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DISCLAIMER: 
This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process disclosed, or 
represents that its use would not infringe privately owned rights. Reference herein to 
any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any agency 
thereof. The views and opinions of authors expressed herein do not necessarily 
state or reflect those of the United States Government or any agency thereof. 
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ABSTRACT 
The Upper Cambrian through Lower Ordovician succession (Sauk II-III sequences) 
in the Illinois Basin covers the entire state of Illinois and most of the states of Indiana 
and Kentucky. To determine lateral and vertical lithologic variations of the rocks 
within the Cambro-Ordovician deposits that could serve as reservoir or seal for CO2 

storage, detailed subsurface stratigraphic evaluation of the succession in Illinois was 
conducted. The Cambro-Ordovician succession in the Illinois Basin consists of 
mixed carbonate-siliciclastic deposits. Its thickness ranges from nearly 800 feet in 
the extreme northwest to nearly 8000 feet in the Reelfoot Rift in the extreme 
southeastern part of the state.  

In northern and central Illinois, the Cambro-Ordovician rocks are classified as the 
Cambrian Knox and the Ordovician Prairie du Chien Groups, which consist of 
alternating dolomite and siliciclastic units. In the southern and deeper part of the 
Illinois Basin, the Cambro-Ordovician deposits consist chiefly of fine to coarsely 
crystalline dolomite capped by the Middle Ordovician Everton Formation. Detailed 
facies analysis indicates that the carbonate units consist mainly of mudstone to 
grainstone facies (fossiliferous/oolitic limestone and dolomite) with relics of bioclasts, 
ooids, intraclasts and peloids recording deposition on a shallow marine ramp setting.  

The dominant lithology of the Knox and the overlying Prairie du Chien Group is fine 
to coarsely crystalline, dense dolomite. However, porous and permeable vugular or 
fractured/cavernous dolomite intervals that grade to dense fine to coarsely 
crystalline dolomite are present within the dolomite units. Several hundred barrels of 
fluid were lost in some of these porous intervals during drilling, indicating high 
permeability. The sandstone intervals are porous and permeable and are texturally 
and compositionally mature. The permeable sandstone and porous dolomite 
intervals are laterally extensive and could serve as important reservoirs to store 
natural gas, CO2 or hazardous waste material. Results of this study show that the 
Cambro-Ordovician Knox Group in the Illinois Basin and adjacent Midwestern 
regions may be an attractive target for CO2 sequestration because these rocks are 
1) laterally extensive, 2) consist of some porous and permeable dolomite and 
sandstone intervals, and 3) contain abundant impermeable shale and carbonate 
seals.  
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EXECUTIVE SUMMARY 

The objective of this study was to determine lateral and vertical lithologic variations of 
the rocks within the Upper Cambrian through Lower Ordovician succession (Sauk II-III 
sequences) deposits in Illinois that could serve as reservoir or seal for CO2 storage. 
More than 1000 deep wells penetrating the Mt. Simon Sandstone were studied for 
detailed subsurface stratigraphic evaluation of the Knox succession. The Cambro-
Ordovician rocks in the Illinois Basin consists of mixed carbonate-siliciclastic deposits. It 
thickens in a southeast direction; its thickness ranges from nearly 800 feet in the 
extreme northwest to nearly 8000 feet in the Reelfoot Rift in the extreme southeastern 
part of the state. The succession overlies, with a gradational contact, the Middle 
Cambrian Mt. Simon Sandstone and underlies, with the major sub-Tippecanoe 
unconformity, the Upper Ordovician St. Peter Sandstone. 

