs. 56, 58} did for the Middle
Carboniferous iéi*gkwhltﬁs of the Donets Basin,

the clastics of

mensures

Individually, the sandstones of the basin
show one or two of four basic reglonal pat-
(11 dendritic tnbutaries, (2} anas-
zwmmszzg braided belts with some tributaries

distributaries, (37 deltas, and {4} off-
shore marine ribbons and pods. Figure 52
the relationships among these pat-

o

and

shows
terns,

Some sandstones, such as the Triveli (Ane
dresen, 1961, fig. 73 and the Degonia {pl
10y, display chiefly dendritic tributary pat-
Oithers, such as the Palzo Sandstone
alents and the Anvil Rock Sand-

terns.
anc its equiv

stone, show dendritic tributary patterns com-
bined with relatively ecomplex patterns of

braids, tributaries, and distributaries, Sand-
stones such as the Palestine have simple
deltaic patterns. The Hardinsburg ha
complex deltaie pattern that is in part com-
bined with a complex system of braids, tribu-
taries, and distributaries. The sandstone in
6 and No. 5 Coals
also appears to represent a combination of
deltaic and braided belt patterns. A deltaic

AR A more

the interval between No.
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Mites
2 50 e

Va DENDRITIC TRIBUTARIES

/ Choracteristic of monay sond-
stones.  Pottern develops upsiope
toward “basin marging”

BRAIDED BELTS

Major sond input ond low
grodient produces anostomesing
and meandering sand belts € 1o

30 miles wide, Belts tecionically
legalized.

DELTAS

Develops downsiope near
“marine edge”

MARINE RIBBONS
AND PODS

Chargeteristic of downsiope
marine sond deposition on
shollow morine shelf

e | -

< \ i
MMMMM SRR SR SN O
- / / !

7 j‘( , £ . }

c S /
A « /
o P J y z‘“j .
P - )

Fig. B2—IMapersal system for Pennsvivanian snd late Misais

Hasis,

origin may also apply to the Pleasantview
Sandstone  of Ithinois and would
explain the apparent anomaly of Internal
direetional properties that indicate a north-
westward “up-gradient” direction of sediment
transport {Rusnak, 1957, table 3}, Through-
out much of its southern extent, the sand-
stone in the Waltersburg Formation contains
many pod and ribbon sand bodies. These
appear to represent pro-delta marine deposits.
Much of the sand deposition in the Big
Clhifty in Indiana and Kentucky and the Spar
Mountain and Aux Vases in southeastern
Mineis (Whiting,
the Waltersburg.

Within the southern two-thirds of the basin,
where subsurface data are sufficient for ade-
quate regional maps, most maps of sand
thickness display one malin map pattern and

wesiern

3

397 may be similar fo

sippian sandstones of the Illinois

one or twe subordinate patterns. The sand
dispersal  systern (fig. 527 was  extensive,
perhaps as much as 400 1o 8O0 wiles long,
and most maps of sandstone thickness show
only part of it. Simplified maps of sandstone
thickness in the Palestine and Hardinsburg
Formations (figs. 53, 54) show the relation
of the dispersal svstem to the paleoslope.

In figure 53, the outline of the Palestine
delta svstern is shown, together with an iso-
pach of the underlving Menard Linestone
ared @ current rose of all the Palestine cross-
bedding. The strike of the isops f

) ch lines of
the Menard is considered as depositional
strike. The delta outline and the cross-
hedding are essentially perpendicular to dep-
ositional strike,

In figure 54, the delta of the Hardinsburg
Sandstone is shown, together with a current
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rose of all the Hardinsburg cross-bedding and
the total thickness of all linestone in the over-
ling Glen Dean and the underlying Haney
and Fraileys Formations. As in we 53,
southwest orientation of the delta and dep-
osittonal strike defined by total limestone
thickness are essentially perpendicular, One
difference is the thinness of limestone in the

vicinity of the principal eastern distributary
that extends southward across Indiana into

Kentucky, The thinness of both the under-

ving and overlving lmestones may rellect

KEY
Deltg distributaries
R {gi)\x

Isopach of Menogrd Ls.

