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STRATIGRAPHY OF THE OSAGE SERIES
IN SOUTHEASTERN IOWA

by

STANLEY E. HARRIS, JR. and MARY C. PARKER

ABSTRACT

The Osage Series in southeastern Iowa is composed primarily
of cherty carbonate rocks. Thin shale beds appear in the middle
of the series and increase upward in number and thickness. The
lithologic character and thickness of the series are relatively
uniform throughout the area. This gives no suggestion of major
changes in environment of deposition or tectonics either laterally
or vertically.

It is convenient to consider the area in two parts, the south-
eastern district and the western district. Subsurface sections in
the southeastern district are readily matched to the classic sur-
face exposures of the Burlington Limestone, Keokuk Limestone,
and Warsaw Formation near the Mississippi River. The lith-
ologies of the three formations are so similar that small changes,
and especially dolomitization toward the west, make tracing of
boundaries difficult.

The Burlington Limestone is divided in the southeast into
three members that are named and described in this report.
The Dolbee Creek Member at the base and the Cedar Fork Mem-
ber at the top are mainly recrystallized crinoidal bioclastic lime-
stone. The Haight Creek Member in the middle is very cherty
and contains much dolomite even in the east. Glauconite at the
base of the Haight Creek and disseminated in the Cedar Fork is
a persistent horizon marker. Haight Creek and Cedar Fork are
found throughout the area; Dolbee Creek is restricted to the
southeastern district.

The Keokuk Limestone is characterized by mottled gray bio-
clastics and chert in the southeast, and brownish-black cherts
with white spicules and argillaceous dolomite in the west. The
carbonate is argillaceous and the formation containg shale beds
throughout the area. No sharp boundary marks the contact with
the overlying Warsaw Formation, The latter consists of grayer
dolomite beds and much more shale than the Keokuk ; chalcedonic
chert and crystalline quartz are generally abundant.
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The Warsaw Formation is included in the Osage Series be-
cause of its gradational relationship to the underlying Keokuk
Limestone and because of the unconformity above it.

Graphic well sections and photomicrographs illustrate the
lithologic nature of each unit. Cross sections, thickness maps,
and a lithofacies map of the Keokuk-Warsaw Formations depict
the changes and regional variations. Structural features are
shown by a map using as a datum the base of the Haight Creek
Member of the Burlington Limestone.

The original sediments were marine limestone and shale de-
posited under stable shelf conditions. The limestones consisted
mainly of disarticulated crinoid skeletons which were spread
evenly over the sea floor but appear not to have been carried
far by waves or currents. There is little evidence of bar accumu-
lation. The occurrence of thicker shale sections peripheral to
anticlines suggests that these structures may have been active at
the time of deposition. Both dolomite and chert are probably
diagenetic.

Jowa was beyond the reach of terrigenous deposits from the
Appalachian tectonic belt. Any land in the direction of the
Canadian Shield was certainly very low, and the seas extended
widely to northwest and southwest.
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INTRODUCTION
PURPOSE AND SCOPE

This report presents a description of the lithology, distribu-
tion, thickness, and relationships of the Osage rocks of the Mis-
sissippian System, as they occur in subsurface in the south-
eastern quarter of Iowa. The location of the area of study is
shown in figure 1. Maps showing thickness, structure, and lith-
ofacies are also presented.

The intent is: 1) to relate subsurface well records to surface
formation usage; 2) to standardize the classification of various
workers; 3) to correlate the formations of the Osage Series in
central Iowa with the type formations of southeastern Iowa; 4)
to make a preliminary interpretation of the conditions of origin;
and 5) to distinguish the later diagenetic changes.

PROCEDURE

This report is based primarily on the examination of well cut-
tings with binocular microscope and throughout the report refer-
ence is made to the well sample sets by Iowa Geological Survey
file number e.g., (W-4000). The records of over a thousand wells
were used in the completion of this report. The locations of the
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Figure 1. Map of lowa showing location of area of study.
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wells to which specific reference is made are listed in the appen-
dix. The samples are mostly from holes drilled by the cable-tool
method by many water-well drillers whose excellent cooperation
has made possible the subsurface stratigraphic work of the Iowa
Survey. A few cores and sample sets from rotary-drilled holes
were also available. In general the well sections were readily
correlated with surface sections. Several quarries and natural
exposures were measured and hand specimens were compared to
well cuttings. Examination of well cuttings proceeded according
to geographic location, progressing from southeastern Iowa
toward the northwest with the purpose of tracing units or recog-
nizing changes from well to well. Several sets of insoluble resi-
dues were examined, and residues of selected intervals were
made whenever it seemed desirable.

