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Angreacr.—8ix carbonate sections of
the npper half of the Chesler Series
(Glen Dean JFormation to Kivnkaid
Formation} in type area of Southwest-
ern Illinois were zampled al an average
interval of 15 centimetors. Nearly four
hundred thin secfions were analyzed in
a statistical petrographic {microfacies)
investigation., TIrequoncy indices for
crinoid -and bryozoan debris, ostracods,
caleified monaxonic sponge spicnles,
arenaceous foraminifers, calcisphores,
detrital gquartz and ocolites were meas-
ured. Indicez of clasticity were aldo
computed for crinoid debris, detrital
quartz and oolites. Curves of the strati-
graphic variation of each parameter
were plotted and used for the interpre-
tation of tho environment of deposttion.

The atatistical data combined with
textural properties and degree of re-
crystellization revealed an association,
at times regularly cyelieal, of five dis-
tinet and environmentally controlled
microfacies, Thesc are in order of in-
creaging  enorgy level or decroasing
relative depth: ealeigiltite with scat-
tered debris, mud-supporied biocalear-
enite and three types of grainsupported
biocalearenites with ecaleiailtite matrix
recryetallized to a wvariable deprce,

All these microfacies indicate an en-
vironment of general low energy in
which moderate winhowing processes
were active. In the shallower portions
where crinoid and hryozoan colonies
thrived, they led fo the inflow of trans-
ported oolites, the sorting of erinoid de-
bris and the fragmentation of Liryozoan
fronds almost in place, In the dcepar
portions  of the environment where
abundant giliceous sponges and geaven-
gorg were asgoclated with small crineid
clumps, the winnowing processes con-
centrated the silt-wize detrital guartz and
all the gmall organic components such
as arenaceons foraminiflers,

thromghout the enyvironment,

ostracods
and ecaleigpheres originally distributed

A detatled petrographic and en-
vironmental study of the limestone
units of the Upper Chester series
wag ndertaken in the type area of
gonthwestern Illinois. The unitlsy
chesen for this study ranged sirvati-

graphically upward from the Glen !

Dean Formatien to the Kinkaid
Formation. The published sections
from a previous papers by Rexroad
(19577 on the conodont fauna of
the Chester were used as stratigra-
phie reference,

Nearly four hundred vertically ori-
ented specimenys were eollected from
six sections at a sampling interval
of approximately 13 ecntimeters.
Thir sections were then prepared,
investigated petrographically,
divided into six distinet microfacies,

andl

Variation eurves for the organic and

mineral parameters measured in thin
gection were drawn parallel to the
stratigraphic eoljimn. From these
surves the relative energy level and
bathymetry of the different micro-

facies were interprefed and the de- |

failod wvertical evolution of the car-

honate sediments in Late Chester-

iap tiwe was reconstrueted.

Locamow

This investigation was condneted |
in the viginity of Chester, Tlinois, |
approximately 60 miles southeast of
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Petrography

The parameters occurring with suf-
ficiznt frequency to be statistically wvalid
were then plotted, using appropriate
arithmetlc or legarithmic seales, accord-
ing to  their stratipraphic position in
the column. By joining these points, &
series of curves were obtained which
trace the stratigraphic variation of each
particular parameter. The presence of
components not abundant enough to al-
low frequency measurements was in-
digated Ny wertical Iines in the. ap-
propriate coltmn.

{n the hasiz of microscopic texturas,
presenec of a detrifal or recrystallized
matrix, average values and relationships
of organie and inorganic parameters,
the thin zectiony were dlvided into dis-
tinzt ralerofacied. In the last column
of each set of wvariatlon curves, theso
microfaciey  have heen arranged from
left to right in order of decreasing
relative deplh of deposition or increas-
ing energy level. The curve resulting
from this arrangement is called the
relative bathymetrie curve. It reflects,
in this particular case, hoth changes in
energy level and water depth, and rep-
regenits the final interpretation of the
environmental evolution through time
of the carhonates,

COMPOXENTS.