Bose of Pennsylvanion Syslam

S g

Subsurface Hmit of fop of Palesting Fm,

the inhibition of carbonate deposition during
periods of marine transgres

on by mud de-
posited “offshore” or down dip of the ances-
tral river that deposited the sands of the
Hardinsburg delta.

Delta orientation, thevelorve, agrees with
other evidence and indicates the paleoslope
of the dispersal system of late Mississippian
sandstones, Late Mississippian cross-bedding

substantiates the orvlentation of these delia
patterns. Gilligan (1919, p. 283284 early

sted shimitlar asreerment in the Millstone

Fig, 53—Delta patiern in Palestine Formation, with isepach of waderlving Menard Limestone.

Limestone isepachs give deposifional strike.
B2

of 79 eross-bedding measurements,

Current vose shows distribution and mean
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Grit, The southw
aerial erosional ch

st orientation of the sub.
annels of the Mississippian-
Pennsylvanian unconformity { Wanless, 1955,
fig. 2} indicates that this slope continued to

prevail during a major erosional interval.
During  Pennsvlvanian time, most of the
dendritic patterns and complexes of braids,
tributaries, and disteibutaries also were ori-

KEY
e Dalte disteibulories
. Miles
e fsopach of Glen Deon, Honey, and Froileys Ls. B
O 25 50
e d ™ Base of Pennsylvanion System S

e Subsurfoce lmit of top of Hordingburg Fo

Fig. B4—Delta pattern in Hardinsburg Formation, with isopach of limestone of the everlying
{vlen Drean awnd uonderlyving Havey and Fraflevs Formations., Limestone isopachs give

depositional strike, Current rose shows distribution and mean of 118 eross-hedding
measurements,




ABSENCE
ented to the southwest., A « Eia;wm&é systern
operating essentially perpendicular to depos
tional strike therefore supplied most {‘si the
material for the late Paleozoie
Diepending upon sand input and magnitude
of transgression or cither delta
distributaries developed on a shallow marine
shell or dendritic patterns and complexes of
tributaries, and utaries devel-
oped on a low-lying coastal
its greater quantity of elastics, dendritic and
complex braided patterns are more com-
mon in the Pennsvlvanian System than in
the late Miss \&z:; pian, in which deltaic, rib-
bon, and pod patterns predominate.

sandstones,

FOgTessing,

distril

braids,

Late Paleozoic Deltas of Illinois Basin
and Mississippi Delta

Several comparisons between coal meas-
ures in ancient basing and :s;wiwrz delias
have been made, Moore (1858, 127131
1959, table 3} compared humﬁiy mz;;fi«a; rock
types of British Lower Carboniferous eyelo-
therns to Mississippl delta deposits. Gray,
Jenking, and Weidhman (1860, p. 58}
pared the {Lawm rock types in late Paleozoie
sediments of Indiana to those of the Gulf
Cloast, Beerbower (1961, wble 2) compared
lithologies of the Dunkard Group, which
closely corvespond to those of late Paleozeic
clastics i
alluvial sedime

O

and

to modern Mississippt delta
5. Although other deltas
have rather different characteristics {Scru-
fon, 1960: Van Stranten, 1960, the come
parison of the late Paleozoic deltas of the
Hinots Basin to the Mississippl deltn is ine
structive {table 6.

Most of the arenaceous and argillaceous
clasties of the modern \’\{i%\‘ii??gﬁ delta and
the late Paleczoic clastics of the Illinois Basin
are essentially identical. Depth nff shelfl varies
and 18 responsible for most of the contrast
between them.

The Mississippi delta has both *shoal-
water” distributary channels and deep-water
bar fingers at the mouths of the delta dis-
tributaries (Fisk, 1855, p. 380390, but only
shoal-water distributary chanpels appear to
be present in late Paleozoic strata.
stonal contact at the b

86,

The ero-
s of most thick elon-

in, Because of

OF DEPOSITIONAL-STRIKE SAND BODIES a3

Hlinois Basin also
sandstones of bar-finger origin
gradational and tr vamzzzmmé basal con-

sand bodies in the 1
sts that

gate

YLV ER
sugges

with

tacts {Fisk, 1955, p. 3¢ are largely absent.
Proximity to the edge of the continental

shell inbibits forward growth of the Missis-
sippt delta, but during late Paleozoic time a
similar shell may have been 400 to 500 miles
wide, A probable wide expanse of shallow
water in a broad embavment appears to
have inhibited strong longshore currents, A
wide, gently sloping and subsi iding platform
far-rang g ions and re-
late weoie time, whereas
a similar change in base level would have less
effect on most modern strand lines,

favored

gresstons during

the large volume of mud and
sand, carbonate development is restricted in
the modern Mississippi delta, but carbonate
deposition did ocour in Pennsvivanian thme
and was extensive in Chesterian fime.