The criteria for correlation are mostly lithologic. No faunal
studies were made, although presence or absence of fossil or
skeletal remains and the gross assemblage are usable means of
correlation. Descriptive terminology conforms basically to the
usage of the Iowa Geological Survey and standard references of
stratigraphy and sedimentary petrology. Color usage follows
“The Rock Color Chart” (National Research Council 1948) based
on the Munsell system. Description of limestones has been in-
fluenced by Folk’s (1959) classification, although his rather com-
plex terminology is not used. The graphic logs prepared as a part
of this investigation are in the files of the Iowa Geological Sur-
vey. The logs of many workers have been drawn upon especially
in the construction of the maps accompanying this report. Ex-
planation of the symbols used in the graphic illustrations of sur-
face exposures and the percentage logs of well cuttings is shown
in figure 2.

The maps, prepared mainly by Parker, are based on well rec-
ords available to the spring of 1961. Control is of irregular
density. In the southeastern counties a great deal of detail is
possible and certain structural trends are defined. In the south-
western counties well records are few and scattered and struc-
tural trends can not be defined with certainty.

PREVIOUS WORK AND CLASSIFICATION

The Mississippian rocks of Iowa and adjacent states have been
studied repeatedly since the work of Owen (1852) and Hall
(1857). Reviews of these investigations may be found in the
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Limestone , dolomitic

Limestone , dolomite rhombs
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Chert , dark
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b

Quartz crystals
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Shole
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Sandstone
Sandstone ,dolomitic
Sondstone,calcareous
Siltstone, dolomitic
Styolite

No somple
Glauconite

Bryozoan
Crinoid

Brachiopod

Figure 2. Explanation of symbols used in percentage logs and graphic lllusirations.
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works of Van Tuyl (1922), Moore (1935), Wilmarth (1938), and
Weller and Sutton (1940).

There has been much disagreement over the placement of the
boundary between the Osage and Meramec Series, and various
authors have placed this boundary both at the base of and at the
top of the Warsaw Formation. Van Tuyl (1922), J. M. Weller
(1984), Weller and Sutton (1940), and Weller and others
(1948), all assign the Warsaw Formation to the Meramec Series
on the basis of faunal assemblage and lithologic affinities. War-
saw and Spergen (Salem) are conformable in southwestern Illi-
nois and in the St. Louis area, whereas in southeastern Iowa
there appears to be an unconformity between these formations.
Stuart Weller (1914), Moore (1985), and Laudon (1931, 1937,
1949) have taken the view that both faunally and lithologically
the Warsaw is more closely related to the Keokuk than to the
Spergen-St. Louis.

The results of this investigation emphasize the gradational
relationship of the Warsaw and the Keokuk. On the other hand
the Spergen marks the initiation of quartz sand grains charac-
teristic of the Meramec sediments.

The Osage Series, as used in this report, is composed of the
Burlington Limestone, Keokuk Limestone, and Warsaw Forma-
tion. The nomenclature and usage of previous authors and the
usage of this report are summarized in figure 3.

In Illinois and Missouri, the Burlington Limestone is underlain
by the Fern Glen Formation which is also Osage in age. This
formation has not been found in Iowa. In southeastern Iowa

Generalized Von Tuyl Loudon Moore Weller & Sutton | Weller & others 1.G.S5.
Section 1922 1930, 1937 1935 1940 1948 Prmr;a;opon
MERAMEC SPERGEN SPERGEN SALEM ST. Louts SPERGEN SPERGEN
z
% | veper
F] WARSAW WARSAW WARSAW WARSAW WARSAW
$ lowes
upper
¥ timestone
¥ KEOKUX KEOKUK KEOXUK KEOKUK KECKUK
OSAGE & | Montrose
Pendremiles zone
2 |_Dieygocrinus zone g | Codor Fock
2 2
BURLINGTON g Physerocrinus one | BURLINGTON | BURLINGTON | SURLINGTON % Hoight Creek
=1
[ 5 Coctoceinus zone s
: Coproblodus _zome Dolbes Crock
2yt
KINDERROOX GILMORE CITY WASSONVILLE SEDALLA GIUMORE CITY | GILMORE CITY
{1933) WASSONVILLE HAMPION

Figure 3. Nomeaclature ond vsoge of Owoge Serles In sovthesrtemn lowe
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the Burlington Limestone marks the base of the Osage Series
and is underlain by the Hampton Formation. In central Iowa,
the Burlington is underlain by the Gilmore City Limestone which
may be of Osage age. The stratigraphic relationships of the Gil-
more City Limestone are questionable and are currently under-
going investigation by several geologists in Iowa. For the pur-
poses of this report, the Burlington is considered to be the base
of the Osage in central Iowa also.
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STRATIGRAPHY

The Osage Series in southeastern lowa is composed domi-
nantly of cherty carbonate rocks interstratified with minor
amounts of fossiliferous shale. The carbonate strata are now
crystalline, but many beds were originally biogenic. Thin shale
beds first appear in the middle of the series, and increase upward
in number and thickness. Quartz sandstone occurs only locally
at the base of the Burlington Limestone and has been noted in
parts of Washington, Keokuk, and Louisa Counties.