The limit hetween carbonate skeletal
or mineral graing and matrix was set
al. 60 microna,

Crinoids otcur most commonly as
colaminals and ambnlacral fragments,
A gignificant amount of this material
displays a characteristic coarse lattice
in thin geétion and while it may helong
partly to erinoid calyxes, some of it
mizht he derived from the plates of
otker echinoderms, such as blastoids
and. starfish. This assumption is sup-
ported by the occurrence of a substan-
tial number of echinoid spines. All
plates were entered as part of the fre-
queney  counts for erinoids, however,
the spines were not.

Fenestrate bryozoans are easily iden-
tifiable when directly associated with
their zooecia., However, the spiraling
stock of the genus dvchimedes, which
conitributes a large proportion of the
bryozoan debris, occurs as large hrown,
Abeous fragrments.

_Arenaceous foraminifers ure almost
all endothyrids and palectextularids,

Oolites formed mainly around cridoid

and fenegtrate bryvozoan f{ragments.
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They average abount one-half millimeter
in diameter and usually have multiple
concentric rings. A number of oolites
show evidence of transportation such as
broken or eroded rims, or second-gen-
eration rings arcund the remnants of
reworked oolites. Wherever long fronds
of bryvozoan had hecome oolitized they
were disregarded in the measurements
of index of clasticity., Hlongate ocolites
with length: widih ratios greater than
2:1 were not measured.

Quartz ocours as subangular to sub-
rounded particles, generally in the
coarge silt range, asgocigled cccasionally
with larger and very elongate grains.

Chert 18 not very common hut does
oceut in all microfacies. It is most com-
mon in the upper portionsg of the Glen
Dean, Vienna, and Kinkaid Formations.

Wherever poggible chert specimens
were algo identified as to microfacies,
and in some cases indlces of freguency
and clasticity on the coarser. elements,
uaually crinnids were obtained.

Phosphate usually cceurs az isotropic
angular fragments, although a few platy
particler diaplay a fibroradiated pattern.
The latter are interpreted as flgh scales
while the other phosphate debris prob-
ahly represent broken-up conodont Te-
mains. - i :

DEaorirTIoN oF MIOROTACIES

Peirographic examination disclosed
the prescnce of six distinet microfacies.
One of them, a pressure-welded bioecal-
carenitie {(microfacies 3d}, was found to
tranggress  acrosg  the
boundaries of all of the grain-supporied
rocks regardless of matrix type, and was
therefore not ugsed ag a polential Indi-
cator of environment because of its ob-
viows generation through diagenetie
Processng. i

The remaining five microfacies form
a genetically related sequence indica-
tive of variations of conditions of depo-

sition in a relatively quiet enviromment.
since they are either mud-supported or,

grain-supported with a micrecrystalline
caleite matrix which has recrystallized
to a variable degree.

Micrpfocies I—Megascopically, micro- .

facies 1 is a light grayish-buif to gray,
sub-lithographic to very fine-pgrained
limnestone, The lighier colorad, less ar-
gillaceous wariety occasionally displays
a. slightly conchoidal fracture. Wossils,
when present, are large and generally
unbtoken, )

microfacies
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. Microfacies 2 (Menard Formation, Chogter ‘Bast, Loc. No. 12)
Mud-supported hiccalcarenite with ecaleisiltite matrix. “Floating”
bioclasts are largely crinoid and echinoid fragments with a few
scattered debris of hryozoans and ostracods. Nieols not crossed.

C. Microjacies da (Glen Dean Formation, Rellly Lake North, Loc.

No. §)
‘Grain-supported bioccalearenite with caleisiltite matrix, consisting
mostly of large fragments of crinoids and bryozoans.
of debriz suggests post-depositional disturbance by scavengers.
Note fibrous debris of Archimedes in lower left corner. Nieold not
crosged,

0. Microfucies 3b {Kinkaid Formation, Type Section, Loc. No. 18)
Crain-supported biocalcarenite with calelsiltite matrix partially re-
erystallized into pseudospar. Bryozoan debris predominant. Large
linear element at lower center js a portion of epiraling stock of
Archimedes. Nicolg not crossed.

E. Microfacies 3b (Menard Formation, Chester East, Loc. Nao, 12)
Graln-yupported ocolitic biccalcarenite with caleisiltite matrix par-
tially recrystallized to psendospar {particularly in upper left
corner), Nuote poor sorting of transporfed eolites and intercala-
tions of black microcrystalline ecaleite between doncentrie rings.
‘Nicels not crogsed.