tecause of

Dmportant as they are for the insight they
provide into late Paleozoic sedimentation in
the basin, sandstones of deltie origin are
probably less abundant than those with com-
plex braids and tributary patterns,

Absence of Depositional-Strike
Sand Bodies

The major missing ingredient in a com-
gﬁmxmi with the Gulf Coast region s the
absence in the Illinois Basin of elongate sand
bodies that he essentially parallel to deposi-
tional strike, such as the barriers q}f}y&ff the
Gull Coast described by Shepard | 1960, ii

or the cheniers of ‘Ehez M ssippi
delta (Byrne, LeRoy, and Riley, 1959, g‘)f 13
Moreover, sandstones with | sedding similar

0 :ém deseribed in modern beaches (MceKee,
p. 1706-1718)

i im% Palec
sence of elo

e

have not been ohserved

The general ab-
ate sand bodies with orientation
perpendicular to regional slope suggests that
either there were no major lor

solc oute TS

10re cur-
rents perpendicular to depositional strike or
that depositional strike barviers, i they id
originally exist, were not preserved. Although
the northwest-oriented sand body in the Wal-
tershurg (pl. 1F} that extends from Richland
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TABLE 6—

DEMENTS

LATE PALEGY

OF THE MODERN
G HLLINGIS BAS

FRVEY R, I, 2i7

MISSISSIPPT DELTA AND THE

5

Property

fate Paleos

Clastic sediments

1

and s

FOOTR
Noreclastic irnerts Peaat

Orlentation with ro-
spect to reg
slope

ntially pa
onal slons

Localization of delis

Exter

Fobavioent

“Shoa!l water” delta channels,
sheet sands, silts, siley muds
t3 and muds with pl

torn of Mis

“Bhoal water”
) sheet sandstones, s
nt shales, and  underck
plant roots

Coals

onal

Lasery

astic sediment

Non-clastic sediments

{lepth of shelf

#

e
fomi
]
b
]
fain ]

{’;i}'z}(,iliii‘ii”%;

wed by rapid ol

deep
sand

sands and
el to depositiona

@ Pod and
ies  orieated

il

favors
development
BOTE CHPTEnLs

Wty

th deposits
v would
cedd mrigration
inental shell
v, retards

‘,‘ 1
ratuen

to Effingham County, Illinois, may in part
have been a barrier, the vast mal
ribbon and pod sand bodies tend to orlent
to the southwest, parallel to regional slope.
Such sand bodies do not be para
itional strike and thus differ from the bam
of the Gulf Coast. Although the evi
not definitive, because of lack of diamond
drill core samples, there appears to be little
lithologic contr i f these
elongat

rity of

lel to depos-

ility of their o
as depositions sarviers that would hav

separated marine from nonmarine sediments.

Origin of Marine Pod and Ribbon
Sand Bodies

Several possibilities seem hikely for the ori-
gin of the southwest-oriented marine pod and
ribbon sand hodies. One is that they are ma-
rine shallow shelves by
al currents generally operating perpendic-
wlar to depositional strike, An absence of
strong longshore currents would favor such
an orl e
re or have been

listributaries,
described

sands formed on

gin. Such ddal currents may have ope
ated relatively far from s
closely associated with de
Oomkens and Terwindt
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such inshore estuarine sand bodies in one of
the Rhine-Maas estuaries in the Netherlands.
The sands of that estuary are believed 1o be
of marine origin and to have formed in re-
sponse to tidal currents. Cross-bedding is
present and parallels both the direction of
elongation of the sand body and the orienta-
tion of the estuary. O [1963) presented
numerous examples of “tidal current ridges
that occur on modern marine shelves with
strong tidal currents and a plentiful supply
of sand. These ridges are from 25 to 100 feet
high and from 5 to 40 miles long. Such ridges
parallel tidal currents that are perpendicular
to depositional strike. Tidal curvents on car-
bonate shelves also may have been responsi-
ble for (i{*pe‘wii’i(‘%f‘; ol some of the sandstone of
the Ste, Genevieve Formation.