The outerop area of the Osage Series and the thickness of the
series are shown in plate 1. Recent subsurface data have modi-
fied the Osage boundaries of the Geologic Map of lowa (Tester,
1937) .

Two stratigraphic cross-sections are shown in figures 4 and 5.
The relative uniformity of the Burlington members in the south-
eastern district and the extent of the lithologic variations from
southeast to northwest are shown in figure 4, and from south-
west to northeast in figure 5. The thinning of the Osage Series
on the southwestern flank of the anticline near Ames-Roland and
the contact of the Burlington with successively younger horizons
of the Kinderhook Series from southeastern Iowa northwestward
are shown in figure 4. The inter-relationship of the Warsaw-
Keokuk carbonates and shales is demonstrated on both cross-sec-
tions.

DESCRIPTION OF FORMATIONS
Burlington Limestone

(General Statement

The Burlington Limestone was named by James Hall (1857)
to replace the term “encrinital group of Burlington” which had
been used by Owen (1852). The Burlington is the lowermost
formation of the Osage Series in southeastern Iowa and overlies
rocks of Kinderhook age; it is overlain by the Keokuk Limestone,
The contact between the Burlington and Keokuk Formations is
not sharp and has been placed at various horizons by earlier
workers. Transitions beds between the formations were called
“Montrose cherts” by Keyes (1893) who considered them to be
part of the Burlington. Van Tuyl (1922), largely on the basis of
faunal relationships, placed these beds in the Keokuk Limestone.
The Iowa Geological Survey continues to accept Van Tuyl’s in-
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terpretation which was concurred in by Laudon (1937) in his
report on the Burlington Limestone.

Distribution and Thickness

The type area of the Burlington Limestone is at Burlington,
Des Moines County, Iowa., The formation has a broad outcrop
area. Exposures are relatively common in much of Des Moines
and Lee Counties and parts of Van Buren, Henry, Louisa, and
Washington Counties. Quarries expose the Burlington in Keo-
kuk, Jasper, Poweshiek, and Marshall Counties, but natural ex-
posures of the formation are not known there. Subsurface data
show that it is well developed beneath younger strata throughout
southeastern Jowa as shown on the Burlington structural and
thickness maps, plates 2 and 3.

The thickness of the Burlington Limestone ranges from 40 to
80 feet, with the thicker section in the south and west as shown
in plate 3. Rocks of the same age are distributed throughout
much of central United States and are represented in the Rocky
Mountain area.

Surface Characteristics

The Burlington Limestone in outerop has been deseribed by
Van Tuyl (1922) and Laudon (1929, 1937). The latter (1937)
subdivides the formation into faunal zones which correspond to
the lithologic members described herein.

As a result of subsurface studies Harris (1947) divided the
Burlington Limestone into three units. These have correlated so
well with surface exposures that member names are here pro-
posed and type sections designated and deseribed from Des Moines
County. The members in ascending order are, Dolbee Creek,
Haight Creek, and Cedar Fork. In general, the Dolbee Creek
Member (Laudon’s Cactocrinus zone in the type area, but includ-
ing his underlying zones where the member is thick) is rela-
tively pure crinoidal limestone with a small amount of chert; the
Haight Creek Member (Laudon’s Physetocrinus zone) is highly
cherty and contains dolomite as well as limestone beds; and the
Cedar Fork Member (Laudon’s Dizygocrinus and Pentremites
zones) is relatively pure crystalline limestone. The Dizygocrinus
zone commonly contains abundant glauconite which gives the
limestone a green color, and the Pentremites zone is cherty.