. chrofamev 4¢ (Glen Dean Formation, Reilly Lake North.
No. 9
Grain- suppmtcd biocglearenite with secondary cement of domi-
nantly microspar with patches of pseudospar. Predominant bryo-
zoan zooeela filled with and surrounded by dark microcrystalline
calelte. Nicols nol crossed.

(G Microfacies Se (Glen Dean Formation, Reilly Lake North,

No. 9)
Grain-supported oalitic hiocalearenite with secondary cement of
pseudospar.. Note irregular size distribution of transported oolites
and bioclasts with rims of mierocrystalline caleite. Nieols not
crossed.

H. Microfacies 34 {Menard Formation, Chester Mast, Loc. No, 12)

. Pressure-welded crinoid-bryozoan calcarenite. Note deep reciprocal
interpenetration of all elements which are aligned parallel to
bedding, and distortion of move fragile fenesirate bryozoans. Nicols
not erossed.

Loc,

Loec.

with a caleareous cement they werc pally of crinoids and fenestrate bryo-

Arrangement - -

nevertheless: placed in this class.

Microfacies 86, — Megaseopically, mi-
crofacios 8b differs from 2a only in hav-
ing a more coarsely crystalline aspect.
In gome places the fossl) fragments ave
concentrated along definite zones giv-
Ing a bedded or sometimes even evoss
bedded aspect to the rock, When thesa
conditions oecur, the individual beds
are 0.5 to 1.0 meters thick, However,
there Iz considerable varfation in thick-
negs within the units ropresentative of
microfacies 3h.

Microfacies 3b (FIGURE 3D) i85 a
grajn-supported hicealeavenite with =a
ealeisiltite matrix showing 20 to 8§09%
of Its surface recrystallized to micro-
apar or pseudospar. The dominant bio-
clastics, showing varying degrees of
pressure-gofution. still consist princi-

zoans with the proportion of crinoids
to bryozoaits decreasing.

Ostracods, caleified monaxonic sponge
gpicules, arenaceous foraminifers, and
caleispheres -are less abundant than in
the preceding microfucies. Debris of
brachiopods, pelecypods, gastropods, tri-
Iobites, caleareous algae, and echinoid
spines ate minor constitnenils as are
detrital guariz and organie phosphate
debris, Worm tuhbes and disruption by
seavengers are rare, Qolites become
more important in microfacies 2b, one-
curring generally in well packed to
glightly pressure welded arrangements
{FIGURE 3E). The aolite cores are
mainly bryozoan fragments, with erin-
oidy and other organic debrig being of
secondary imyportatice. These volites are
apparently transporied, but where the
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gurrounding miercerystalline matrix has
heen recrystallized, their edges have be-
come further indented by this process.

Microfacies de—DMicrofacies 3¢ s the
maost  eazily recognizable of the five
lithalogies in the field. It iz usually
light gray or light buff in color, some-
tirmes changing to dark gray in the maore
finely crystalline varieties. The lighter,
morce eommon members of this class
corntain abundant large, well preserved
Togsils, usually broken, althongh whole
dpecimens are not ancommod, Miero-
facies 3c i3 often oolitle and cross-bed-
ded. Beds are normally .5 to 1.5 melers
in thickmness, although they are somoe-
what thinner in a few placoes.

In the mogl characteristic exawmples
of thig clasg the bloclasts seam to
“float” in a glasslike groundmazs of
pure sparty caleite cement.

TUnder the miecroscope, microfacies 3¢
ig & grain-supported bigealcarenite in
which more than 80% of the original
caleisiltite matrix has recrystallized to
misrospar and pseudospar, Cavity-fill-
ing sparry caleito is ahsent in this mi-
crofacies. The neomorphle ealcite dis-
plays the following varietics: mliero-
apar with scattered patehes of pseudo-
gpar (FIGURILE 3F); pseudospar with
smaller areas of microspar; fine or
coatrge uniform pseudospar (FIGURE
3G).