Another possibllity is that some of the
isolated pods and ribbons in late Missls-
sippian time may have been formed by jet
currents off the mouths of delta distributaries
(Bates, 1953, Jet currents i a broad, shal-
low, marime embayinent would probably have
been more effective than
along many modern coast lines because long-
shore currents probably were weaker.

stmilar currents

The possibility that some of these marine
pods and ribbons may have had a turbidite
origin, as suggested %m Passega (19547 for
some elongate sand bodies of marine shelves,
seerns unlikely, especially in view of the sedi-
mentary structures of the sandstones, which
are not those of tvpical turbidites,

oy

in the Pennsvivanian and in late
Mississippian sandstones of the basin, some
pod sand bodies may have originated as
channel-all deposits.

ST

Paleoslope and Differential Subsidence
Within the Basin

Comparison of the crose-bedding data of
table & and the regional maps shows the
broad similarity of transport direction in the
various parts of the This stmilar
a reflection of the stability of the paleoslope
m late Paleozoic time. Moreover, the loca-
tion of s of differential subsidence ve-
mained relatively constant. Thus the thick-

is

ares

AND DIFFERENTIAL SUBSIDENCE

o
o
Lt

ness, lithologie proportion, and paleoslope of
different units vsually arve more alike in
vertical section than the thickness, litheologic
proportion, and ;)aims%vps of a single mz;g:
compared laterally across the basin, A
mentation progressed, maintenance of «Ef}gﬁ?
orientation and areas of maximum  sub-
sidence were resporsible for many multistory
sand bodies and for the areas of similarly
oriented belt sand body development,

distribution of
1 and Pennsvlva-
however,

Some contrasts between
clastics in late M3
nian fune

are present,

The proportions of shale and limestone in
the late Mississipplan strata differ on the
southeastern and northwestern sides of the
;}rim*% pal axis of sandstone deposition located
along the Wabash Valley. Although nearly
all carbonate units thicken to the south in
the basin, the southeastern part of the basin

has the highest proportion of carbonates
(Bwann and Bell, 1958). Some clastic units,

such as the Aux Vases, Bethel, and Cypress,
are almost completely replaced by carbonates
at the southeastern corner of the basin ,
Farlan et al, 1955, In contrast, many for-
mations like the Waltersbure and Farding.
burg consist principally of shale northwest

" the major sandstone trend. This indicates
that muds were more readily éit‘g}ux;z{*ai to
the northwest than to the southeast in Ches-
terian time. A somewhat similar contrast can
be observed aleng the Gulf Coast, Carbon-
ates and quartz sands are moere abundant
cast of the modern Mississippt delta and
muds more abundant to the west (Gould
and Btewart, 1955; Van Andel, 1960), The
absence of deposit ’i(’}gg"iiw«;ﬁ;?i%{* sand  bodies
and the presence of pod and ribbon sand
hodies oriented to the southwest suggest
caution, however, in interpreting this con-
trast as a result of lo m}mzv currents’ o ATEY-
ing mud more readily to the northwest than
to the southeast.

In Pennsylvanian time, sand supply was
asymmetrical, with more sand entering the
basin from §Tw east and northeast than from
the northwest, Sandstones are better devels
oped in the more rapidly subsiding part of
the basin than on the more stable western
and northern shell areas,
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No evidence exists that major amounts of

clastics entered the Hiinois Basin from the
south in late Paleozoic time.

Causes of Cyelie Deposition

The eyelical arrangement of late Paleozole
strata has been commented on by many
authors. Much of the literature is concerned
with explanations for the periodic intreduc-
tion of clastics, especially the sands, into a
basin, A number of theories explaining the
periodic increased competence required for
sand dispersal into n have been pro-
posedl. Weller { . 19568 suggested re-
siomal diastrophic or tectonic contrels that

periodically  steepened  gradients  between
sasing and source areas. Savage {1930, p.