The Burlington Limestone is resistant to erosion and forms a
high northeast facing escarpment along the northern margin of
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Keokuk Limestone
Dolemite, dusky=yellow (S Y 4/3), finely crystolline calcarasus, mawsive beds of
white, mottled chert
Cedor Fork Member
25, Li

s very ly crystolline, gt itic, fish=tooth horizon 1.0

24, Limeitona, lightegroy, coarsely crystolline, ¢rinoid frog

, recrystollized
colcite insporey madrin, stylotitic  4.0°

23. limostone, light-groy, coariely crystelline, Spirifer grimesi cbundant, lenses
ond udu!'u of wl\i'l: tripolitic to potull'emcu: chert, mottled lid\;-gruy
(N2 1o N7); light bluishegraen (5 B 7/1), slightly dolemitic, blocky thale
bow 7.0

o

22. Limeuone, greenisth-gsay {5 G 4/1), coarnsely crystolline; sont flecks of glovconite
5652 o

21, Limestona a3 below, numerous thale portings 2.0

20. Limestone, light=giay (N 7), coarsaly crystalline, coleite ystollized from

inoids; di '1qz_' i (5{55/2) Dyzigocrinus 3.0
Haoight C“Bk Morbes
19. Dolomite, groyish-orange {10 YR 7/4), finely ceydiclline, colsite 2,0"
18. Limostone, yellowithegroy (S ¥ 8/1), medium=ceyticlline, dolomitic 1.0

17. Dolomite, groyith-orenge, finely crystolline, mousive, friokle 2,0

16. Limoitone ond dolomite, irregulorly montled 1.5

15. Dolomi Jd m

£ ¥
with siliseous fousil frogments

s heb

(10 YR 5/4), finely crysollire, colcorecus,
3.0

14, Dolonmite, brawn, finely crysiclline, thick-bedded 4.0

13, Dolomite, grayith crange=pink (5 YR 7/2), linely ceystalline; mottied gray
{5 YR 5/1 and 5B 7/1) chent, banded porollel to margins, prominant cross=
bedding on north face 5.0

12, Dolomite, biown, finoly crystalline, dense, light= to dark=groy mottled chert,
holcedonic to porcell , irregulorly bedded 1o noduler  3.8°
11, Dolomite, light olive=gray (5 Y &/1), finely crystelline 1.5

10. Limestone as below, coarsely crystalline, crinoidol 3.0

hedded 1

9. Li + yellowishgroy (5 ¥ 8/1) i

with brown d 3.0

loyers

8. Dolomite grading into dolomitic limestone, light=groy; finely crysolline, dense,
mauive 4.0

7. Dolomito 03 cbove with light= 10 medivm=gray, porcelloneous chort, some fossiliferous;
halcodony =lined Jomi kled with white siliceous fouil frogments  5.5°

yelined vugs; d

6. Dolomito, brown, Finely crystallino, thin-bedded, white siliceous fousil frogments,
porous; with thin stringers of motiled, fousiliforous chent 2,8
5. Dolomite, brownish=gtay, finely crystalling, denie; laminoe of greeaith-block, rounded
ollithed alovconite, nodutes of chort 2,65 b ‘
4. Dolomitle limestone, brownisthegray, finely 10 coarsely crystolling, glauconitic 1.0
Dolbee Croek Member

Kinderhook Seties
ion|

L L L[/

L veey light~gray (N 8), coorsely crystalline, crinoidal, massive, styolitic;
lentes of whito tripolitic chest 5.5

2. Limestone, dolomitic, finely crystolline 1.0

). Limestone, pele=orange (10 YR 8/3), coanely ceymalline 1.5
Wassenville Member
Dolomite, light=-gray (N 7), finely crystolline

Figure 7, Budlingion Limestone section exposed in Leonhord Quarry SE cor, sec, 1, T, 7IN,, R, 4W., Dos Moines County, lowa.
Key to symbols given in figure 2,
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the outcrop area in Des Moines County. The high bluffs along
the Mississippi Valley wall in the vicinity of the city of Burling-
ton are capped by Burlington rocks. Tributary valleys such as
Flint Creek, Yellow Spring Creek, Dolbee Creek and their
branches commonly have steep valley walls cliffed by the resist-
ant Dolbee Creek and Cedar Fork Members. Where the entire
formation is present, as at Starr’s Cave and the mouth of Dolbee
Creek, there are two cliffs separated by a steep talus-covered
slope. In many places the massive crystalline limestone members
form great overhangs beneath which “shelter bluff caves” are
formed at the horizons of the weaker underlying beds. Such
shelter bluffs are especially prominent at Crapo Park in Burling-
ton and at Starr’s Cave in the dolomites of the Haight Creek
Member and the Wassonville Formation. Northwestward along
the strike the scarp is buried beneath glacial till. Locations of
the type sections of the members and representative natural and
quarry exposures are shown on the map of Des Moines County,
figure 6. The complete stratigraphic section of Burlington Lime-
stone and contacts with the underlying Wassonville dolomite and
overlying Keokuk Limestone is very well exposed at the present
time in the J. T. Leonhard quarry located in the SE cor. sec. 1,
T. 71N., R.4W., Des Moines County. This would make an ideal
type section for the entire Burlington Limestone, however, most
of the section is below the level of Cedar Fork Creek and eventu-
ally may be covered by water. The section is shown in figure 1.
Dolbee Creek Member.—The type section of the Dolbee Creek
Member is exposed along Dolbee Creek near the Dolbee cemetery,
in the SE % SEY% sec. 23, T. 72N., R. 2W., Des Moines County,
Iowa (fig. 8).