Srineids and lenegirate bryozoan frag-
ments dominate the organic assemblage,
with brynzoans oceutrring with the high-
est frequency (FTGURE 3F). Oclites of
trangpotrted nature occur at their high-
est frequency and clagticity, averaping
over 0.6 mm in size. Most are normal
oolltes, consisting of elthier bryozoan or
crinnidal debriz surrounded by multiple
concentrie ringg of fihroradiated caleite,
Transportation, which is shown hy poor
sorting and wide ranges of gize, is con-
flrrmed by the oceurrence of abraded
rimag, intercalation of caleisiltite he-
tween c¢oncentiric rings, and by excen-
tric rings (Caroszzi, 1964,

Ostracods, caleispheres and areng-
ceoid foraminifers are rare. Brachio-
pod, pelecypod, gastropoed, and trilobite
fremments, as well as ealeareous algge,
echineid spines, and organic pliesphate
depris make up the remainder of the
assemblage.

Quartz averages 0.065 mm and is at
ite lowedt frequency relative to the other
microfaeies, It is usually subangular
to sub-rounded.

The: grain-supported microfacies 3a,
2, and 8¢ havo heen distingnished on
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the bagis of an increasing percenfage
of recrystallization of the original inter-
stitial caleisiltite matrizx, In terms of
energy level and general environmental
interpretation it ig of fundamental im-
portance to separato low energy calear-
enites with a recrystallized caleisiliite
matrix from high energy carbonates
with cavity-filling caleite cement. Neo-
morphic clear caleite resulting from re-
erystallization of an original caleizil-
Lite matrix displayy the following fea-
tures (Bathurst, 19685; Folk, 1465):
gruln size rangey continuounsly from four
microns upward; the grain size varies
irregularly from place to place within
the meosaic; - grain  boundaries are
curved, consertal, and often plicate, as
opposged to the straight, planar boun-
daries of precipitated sparry ealcite.
The microcrystalline matrix often dis-
plays a “nibbled” appearance, often to
the point of hearing delicate stringers
and patches of the original matrix eom-
pletely surrounded by coarse calcite
{FIGURE 2B}, .

Microfacies Jd.— Megascopically thie
microfacies appears as a very coarsely
erystalline crinoidal limestone of varia-
ble color, ranging from light buff to
dark gray. In some measured sections
its occcurrence corresponds to zones of
stylolitization.

Microscopically a specimen wag term-
ed to be pressure-welded when 50% or
more of the bioclastic graing were in
reciprocal contact with each other and
exhibited mutual interpenetration along
their boundaries. All gradations of
pressure-welding were noled from in-
cipient grain contact to deep interpene-
tration accompanied by elimination of
the original ecalcisiltite matrix (FIG-
TURE 3H). Most commonly the bioclasts
in thege specimens consgist of crinoids
and hryozoang oriented parallel to hed-
ding by the effects of pressure solution.
Most of the other types of organic de-
brig seen in miecrofacies 3a through 3e,
with ithe exeception of brachiocpods and
pelecypods. have heen largely elimi-
nated in the more advanced stames of
pressure welding., Fragments of organie
phosphate and graing of deirital quartz
are glgn seen occasionally. Oaolites are
commaon In this group, althengh the dis-
ruption of their rims due to this process
iz not to bhe confused with changes
wrought by transportation.

COMPOSITE SECTION
The five microtacies 1 through 3¢ de-
geribed in the previous section are




190

gradational veriically into one another
fand .alze  horizontally according to
Walther’s rule) and the variation of
their characlerlstic average parameters
{TABLHE 1) indieates that sunch a sue-
cession expredses an increase of ener-
gy level and at the same time a de-
croase in the relative depth of deposi-
tion. Thorefore, it iy possible to super-
pose them in a composite section or
statistically most tfrequent snccesgion
which may he used for the interpreta-
tlon of the investigated seclions (FIG-
URE 4),

The avorage parameter variations of
Lhe composite section may he described
as Tollowsa:

The frequency curve of crinoid debris
has o symmeirical, almost boll-shaped
adpect ranging from an average of 58
in microfacies 1 to a peak of 238 in
micrafacies 3a, then decreages to a value
of 87 in mierofacies Ze. The clagticity
curve of erinoid debris increases Iin-
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ecarly from 0797 mm in microfacies 1
to a maximum value of 1.434 mm in
microtacies 3¢. An abrupt increase in
frogueney would be expected during the
trangition from a mud-supported rock
{microfacies 1 and 2) into a grain-sup-
ported fabric (microiacics 3a). The re-
duction: of the fregueney into micro-
facios 3¢ may bo explaired by an in-
cireasge in the sorting action of the cur-
rents or of tho agitation of the environ-
ment  removing  smaller fragments,
thereby concentraiing relatively larger
ones in the site of deposilion, as shown
by the maximum clagticity of the crin-
oid debris in the same terminal inicro-
facies. Furthermore, many of the hio-
clastic fragments Tound in microfacies
Ac, especially tho crinoids, still digplay
thin, discontinuous ecoatings of dark
ealelailtitic mud indicating moderate in-
traformational proceszes of reworking.
1t may therefore he concluded that the
varlatfon of the crineid parameters ex:

COMPOSITE SECTION

Fisukes 4. —Composite section
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Tasre 1.+ -Average Parameter Values by Microfacies.
I Mierofacies
3a ib ! Je

_Crinoid e 1 10 1Yy PP 36 947 239 149 97
Crinoid Clasticity (mm). ... ... ..ooeieiins 0.797 | 1.109°| 1.397 | 1.35¢  1.434
Brrozoan Frequeney. ... ..o v an s i3 44, 100 109 132
Arenaceous Foraminifer Frequency........... 24 33 14 40 5
Ostiacod Trequency. .. ... o oo . 24 17 11 | 10 3
Calcisphere Frequency. ... .. oo ven ot 13 1 12 18 4
Sponge Spicule Frequency. ..o oo on oo, o THY 517 337 g7 13
1detrital Quartz Frequency. .. .. T 11 23 n 22 3
Detrital Quartr, Clasticlty (mny). ............ 0053 0,094 | 0,112 | 0.059 0.065
Oolite Frequency. .. ... oo oev oo 1 1 3 98 121
Oolite Clasticity (mm}..... ...oo.ooovoo .o (L5041 0304 | 0.427 | 0.583 0. 660
Percentage of Total Thickness, .. ........ ‘ 15 ‘ 10 11 5] 16

presses the growth of an almosi autoch-
thonous population and the loeal sort-
iz of its wkeletal debris.

The bryozoan frequency inereases
from microfacies 1, where it hag a value
of 83, up to 132 in mierofacies 3ec.
There {8 a sharp change in the slope of
thig curve in pasging from microfacies
2 (mud-supported} to mierofacies 3a
{grain-supported) which i3 almost
parallel to the rate of erinoid frequen-
c¥ Increase in this interval. PBeyond
microtacies 3a. however, bryozoan fre-
guency inereages inearly to a maximum
value in mierofaciex 3c. This is inter-
preted as being an expression of the in-
creased disintegration of the delicate
bryozoan fronds with inereasing ener-
gy in the environment, wheteas resiat-
ant cringid eclumnals were only sorted
according to gize hut not hrecken.

: The frequency of arsnaceouz fora-
minifers exhibils a succession of peaks
and lows which do not seem to be of
partienlar significance, The lowest fre-
guency ig Tound in microfacier 3o, where
there are bul nine foraminifers per unit
ares. These benthonic and rather small
somponents have heen well preserved

in the mud-supported microfacies 1 and
2, Above this, their variable frequency
and particularly the minimum in miere-
facies 3¢ certainly vesult from the effect
of recrystallization processes.

Tho ostracod freguency decreases
rapidly from a high of 24 in miero-
facies 1 to a value of 11 In microfacies
22, From this point theve is a more
gradual decline to a low value of three
counts per section in mierofacies 3¢, Al-
though no distinetion was made he-
tween odtracods with both valvea in-
tact and those roprezented by a single
valve, the bivalved remalng were more
prevalent in the lower energy micro-
facies.

The fregquency of calcispheres varies |
ulmost as a sgiraight line through the
firet three microtacics. There g an
abrupl inercasze from 12 fo 18 ealeis-
vheres per section in passing from mi-
crofacies 3a to 3b, and just ag abrupt &
decrease to a low of four in microfacies
do,

Sponge spicule frequency decreases in
a linear fashion from a high of 1749
in mierofacics 1 to a wvalne of 337 in
miecrofacies 3u. Beyond this there is a
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sharp change of slope In the curve and
the spicule fregquency drops off quite
rapidly to a value of only 18 spicules
per sectlon in mierofacies 3e. This
curve expresses the liberation in place
of sponge spicules and indicates that
siliceous sponged reaeh here their best
development in the fine-grained carbon-
ates deposited in guiet and relatively
deep conditions.