In northern and central Illinois, the Cambro-Ordovician rocks are classified as the 
Cambrian Knox and the Ordovician Prairie du Chien Groups, which consist of 
alternating dolomite and siliciclastic units. The Upper Cambrian Knox Group includes, 
from base to top, the Eau Claire Formation, Galesville and Ironton Sandstones, 
Franconia Formation, Potosi Dolomite, and the Eminence Formation that grades 
laterally into the Jordan Sandstone in the extreme northwest part of the state. The 
Lower Ordovician Prairie du Chien Group comprises the Gunter Sandstone at the base 
followed by Oneota Dolomite, New Richmond Sandstone, and the Shakopee Dolomite. 
The siliciclastic intervals thin southward and in the southern and deeper part of the 
Illinois Basin, the contacts of the dominantly carbonate units cannot be determined with 
confidence. Long regarded as the undifferentiated Knox Group, the Cambro-Ordovician 
succession in southern Illinois consists chiefly of fine to coarsely crystalline dolomite 
capped by the Middle Ordovician Everton Formation.  

Detailed facies analysis indicates that the carbonate units consist mainly of mudstone to 
grainstone facies (fossiliferous/oolitic limestone and dolomite) with relics of bioclasts, 
ooids, intraclasts and peloids recording deposition on a shallow marine ramp setting. 
Porous and permeable vugular or fractured/cavernous dolomite intervals that grade to 
dense fine to coarsely crystalline dolomite are present within the dolomite units. Several 
hundred barrels of fluid were lost in some of these porous intervals during drilling, 
indicating high permeability. The sandstone intervals are porous and permeable and 
are texturally and compositionally mature.  
The permeable sandstone and dolomite intervals are laterally extensive and could serve 
as important reservoirs to store natural gas, CO2 or hazardous waste material. The 
dominant lithology of the Knox and the overlying Prairie du Chien Group is fine to 
coarsely crystalline, dense dolomite. The intercrystalline pore space of the dolomite was 
lost as a consequence of late stage diagenetic dolomite overgrowth or cementation. 
The dense dolomite intervals, therefore, could serve as an effective seal for the 
encompassing porous and permeable sandstone and dolomite intervals. 

The results of this study show that the Cambro-Ordovician Knox Group in the Illinois 
Basin may be an attractive target for CO2 sequestration because these rocks are 1) 
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laterally extensive, 2) consist of some porous and permeable dolomite and sandstone 
intervals, and 3) contain abundant impermeable shale and carbonate seals. This topical 
report is part of a larger project, United States Department of Energy under cooperative 
agreement DE-FE0002068 from 12/08/2009 through 9/31/2013.   

OBJECTIVES 

This research evaluated lateral and vertical lithologic and facies variations of the rocks 
within the Cambro-Ordovician deposits that could serve as reservoir or seal for CO2 
storage using the available data. More than 1000 deep wells penetrating the Mt. Simon 
Sandstone were studied in detail. Over 70 wells were selected for detailed examination 
of well cuttings, available cores, and geophysical logs for stratigraphic analyses and 
regional correlation of the Cambro-Ordovician rock units. Nearly 60,000 feet of rocks 
(over 8,000 well samples and core chips, and 470 thin sections) from 30 deep wells 
were examined for this study. In addition, samples from exposures in west-central 
Missouri and a core from an exploratory well in northern St. Louis County, Missouri 
were studied and the results were compared with rocks encountered in the Illinois 
subsurface. 

The project tasks comprised lithofacies, facies and stratigraphic analyses of several 
lithostratigraphic units including, from base to top, the Cambrian Eau Claire Formation, 
Galesville and Ironton Sandstones, Franconia Formation, Potosi Dolomite, Eminence 
Formation, and the Lower Ordovician Gunter Sandstone, Oneota Dolomite, New 
Richmond Sandstone, and the Shakopee Dolomite. 