Other typical exposures of the Dolbee Creek Member can be
seen in the abandoned Holsteen quarry along a tributary to
Yellow Spring Creek in the NW cor. sec. 35, T. 7IN., R. 2W.;
in the Flint River bluff near Starr’s Cave in the NW% NW¥4 sec.
19, T. 70N., R. 2W.; in the bluffs above the Mississippi River at
Crapo Park, Burlington; and in the Leonhard quarry (fig. 7).

The Dolbee Creek Member in surface exposures commonly
forms massive ledges or over-hanging cliffs. The dominant lith-
ology is very dense, coarsely crystalline, crinoidal limestone. It
contains scattered chert nodules and is sparingly dolomitized.
Spirifer grimesi and fragments of bryozoans are also prevalent
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Hoight Creck Mcember
Slopo covered by talus
Dolomite, very pale-crange, very fincly crystalline; lominae of greenish-block,
ded, polished gl it 0.3
Dolbee Creek Member .
4, Limestone, grayish-erange, coarsely crystalline, crinoidal calcirudite 1.5

3. Limestona, dolomitic, finely crystalline 0.4°

Series

SYSTEM

2. Limostone, pole-orange to groyish-orange {10 YR 8/3 to 10 YR 7/4) weatheting
1o dark yellowish-cronge (10 YR 6/6), corthy texiure, massive 5.5

Z|
i
; 1 1. Limestone, coarsely crystolline, Spirifer grimesi obundont  1.5°
|
2 &l ° ° °r Nosth Hill Member
:/"1 g3 Limestone, oolitic, white, weathers yellow
;.E E N 9 o) - Stream bed 5 feot
o
§
+H O
kY

Figure 8, Type section of Dolbee Croek Momber, Burlington Limestone SE} SEl sec. 23, T, 72N., R. 2W,,
Dos Moines County, lowa. Key 10 symbols given in figure 2.

in this member. It rests unconformably on rocks which are more
susceptible to weathering. At the type locality, the Dolbee Creek
Member is underlain by the oolitic limestone of the North Hill
Member of the Hampton Formation. At Crapo Park, Starr’'s
Cave, and Leonhard quarry, the Dolbee Creek is underlain by the
brownish-red dolomites of the Wassonville Member of the Hamp-
ton. Chonetes are prevalent in the Wassonville. The top of the
Dolbee Creek is a coarsely crystalline, crinoidal calcirudite con-
formably overlain by a nonresistant dolomite containing one or
more massive chert beds. Within a few feet of the contact in
the base of the Haight Creek Member there occurs a distinctive
zone of thin-bedded dolomite with laminae of greenish-black
rounded glauconite grains.

Haight Creek Member.—The type section of the Haight Creek
Member is exposed in a bluff on the north bank of Haight Creek
in the NW cor. sec. 12, T. 71N., R. 2W., Des Moines County (fig.
9). The bluff is approximately 100 yards west of the bridge over
Haight Creek on Iowa Highway 99, approximately half a mile
south of the community of Kingston.

Other typical exposures can be seen at the type section of the
Dolbee Creek, where the Haight Creek forms a steep talus slope,
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Cedar Fok Member
Covered

Limastone, very pale=oronge 1o Nd\t-gwf, coonely erytialline, very crinoidal, dissemincied
ploveenite as soft flecks

Haight Creek Member
1). Delomite, groyish=erange (10 YR 7/4), fine= 1o medium= crystalline ond grayish=ten,
wmocth, foniliferous chert 3.0

10. Dolemite, yellowithebrown, mediumecrystalline, slightly porous, eoihy, groy to white,
mattled, foniliferous chedt 1,0

9. Dolomite, yellewish-ten {10 YR 5/4), fine= to medium= crymtolline, porcus, herd, mossive;
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4. Limestone, yellowlsh=groy (5Y 8/1), finely 1o mediumecryitalling, dolomitic, very
erinoidol; light groy, metiled, fouilifercus, smooth, opoque ched occurs in scottercd
modules end lenses consortroted neor the middle of the unit, forms resivtant ledge that
1tonds out prominanily from the blufl 9.0

3, Delomite, tan, finely crytiolline, eonhy, noneresistant, light groy, rough, opogue chest
occuns in very irreguler nodules olong bedding plonet, fraclures easily 3.5°

4, Dolomite, grayish-brown, hard, dense, standi out o1 a cerhtent ledge 1.3"