There i3 a gimilarity in behavior he-
tween the fregnency curve ol dponge
wpicules and that of henthonic arena-
ceony foraminifery and ostracods and
of pscudopelagic calcigspheres. All these
curves display a general decrease in
frequency upwards which may be linear
or oscillatory. Actually arenaceous foru-
minifers, ostracods and caleispheres
which should have heen present
throughout the spectrum of the micro-
fucies have been predominantly pre-
setved only in the low energy eondi-
tions of the mud-supported microfacles
1 and 2 and were largely winnowed
I'vom the more agitated environment
of the grainsupporied mievofacies 3a,
3h and 3ec where only a small number
of them ecould remain caunght between
larger biceclasts, These somewhat more
agitated econditions also explain the
higher frequency of single ostracod
valves as opposed to the greater abun-
dance of whole individnals in the lower
energy mniicerdfacles, Similar conditions
have been reported from the Rundle
Group (Missisaippian) of the Front
Ranges in Central Alberta, Canaila
(Walpole and Carozzl, 1961),

Furthermore, the minimum values for
the preceding parameters in microfa-
cles 3¢ muy also be ascribed to the ad-
ditional destruetive effect of recrystal-
lization of the matrix.

Detrital quartz shows a symmetrical
behavior of both clasticity and frequen-
¢y, Indieating hy their parallelism that
the supply wasg regular but never. very
abundant (Carozzl, 1958). Tn quartz
graing ranging in size {rom coarse gilt
to fine sand {(0.058 mm to 0.112 minj, it
is matural that the larger and more
abundant particles settle in microlacles
3a, as an effect of winnowing in the
higiier ¢nergy environments of 3b and
e, Only smaller and less abundant par-
ticles settled in the mud-snpported mi-
crofacies.

Dolite frequencles bhegin  with low
values of 1, 11, and 8 counta per section
through miecrofacies 1, 2, and 3a reapec-
tively, The [requency increases abrupt-
1y from microfacies 3a to 3b, reaching

JAn mierofacies 3e.
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a value of 98 at the latter level, thence
to a maximum of L21 in microfactes 3e.
Oollte clasticity follows the frequency
curve guite clogely and similarly in-
creases abruptly from 0.427 mm in mi-
erofacies 32 to 4 maxinum of 0.660 mm
The ocenrrence of
broken oolites and of others digplaying
internal residusl layers of dark caleisii-

-tite mud (Cavozzi, 1964) indicate that

the oolites are esgentially transported
and originate in envirogments of rela-
tively high energy adjacont to micro-
facies Ja-3e. Therefore, they should bhe
inlerpreted as detrital components dis-
tributed from shallow into deep eondi-
lions and hecause of their size, rather
uneffected hy winnowing.

The final interpretation of the five
microfacias in terms of increasing rela-
tive energy level or decreasing relative
depth i plotred ag a smooth curve show-
ing a steady increase in energy from 1

through 3e.

EXTIRON MENTAL TSTHERPRETATION

"Fhe horizoutal reconstruction of
this low energy environment of car-
bonate deposition submitted to mod-
erate winnowing processes, shows
three major subdivisions (FIGTRE
83,

The first one comsists of micro-
facies 1 and 2 which are similar ex-
cept for the ratio of bioclastic de-
bris 10 matrix being higher in miero-

facies 2. They represent extremely.

guiet conditions characterized by the
deposition of fine-grained earbonate
mud in which siliceous sponges and
ssavengers were very abundant
among scattered clumps of erinoids,
As an effeet of winnowing processes
taking place in higher enetgy and
shallower conditions arenaceous fora-
minifers, ostracods and caleispheres
were finally deposited here associ-
ated with a small number of detrital
quartz grains, transported ocolites
and bryozoan debris.