182

133} suggested that cyelic deposition resulted
from intermittent su ¥Kfi§i*§‘i€ e in the basin
Warless and Shepard (1956} related eyelo-
thems to late .?x:i}tiiﬁ}x,ﬁiﬁf slagiation, They
believed that relatively continuous subsid-

ence in the basin, uns;)?mé with glacially
induced fluctuations of sea level, may have

ts, Moore (1959,
sedimentation In the
Lower Carboniferous Yoredale Beries of
at Britain to delta formation in a shallow
L*muvﬁ‘isz‘l‘;%ﬂ sea. Crevassing caused delia

migration and initiated a new sedimentary

produced eyelic depos
5381 relatec i

cvcle, Beerbower (1961, p. zf§~§£§' 183
vored a climatic, but not necessari ik
nduced, control, Change in zhuw\;v W\imi

stern

vary the competence of the dispersal s
i ducing variable amounts of clastics to a
continuously subsiding basin, Choosing one of
these hvpotheses for a specific basin is diff-
cult, The widespread occurrence of cvelie
deposition in late Paleozole sediments in
widely separated arcas points to a world-
wide control. Climatic controls seem plau-

sible,

Provenance

The long distance separating the Hlinois
Basin from major sediment sources such as
highlands east of the Appalachian Dasin or
the Canadian Shield complicates identifica-
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tion of the source of late Paleozoic sand-
stones. The following discussion swnmarizes
the problem.

Palyerystalline quartz and multieyele tour-
maline grains are found in all the late Missis-
sippian and Pennsylvanian sandstones (Potter
arl Pryor, 19617, These grains were derived
from an area of complex tectonic history.
Thetr scarcity in pre-Mississippian  sand-
stones indicates that they were not generally
available in the source areas that supplied
the pre-Mississippian clastics of the basin

Pre-existing sandstones with a relatively
complex history supplied most of the detritus
of Mississipplan sandstones, This  detritus
entered the basin principally from the north-
east. The over-all petrographic unifermity of
this detritus suggests a comnon source, but
mm\ismi undoubtedly  enhanced  petro-

aphic  he dity. Available  evidence
rwests that the northern part of the Appa-
lachian §‘;w§m or highlands to the ecast of
it, and the Canadian Shield were the chief
RORITOL,

In Pennsylvanian time, highlands to the
east of both the middle and northern parts
of the Appalachian Basin and ;zamg{} ns of
the southern Canadian Shield made mpor-
tunt contributions. These areas, but probably
more especially the highlands to the south-
east of the Appalachian Basin, supplied
cuuartz granules, pebbles, and occasional eob-
bles to the Illinols Basin at the tme of
deposition of the Caseyville and Mansfield

nations, Clastics were transported to the

For
Hlinols Basin by a series of large river sys-
terms. have entered
the basin from the northwest and west,

Pre-existing sediments, somewhat less ma-
ture than those from which the Chesterian
sands were derived, were the chiel source
of sandstones of the Caseyville Formation.
Imitially, Chesterian sandstones mav have
contributed directly to basal Pennsvlvanian
sandstones.  Subsequently, tmmature
sediments in distal aress and guartzofeld-
spathic terrains contributed detritus. This
was probably the result of both continued
erosion in the source regions and subsequent
sedimentation and Pennsvlvanian overlap of
older sediments,

Some detritus also may

maore




DEFOSTTIC

DEPOSITIONAL MODEL FOR
THE ILLINOIE BASIN IN
LATE PALEQZOIC TIME

Recurring patterns of sedimentation in the
geologic past suggests that, instead of a vast
complexity of previcus sedimentary events
that do not permit generalization, there are
only a relatively few tzmgm types of patterns
of sedimentation. The identification and un-
derstanding of these types Is facilitated by
deseription in terms of a few essential ele-
ments of general applicability. Although the
idea that there relatively few major
patterns of sedimentation is an old one, a
description of these tvpes, in &
tively identifiable essential features
not tfﬁ‘z&i‘mﬁ available (Pettijohn, 19
6116 e aspects of this problent were

are

s of ohiec-

TABLE

Basin can be

L MODEL 87

discussed by Potter {1959,
table VIID ribed %he Cre
mients of the Upper Mississippl Emk
i terms of elght elements.