3, Dolomlte, light brownlsh=gsay 10 light=brown, tinely crysrolline, appears eorthy;
light= 1o medium=groy chert occun in beds and nodules, somo fossibiferous 8.0°

2. Dolomite, brownish=groy, finely cryitalline, dense, laminoe of greenish-block,
reunded, polished glavconite groims 2,0

3. limeitone, counely entalline, crinoldal, glovconitic, dolomitic, thick=~bedded;
ight: metiled with whits, imocth, cpoque chea 1.0°
Dotbes Creck Mentar ‘ ’

Lizesione, light yellowithegray {3 Y 7/2) coonaly cryitolline, crinoidsl
Stream bed,

Figure 9. Type section of Haight Craek Marber, Burlingion Limettone NW cory sece 12, T, 71N, R. 2., Des Moines Courdy, lowo.

Key to symboh givan in figure 2.
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and in the adjacent Wever quarry in the NW cor. sec. 25, T.
72N., R. 2W., where all but the lower 5 feet can be seen. In the
overhanging cliffs of the Flint River bluff near Starr’s Cave the
complete section is exposed but is inaccessible for detailed study.
The upper portion of the member can be seen in the Raid Broth-
ers’ quarry at South Augusta in the SE% NW4 sec. 25, T. 69N.,
R. 4W., Lee County; the lower portion can be seen in the aban-
doned Holsteen quarry and the entire section in the Leonhard
quarry, both in Des Moines County (fig. 6).

The Haight Creek Member in surface exposures is commonly
reduced to steep talus-covered slopes. The dolomites tend to disin-
tegrate and the chert layers are highly fractured. A weather-
resistant rock ledge, 3 to 5 feet high occurs at the horizon of
crinoidal limestone and massive chert, generally found in the
middle of the member. The Haight Creek is marked by numerous
chert layers and dominance of dolomite over limestone. The
chert occurs as irregular beds and nodular masses. When ob-
served on the bedding plane these are seen to have a lattice-like
pattern. The chert is characteristically offwhite to light gray
and mottled with white to light yellowish-brown crinoidal frag-
ments. At Leonhard quarry much of the chert is mottled gray or
brown and has banding parallel to the margins of the nodules.
The dolomites are brownish gray, finely crystalline and friable.
Dense, coarsely crystalline, crinoidal limestone beds similar to
those in the Dolbee Creek and Cedar Fork Members occur near
the top and in the middle of the Haight Creek. They are some-
what finer in texture and are not glauconitic.

Cross bedding occurs in some localities and is particularly out-
standing at Leonhard Quarry where interbedded chert layers
have a uniform dip of about 15 degrees in bed 13.

Interlaminated glauconite and dolomite occupy a zone from
6 inches to 2 feet or more in thickness at the base of this unit.
The glauconite grains are polished, well rounded, and greenish
black (5 G 2/1) in color. It was deposited as a sand. This glau-
conite zone at the base of the Haight Creek is the most impor-
tant horizon marker in the entire Osage Series, because it is as
outstanding in well cuttings as it is in surface exposures.

The top of the Haight Creek is marked by a grayish-orange,
finely crystalline dolomite with calcite cement. It is conformably
overlain by resistant, coarsely crystalline, crinoidal limestone of
the Cedar Fork Member.



16 STRATIGRAPHY OF THE OSAGE SERIES

Cedar Fork Member.—The type section of the Cedar Fork
Member is exposed in the Leonhard quarry at an elevation which
would be above the natural water table (fig. 7). The quarry is
located near the east bank of Cedar Fork Creek.

Other typical exposures of the Cedar Fork Member can be
seen along Cedar Fork Creek in sections 1 and 12, T. 7IN., R.
4W., Des Moines County; at the type area of Dolbee Creek along
Dolbee Creek and in adjacent quarries; and in the Raid Broth-
ers’ quarry at South Augusta.

The Cedar Fork Member like the Dolbee Creek, in surface ex-
posures forms massive cliffs or overhangs. Its dominant lithol-
ogy is coarsely to very coarsely crystalline, crinoidal limestone.
Scattered glauconite is present throughout the Cedar Fork. A
concentration which gives the rock a greenish color occurs in a
zone two to four feet thick in the middle of the member. The
glauconite occurs as disseminated grayish-green (5 G 5/2 to
5/4) flecks which are not rounded nor oriented in layers as they
are at the base of the Haight Creek. Nodules and lenses of
white, porcellaneous, and fossiliferous chert occur in the upper
portion of the member. Spirifer grimesi and Dizygocrinus are
abundant.