INTRODUCTION AND BACKGROUND 

Sedimentary basin stratigraphy determines factors that are favorable for CO2 
sequestration that is an important strategy for continued utilization of fossil fuel to meet 
the world’s energy demand. Thickness, lateral extent, porosity and permeability, and the 
depth of stratigraphic intervals, as well as, the presence of thick effective impermeable 
seals are among the factors that control the feasibility of CO2 sequestration in deep 
saline formations. The northwest-southeast thickening Cambro-Ordovician succession in 
the Illinois Basin (Fig. 1) covers the entire state of Illinois and most of the states of Indiana 
and Kentucky. It is a part of the Great American Bank that existed on the Laurentian 
continent during Cambrian, Early Ordovician, and earliest Middle Ordovician (Fritz et al. 
(2012). The succession in Illinois consists of carbonate and siliciclastic units and its 
thickness ranges from nearly 800 feet in the extreme northwest to over 7300 feet in the 
Reelfoot Rift in the extreme southeastern part of the state (Fig. 2). It constitutes the main 
part of the Middle Cambrian through Lower Ordovician Sauk II-III subsequences of 
Palmer (1981) and Palmer et al. (2012).  

The Knox succession overlies, with a gradational contact, the Middle Cambrian Mt. 
Simon Sandstone and underlies, with the major sub-Tippecanoe unconformity, the Upper 
Ordovician St. Peter Sandstone. In northern and central Illinois, the Cambro-Ordovician 
rocks are classified as the Cambrian Knox and the Ordovician Prairie du Chien Groups 
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regarded as the undifferentiated Knox Group. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
   



 

 

9 



 

The int
structu
Lauren
subsid
Precam
The rift
the Ro

The Ca
Basin t
Megag
lowerm
underl
Sands

In nort
Cambr
and Bu

tracratonic 
ural features
ntian contine
ing in the M
mbrian to M
ft system wa
odinia super

ambrian and
that overlies
group (Busc
most part of 
ies, with the
tone and co

hern and ce
rian Knox a
uschbach, 1

GEOLOG

Illinois Basin
s and was fo
ent, during t

Middle to Lat
Middle Camb
as associate
rcontinent (e

d the Lower
s the Mt. Sim
chbach, 197
the Tippeca

e major sub-
onformably 

entral Illinois
nd the Ordo
1975; Kolata

GIC AND S

n (Figs. 1 a
ormed on th
the Cambria
te Cambrian
brian Reelfo
ed with the 
e.g., Bond e

r through lo
mon Sands

75). The Kno
anoe Seque
-Tippecano
overlies the

s, the Camb
ovician Prai
a, 2011), wh

10 

TRATIGRA

nd 3) is surr
he Precamb
an (Kolata a
n over the n

oot Rift syste
Late Precam

et al., 1984; 

wermost M
tone is clas
ox constitute
ence (Sloss
e unconform

e Middle Ca

bro-Ordovic
rie du Chien
hich consist

APHIC SETT

rounded by
brian crust o
and Nelson,
northeast ex
em (Kolata 
mbrian to E
Piper, 2004

iddle Ordov
ssified as the
es the main

s, 1963). Th
mity, the Up

ambrian Mt. 

cian rocks ar
n Groups (B
t of alternati

TING 

y a series of 
of North Am
, 1991). The
xtension of t
and Nelson

Early Cambr
4). 

vician rocks 
e Knox Dolo
n part of the
e Knox suc

pper Ordovi
Simon San

re classified
Buschbach, 
ng dolomite

f prominent 
erica, in the
e basin beg
the Late 
n, 1991, 201
rian breakup

of the Illino
omite 

e Sauk and t
ccession 
cian St. Pet

ndstone. 

d as the 
1975; Willm

e and silicicl

e 
an 

11). 
p of 

ois 

the 

ter 

man 
lastic  



 

units (F
the Ea
Potosi 
Sands
Ordovi
by One
and 6)

 

 

 

 

 
 

 

 

 

 

 

 

Figs. 4 throu
au Claire Fo

Dolomite, a
tone in the 
ician Prairie
eota Dolom
. 

ugh 6). The
rmation, Ga
and the Em
extreme no

e du Chien G
ite, New Ric

 