The second subdivision ig repre-
sented by microfacies 3a, the first
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LANDWARD
SEA LEVEL

e NFLOW CF SILT-9E€ DETRITAL QUARTT

A—-SHTTERED CRINODS AND BRYCZGANS ————W————————ABINGANT  CRWOIDE  AND -
- SEUNDLT  SPONGES AND IOAENGERS ~——b A DOLITES ———
Ao RENACEOUE  FORAMMIFERS, CSTRACCOE AND £ALC
- TAL EMNER@Y INCREASE
ATIVE DEPTH DFEREASE —
FINAL DEPOSITIOMAL COMDITIONS AFTER WINNOWING PROCESSES
SEA_LEMEL

el oF I
SFONEE ZPICULCE, OSTRACONS, CALLISFHERES

CETRTAL QUARTZ

YSTALLINE CALCITE  AedTRIN

NCRZAZIMG 'WRNOWNG LF {AINOID FRABMENTS »
INCAEABING FRASMEMTATION IN FLACE OF BAYOZAM FRONDS

LONCENTRATION OF SILT-SI2E

Fmuen b, —— Environmental interpretation

belonging to the grain-supported
group charaeterized by a large de.
velopment of erinoid and bryozoan
colonies, Tt is in this inlermediate
position that” most of the wilt-size
detrital quartz of extrabasinal ori-
gin, winnowed from higher energy
conditions, was finally deposited.
The third subdivision consists of
microfacies 8b and 3¢ and eorre-
sponds to higher relative energy and
shallower conditions, although an
even shallower environment must he
inferred from which abundant trans-
ported oolites originated. The win-
nowing conditions which charucterize
these two mierofacies have sorted the
crinoid debris, fragmented the deli-
cate bryozoan fronds and almost
completely  eliminated the siltsize
detrital quartz and the small-size or-
wganic components such ag the arena-

INCREASING  RECRYSTALLIZATION 0OF M.QTRIX__——.P

coons foraminifers, pstracods and

caleispheres.

Although the proup of grain-sup-
ported microtacies shows an inevease
in the degree of diagenctie reerysial-
lization of the origihal ealeisiltite
matrix into neomorphic calcite ap-
parenily rclated to an increase in
the energy level or a deereasing rela-

tive depth, such a relationship wmay

be entively fortuitons,
DeseRIPTION 0F SECTIONS

In the following disecussion of the
individual measured seetions refer-
erce will be made to the respective
sets of variation curves (FIGURES
6-11). Since the microfacies param-
eters have already been discussed in
the composite seetion in some detail,
attention here will be directed to the
tnusual features of each unit. A
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smooth main trend curve has been
superimposed as a dashed line on
the relative bathymetric enrve in or-
der to show the general evolution
of the sedimentation which displays
# definite cyelicity within a low en-
ergy environment.

Section No. 0, Beilly Lake Novih.
—=eetion of Glen Dean Formation
exposced In small guarries I Missis-
sippi Valley bluff about 1.1 miles
northwest of Reilly Tiake, SEl4,

Pransactions Illinois Academy of Sciemce

B8R4 sec. 24 (extended), T. 68, R.
8W., Randolph Co., Illinois.

The lower part of this section
(FITGURE 7) is characterized by a
marked parallelism of erinoid and
bryozoan frequencies. The oolite
freguency is opposed 10 the preced-
ing parameters as is to be expected,
ginee an abundance of the former
coroponents precludes the presence
of the latter. Crinoid and oolite
clasticities ave also quite similar.

Most of this part of the section i in

wicrofacies 3e although it does drop
into 3b in a few places,

The upper portion of this section
ghows considerably more variation,
mainly between microfacies 3a and
#h but oecasionally reaching micro-
facies 1. Crinvid and bryozoan fre-
guencies are again parallel with the
exception of opposed curves ncar 14
metars.  Benthonie ostracods
psendopelagic  ealeispheres exhibit
frequeney eurves which are opposed
to those of the crinolds and bryo-
zoans, thereby indieating their sus-
geptibility to winnowing. Associated
with the Jower energies, detrital
guartz appears in this section, with
highest fTrequencies in microfacies
1 andg 2,

and -

Seclion No. 10, Coles Mill Novth,

—TTpper Glen Dean Formation ex-

posed along railroad traeks behind

flonr mill at sonth edge of Chester,
W. line NW14 sce. 300 1. 78, R.
6W., Randolph Co., Tllinois,

As in the preceding section the
environment is one of relatively high
energy with the main trend fluetn-
ating only slightly between miero-
facies 3b and 3¢ (FPIGURE 7).
Parallel trends of ¢rinoid and bryo-
zoan frequency, and of erinoid and
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Frguse 7.— Reilly Lake North, Locality No. 9, ~and Coles Mill North, Locality