The top of the member is marked by a horizon containing
numerous fish teeth, although evidence of these are rarely pre-
served in well cuttings. The enclosing limestone is very coarse-
ly crystalline, crinoidal, and contains disseminated glauconite
grains. The overlying Keokuk is composed of alternating dolo-
mite and crinoidal limestone beds, which are very cherty and
browner than those of the Cedar Fork Member.

Subsurface Characteristics in Southeastern District

The subsurface character of the Burlington Limestone is best
considered in two areas—the southeastern and the western dis-
tricts of the study area. In the region of the outcrop the litho-
logic character of the Burlington in subsurface is comparable
to that in surface exposures, and the members of the Burlington
Limestone are readily recognizable. These are well shown by
the sample logs in figures 10 and 11, Northwestward the amount
of dolomite gradually increases and both carbonates and cherts
become darker in color. Marker beds and certain lithologic pecu-
liarities (to be described) persist, allowing continuous recogni-
tion of the formation throughout the area covered by this report.

—
)
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Limwstone, light=gray, medium=crystalline, crinoidal
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grains

Limestone, light-gray, finely crystalline, with
embedded dolomite rhombs

Chert, offwhite, semitransluscent, conchoidal

Limestono, very pale=-crenge, medium to coonely
crystalline, crinoidal

Limestone, light=brown, fin:ly crystalline, with ﬁr:e
dolomite thombs embodded, frog of bochiepod

P

Limestone, very light-gray to light-gray, mottled with
frogments of crinoids and bryozoans; and white, smooth
chzrt mottied light olive-gray ond dork-groy

Colcirudite, white, coorely crystalline; and very
light=groy, finely soccharoidat dolomite with white,
smooth chert; disseminated light=-green, soft flecks
of glouconite

Dolomite, very light~gray, finely crystalline; white,
mottled light olive-gray calcirudite with scottzred,
embedded dolomite rhembs; and light bluith-groy
to medium light-gray, smooth chert with light<brown,

bedded dolomite rhombs; bose of member is marked

GGGG
— 45—
Dolbee Creek Menmber

—_— 25—
Kinderhook Series <

Hompton Formation
Wottonville Member

by heavy glavcenitic zone. This glouconite occurs oy
dineminated grains which ere greenish=black, reunded,
and polithed

Colcirudite, white, medium crystalline; and white, smooth
chedt

Dolomite, dark yellowith-brown, medium crptalline,
frogments of brachiopods

Figure 10. Percentoge logs of well cultings from Burlinglon Limestone ot A. Keockuk Country Club, Lee County

(W-0789), 0. J. C, Foecke,

Leo County (W=8167). Key to symbols given in figure 2.
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Percantoge bogs of woll cuttings from Burlington Limestone ot A. lowo Ordnance Plant well 4
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Dos Moines

County (W=-1431}, B. Wright Ringham, Stery County (W=2154), Key o symbols given in Figure 2,
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Dotbee Creek Member.—Well cuttings of the Dolbee Creek Mem-
ber are composed mainly of limestone with minor amounts of
chert and glauconite. The limestone, in which crinoid fragments
are abundant, is dominantly very pale orange (10 YR 8/2) to
offwhite, coarsely to very coarsely crystalline (pl. 4, fig. 5). A
small percentage of chert accompanies the limestone. This chert
is generally white, opaque, conchoidal, and has a stony luster,
but some of the chert may be dull and rough. The Dolbee Creek
characteristically contains a small amount of light-green (5 G
6/3) glauconite. Disseminated dolomite crystals occur in the
limestone in some localities as at the Iowa Ordinance Plant, Des
Moines County (W-1414, fig. 11 A).

This unit is thickest in the south near Keokuk, Lee County,
where it measures 17 feet in the Aikens well (W-1282, fig. 4).
From that area northward and westward it decreases in thick-
ness. Near Burlington, Des Moines County (W-1431), and Way-
land, Henry County (W-1332), the unit is about 10 feet thick,
and southeast of Crawfordsville, Washington County (W-1568),
it is only 2 feet thick. In the vicinity of Ainsworth, Washington,
and Wellman, all in Washington County, the Dolbee Creek is
absent. The distribution is shown in plate 3.

In Washington, Keokuk, and Louisa Counties a basal sandstone
or conglomerate occurs at the base of the Burlington Limestone.
It rests on the Wassonville dolomite. An exposure of conglom-
erate composed of angular and rounded chert pebbles and quartz
sand occurs 4 miles south of Riverside, Washington County, in
the NW14, SEY, sec. 31, T. 77N., R. 6W. It rests on reddish-
brown dolomite of the Wassonville and appears to represent a
basal Burlington deposit. The relationship of the conglomerate
to the Burlington Limestone is not observable at this exposure,
although the Burlington is present 200 yards away. At the type
locality of the Wassonville a well-sorted, friable sandstone occurs
at the contact between the Burlington Limestone and the Was-
sonville dolomite. It is composed principally of fine- to medium-
sized quartz grains which have secondarily enlarged crystal
faces. Although most grains are colorless, some are pink and a
few are dark brown or black. Small pebble-size balls occur with
the sandstone.