 

e Cambrian 
alesville and
inence Form

orthwest par
Group comp
chmond Sa

11 

Knox Group
d Ironton Sa
mation that 
rt of the stat
prises the G

andstone, an

p in Illinois i
andstones, F
grades late
te (Figs. 4 a

Gunter Sand
nd the Shak

includes, fro
Franconia F

erally into the
and 6a). The
dstone at the
kopee Dolom

om base to 
Formation, 
e Jordan 
e Lower 
e base follo
mite (Figs. 4

top, 

owed 
4, 5, 



 

  

   

(See thee appendix 

12 

for high ressolution figuure) 



 

  

13 



 

The silic
of the Ill

 

 

 

 

units can

ciclastic inte
inois Basin

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nnot be 

ervals thin s
 (Figs. 6a a

(See the

southward a
and 7), whe

e appendix 

14 

and are abs
ere the cont

for high res

sent in the 
tacts of the

solution figu

southern a
 dominantly

determin
ure) 

and deeper 
y carbonate

ed with 

part 
e  



15 
 

confidence. Long regarded as the undifferentiated Knox Group, the Cambrian through 
Lower Ordovician succession in southern Illinois consists chiefly of fine to coarsely 
crystalline dolomite capped by the Middle Ordovician Everton Dolomite (Figs 6a and 7). 
Throughout the deposition of the Cambro-Ordovician deposits, the Illinois Basin was 
located in the equatorial region of the Lorentian continent (Fig. 3). 

STRATIGRAPHY AND LITHOFACIES 

Detailed facies analysis indicates that the Cambrian through Lower Ordovician deposits 
in northern Illinois consist primarily of dolomite and sandstone with the lower part 
composed mainly of shale and siltstone. In southern Illinois, however, the succession is 
composed dominantly of dolomite with limestone and minor amounts of shale and 
sandstone forming the lower part of the Knox deposits.  

Eau Claire/Bonneterre Formation 

The Eau Claire Formation (upper Middle-lower Upper Cambrian) in the Illinois Basin is a 
dominantly siliciclastic succession and constitutes the upper part of the Sauk II 
subsrsequence. It is 300 feet thick in the extreme northwest of the state and thicken to 
over 600 feet in east central Illinois (Fig. 6). In the northern and central Illinois, it 
consists mainly of shale, siltstone, and sandstone with lesser amount of dolomite, 
overlying, with a gradational contact, the Mt. Simon Sandstone and underlying the clean 
Galesville Sandstone (Figs. 4 through 6). In northern Illinois, three members including, 
the Proviso Siltstone, Lombard Dolomite, and Elmhurst Sandstone Members 
(Buschbach, 1975) are recognized (see Fig. 6a, Stephenson County No. 21317). The 
sandstone and siltstone facies are commonly glauconitic and fossiliferous with 
phosphatic Lingulid brachiopod being abundant in the lower part of the formation (Fig. 
8).  

In southern Illinois, the Eau Claire grades to dominantly carbonate deposits of the 
Bonneterre Formation (Figs. 6 and 7), the lower part of which is characterized by 
interlayering of limestone and sandstone and underlies the mainly carbonate unit of the 
Derby-Doerun Formation. The limestone in the Bonneterre Formation consist of lime 
mudstone to graintone facies containing dominantly of bioclasts and ooids (Fig. 9) with 
intraclasts and peloids as minor constituents. Numerous small-scale shallowing-upward 
mudstone to grainstone cycles are recognized in the Bonneterre Formation (Fig. 10). 
The Eau Claire Formation and its equivalent Bonneterre Formation thicken southward 
but the Bonneterre is thin or absent on the Precambrian highs in southwestern Illinois 
(Fig. 6a). 