Ne, 10,

nolite clagticity are obvious. Oolite
frequency opposes those of the erin-
oids and bryozoans,

Section No, 104, Coles Mill South.
—Vienna Formation exposed in road
cut about 200 yards south of sec-

tion No, 10, NW1i NW34L see. 30,
T. TH., R. 6W., Randolph Co., TIi-
nois. _

The general trend curve (FIG-
URE 8) shows the npper and lower
portions of this section to.vary be-
tween mierofacies 3a and 3b while
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Fwure 8. — Coles Mill South, Locallty No. 10A

in the middle, hetween 3 and &
meters, it reflects somewhat lowor
energy conditions. The frequency
curves of crinoidy and bryozoans,
as well as that of detrital quartz,
exhibit the same parallelism noted in
the previous two sections, Ostracod
Trequency runs opposed to the peaks
of the erinoid and bryozoan fre-
quencicd, again a8 an expression of
the winnowing of small size compon-
ents from high energy environments,
Detrital quartz clasticity eloscly fol-
lows the pesks and lows of its fre-
queney.

Section No. 12, CThester Eust. —
Menard TFormation exposed in aban-
doued high level quarry in Missis-
sippl River bluff opposite sand and
gravel docks, about 1.4 miles above
mouth of Marys River, SW1) SE14
sec. 30, T. 78, R, 6W., Randolph
Co,, NMlinois.

This seetion is broken inlo four
parts by three 1.5 to 2.0 moter thick

shales (FTGURES 4, 10), The low-
ermost portion is characterized by
relatively high encrgy as shown by
microlacies 3b and 3e. These con-
ditions are again reflected in the up-
per portion of the gection. The
longest uninterrupted part of the
section {9 to 14 meters) consists of
a serieg of symwmetrical fluetuations
ranging from microfacies 1 to Se.
Relatively quiet conditions prevailed
after the deposition of the overlying
shale, as microfacies 1 iz prodomi-
nant.

Bryozoan and crinoid frequencics
parallel cach other, although the
similarities of their eurves are not
as striking as in previons sections,
The: frequency . emrves of ostracods,
arenaceous foraminifers, sponge spic-
ules, and fo a eortain extent, calcis-
pherer, show some parallelisin in
their trends, and are generally op-
posed to those of erincids, bryozoans,
and oolites, This situation again ex-
presses the effects of winnowing,
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FrewsEk 9. - — Chesater 1Bast, Locality No, 12

Neetion No, 16, Ford W, P A,
Quarvy.—Clore Formation in small
abandoned quarry in  Mississippi
River bluff above state highway 3,
about 1.3 miles soatheast of Marvy
River bridge, NW14 SEl) see. 33, T.
783., R. 6W,, Bandolph Co., Ilinois.

Thiz section beging and ends in
low energy condifiong but rises to a
peak in microfacies 8b near its mid-
dle (FIGTURE 10). Crinoid and
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bryozoan freguencies gencrally par-
allel each othetr while the freguen-
cies of arenacecus foraminifers and
ostracods are generally opposed to
them. Hponge spicules and detrital
guartz are quite abundant through-
ont most of the section,

Section 18, Type Kinkaid —Type
Kinkaid Formalion on north bank of
Kinkaid Creek in Tllinois Stone quar-
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facies. These range from calcisiltite
through mud-supported biocalearen-
ite to grain-supported biocalcarenite
with calcisiltite matrix in order of
increasing energy level or decreas-
ing relative depth. All these micro-
facies indicate an environment of
general low energy in which moder-
ate winnowing processes were active.
In the shallower portions where crin-
oid and bryozoan colonies thrived,
they led to the inflow of transported
oolites, the sorting of the erinoid de-
bris and the fragmentation of the
delicate bryozoan fronds almost in
place. In the deeper portions of the
environment where abundant silice-
ous sponges and scavengers were as-
sociated with small crinoid clumps,
the winnowing processes concentrat-
ed the silt-size detrital quartz and
all the small organic components
such as arenaceous foraminifers, os-
tracods and caleispheres originally
distributed thoughout the environ-
ment.
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