The late Paleozoic sediments of the Ilinols
described in terms of five ele-
geometry, or basin shape: lthic fll, or
the principal Dthologies that constitute the
sedimentary volume; arrangement, or the
spatial distribution of major lith s with
respect to basin geometry; current sy
and lectonic setting, whic h relates the basin
to distribution and activity of major tectonic
elements, The frst four of these are entirely
descriptive in character, necessitating a min-
imum of interpretation. The 6ifth, tectonie
setting, Is highly interpretative but its inclu-
caLse relates the de-
seriptive elements of the model to an impor-
tant genetic one.

anent

e

sion is desirable be

T--LJEPOSITIONAL MODEL FOR LATE PALEQZOIC SEDIMENTS

OF THE ILLINOIS BASIN

Property Late Mississippian

Pennsvlvanian

Basin geometry

tion. Total section EXPE

stope,

Lithic fill

o %f’ﬁvii{i‘s
oorur but

Arrangement

dewn

pid  and

Clurrent system

paleastope,
periadic
Interal
. sandstone,

ripple-marks
coslope,
ling.

V’E.,}

Broad, shallow, troughdike depressi
opening down paleoslope to the :
west, Asymumetrical to symmetrical trans-
verse cross sectlon. Total section ex-
pands down palecslope.

and nenmarine shales,
vy 65%. Ortheguarizitie 1o sub-
vwacke, elongate, cross-bedded
@mxmmw% nonmarin

fine-grained nowns
ates, gm}m dmately 49
pnnzlazxiipify 1%,

APDTOXI-

am%
{ d!

[lazzd

bodies chiefly parallel to paleo-
Carbonates and coals have weak,
1t ional  slope.

vertical and periodic lthologic
persist. fateral persistence  of

cept sandstone,

Chiefly cross-bedding and ripple marks,
which regionally reflect paleoslope. L
tudinal plug <§5§}Hll§§&‘tll{.d§ lateral
flling.

Tectonic setting ioat time of depesition: at Bmbavment at time of deposition: at
atraeratonic basin, Principal sent an intracratonic basin, Principal
e was distal orogenic belt under- source was (fl\f(ﬁ orogenic belt unders

going mild uplit and rejuvenation,

siom,
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Absolute size s not ingluded above, If it
were, few, if anv, basins would be alike and
no generalization would be possible. On the
ather hand, #f two basing were identical in all
but size, genetic controls would obvicusly be
the same and, consequently, detatled knowls
edge of the one basin could be effectively
used in the exploration of the other,

Table 7 summarizes the late Paleoroio sedi-
ments in terms of basin geometry, lithie fll
ngement, current system, and tectonic
setting, The late Mississippian and Pennsyl-
vanian sediments of the basin are very much
alike in all but lithie fill, making a single
depositional model applicable, even though

some diflerences do exist. For example, bime-
stenes are much more abundant n late Mis-
sissippian than in Pennsvlvanian sediments,
Penmsvlvanian sandstones are less mature
than those of the late Mississippian, Trans-
verse cross section is symmetrical in the late
Mississippian, but less so in the Pennsviva-
pian. Lengitudinal clastic filling prevalent
during late Mississippian time was supple-
mented at the thme of Pennsylvanian deposi-
tion by important lateral Glling from the east.

These diff erences, however, do not obsoure
the similarity between the over-all sedimen-
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tation patterns of the late Mississippian and
Pennsylvanian sediments of the basin, Comn-
parable arrangement of lithic #ll and orien-
tation of current systerns are the essential
features of this smilarity, In both late Mis-
sissippian and Pennsylvanian time, sandstones
extended down a stable paleoslope at right
angles to depositional strike. Major sand
deposition was localized by weakly negative
areas within the basin, much as the present
Mississippi River follows the structural axis
of the Mississippl Embavment. Vertically,
sedimentation was cyelie and directions of
regression and fransgression were controlled
by palecslope,

Bevond summarizing the significant ele-
ments of late Paleozole sedimentation in the
Hinois Basin, the depositional model has
greatest potential value for improved explor-
ation in similar basing that are as vet ncom-
pletely explored. Correct application of the
late Paleozoic Illinols Basin model to a new
sedimentary basin requires reasonable stmi-
larity of lithic Gl arrangement, basin ge-
ometry, and current svstern. Sigrficant
change in any one of these would alter the
model and lessen the value of comparison
and correct prediction.
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