The Bonneterre was deposited along a southward-thickening carbonate platform; it 
thickens from less than 150 feet in the northwest of southern Illinois to over 3000 feet in 
the Rough Creek Graben of western Kentucky. Deposition of Bonneterre carbonates in 
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The Shakopee Dolomite unconformably underlies the Upper Ordovician St. Peter 
Sandstone in northern and central Illinois, but in southern Illinois it underlies the Middle 
Ordovician Everton Dolomite (Figs. 5 through 7). It is of variable thickness (50-150 feet) 
in northern Illinois, but thickens southward to over 2500 feet in extreme southern Illinois 
(Fig. 6a). The Sh akopee Dolomite contains thin layers of quartz sandstone. It is fine to 
coarsely crystalline commonly dense dolomite with relics of carbonate grains and 
commonly display bioclast ooid, and peloid grainstone facies in chert noduls (Fig. 27). It 
is locally fractured and brecciated showing a very high porosity and permeability (Fig. 
28). The overlying Everton Dolomite in southern Illinois consists predominantly of 
limestone showing mudstone to grainstone facies containing bioclasts, peloids and 
intraclasts (Fig. 29). 

ENVIRONMENT OF DEPOSITION 

The carbonate units in the Cambro-Ordovician Knox consist mainly of mudstone to 
grainstone facies containing bioclasts, ooids, intraclasts and peloids; in the dolomitized 
equivalent, the carbonate grains are preserved in chert nodules or as relicts, recording 
deposition on a shallow marine carbonate ramp (Ahr, 1998) setting.  

The sandstone units are primarily quartzose and commonly display excellent textural 
and compositional maturity. Intercalation of dolomite layers with gradational contacts 
and evidence of shallow marine deposition suggests deposition in a shallow marine tide 
and wave dominated environment. Some sandstones include intervals with frosted 
bimodal sand grains showing excellent rounding even in finer grain size, suggesting 
aeolian to coastal plain deposition in the inner ramp setting during sea level drawdown 
followed by varying amount of reworking during sea-level rise.  

Except for a few localities in western and northern Illinois and in neighboring states 
(e.g., Palmer 1989; Overstreet et al. 2003), tidal flat deposits are not common and 
deposition primarily occurred in the open marine, ramp margin shoals and lagoonal 
settings (Fig. 30). During the Cambro-Ordovician short-term sea-level drawdown, the 
inner platform areas in the north was exposed but, carbonate deposition continued in 
the southeastern portion of the Illinois Basin because subsidence was equal to or in 
excess of base-level fall. 

CONCLUSIONS 

The results of this study show that the Cambro-Ordovician Knox Group in the Illinois 
Basin and adjacent Midwestern regions may be an attractive target for CO2 
sequestration because these rocks  are 1) laterally extensive, 2) consist of some porous 
and permeable dolomite and sandstone intervals, and 3) contain abundant impermeable 
shale and carbonate seals.  

Porous and permeable vugular or fractured/cavernous dolomite intervals that grade to  
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dense fine to coarsely crystalline dolomite are present within the dolomite units. Several 
hundred barrels of fluid were lost in some of these porous intervals during drilling 
indicating high permeability. The sandstone intervals are porous and permeable and are 
texturally and compositionally mature. They commonly contain thin beds of fine to 
coarsely crystalline dolomite intercalations, indicating deposition in a shallow to 
marginal marine settings. 

The permeable sandstone and dolomite intervals are laterally extensive and could serve 
as important reservoirs to store natural gas, CO2 or hazardous waste material. The 
dominant lithology of the Knox and the overlying Prairie du Chien Group is fine to 
coarsely crystalline dense dolomite. The intercrystalline pore space of the dolomite was 
lost as a consequence of later stage diagenetic dolomite overgrowth or cementation. 
The dense dolomite intervals, therefore, could serve as an effective seal for the 
encompassing porous and permeable sandstone and dolomite intervals. 

The results of this study show that the Cambro-Ordovician Knox deposits of Illinois, 
because of their thickness (over 7000 feet), widespread occurrence, and depth (over 
2500 feet) in central and southern deep part of the basin, can provide a significant 
reservoir for CO2 storage.  Furthermore, the porous rocks of the Knox Group can also 
capture any CO2 that may leak from the underlying Mt. Simon Sandstone, currently a 
major target reservoir for CCS in the U.S. Midcontinent. 
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