Subsurface occurrences of a sandstone similar to that at Was-
sonville have been observed in samples from wells at:
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Plate 4. Photomicrographs of representative well cuttings

of the Burlington Limestone X-7.

I. Cedar Fork Member (W-7981, 245' -250'): limestone
(lower right) offwhite, coarsely crystalline; chert,
white, opaque, stony luster.

2. Haight Creek Member (W-8167, 210" -215') near top
of member: chert, offwhite, smooth, porcellaneous
luster; limestone, offwhite, coarsely crystalline.

3. Haight Creek Member (W-8167, 235' -240') near base
of member: dolomite (the darker fragments), finely
crystalline, scattered dark grains of glauconite; chert
(lower right) shows chalcedonic banding and mottling
as well as fossil fragments.

4. Haight Creek Member (W-8167, 240" -245') base of
member: rounded, polished, dark greenish-black glau-
conite pellets in the darker fine-textured dolomite
and lighter coarsely-crystalline limestone.

5. Dolbee Creek Member (W-8176, 245' -250'): limestone
coarsely crystalline, containing crinoid fragments;
chert, white, smooth, opaque.
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Name Town County
Wellman city No. 2 (W-2238) Wellman Washington
Washington city test No. 4 (W-0686) Washington Washington
Ainsworth city No. 2 (W-1868) Ainsworth Washington
Keota city (W-0551) Keota Keokuk
What Cheer city test (W-0822) What Cheer Keokuk
Clarence Jennings (W-2360) Columbus Jct. Louisa
Cotter School (W-3874) Cotter Louisa

The sandstone varies in texture from very fine to medium-
grained, and is composed of quartz grains with well-developed
crystal faces as a result of secondary growth. Yellowish-gray,
unctuous clay accompanies the sandstone in most of these wells.
The bed appears to be conglomeratic in the Keota well as it
contains much weathered chert and brown clay along with sand.

Haight Creek Member.—The Haight Creek Member in subsur-
face is dominated by a high percentage of chert; as much as
50 percent in some localities. Generally both limestone and dolo-
mite accompany the chert. The chert is offwhite, opaque, gen-
erally has a conchoidal fracture, and a stony luster. A peculiar
and distinctive characteristic of the chert is the presence of
grayish-pink rhombohedral dolomite crystals enclosed in the
chert matrix (pl. 4, fig. 3). These crystals are commonly re-
placed by chalcedony. Some of the chert contains microscopic
drusy quartz masses. The limestone is similar to that in the
Dolbee Creek: white to very pale orange, fine to medium crystal-
line, crinoidal fragments with a clear calcite or siliceous cement
(pl. 4, fig. 2). The limestone commonly grades into dolomite,
as at Richland, Keokuk County (W-2387) and Pilot Grove, Lee
County (W-1385). The accompanying dolomite, also siliceous,
is pale orange (10 YR 7/2 to 10 YR 8/4), fine to medium
crystalline, and has a brilliant luster. A small amount of glau-
conite is generally scattered through this unit.

The base of the Haight Creek in most well sections as in
surface exposures, is marked by a glauconitic dolomite (figs. 10
and 11). The dolomite is darker and has a greater residue of
argillaceous and siliceous material than most of the dolomites
of the Haight Creek and has a silt-sized to medium-crystalline
texture. The glauconite is typically greenish black (56 G 2/1),
has a high luster, and a smooth rounded surface (pl. 4, fig. 4).
This horizon has been used as the datum for the structure map
of southeastern Iowa (pl. 2), because it is recognizable over the
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entire area. Additional detail is included in the section devoted
to the western district.

The Haight Creek Member has a rather uniform thickness in
the southeastern district ranging from 40 to 50 feet.

Cedar Fork Member.—The Cedar Fork Member in subsurface is
composed mainly of carbonates with minor amounts of chert
and glauconite. The carbonate of the Cedar Fork is dominantly
an offwhite to very pale-orange limestone with a medium to
coarsely crystalline texture; subordinate amounts of light olive-
gray, finely crystalline dolomite are present (pl. 4, fig. 1). The
rock is composed largely of crinoid fragments and hence might
be termed a criquina (Tester, 1941), which is a biocalcirudite.
The limestone is commonly very glauconitic, especially in the
middle portion, and as a consequence may have a greenish color.
The glauconite is generally soft and dark yellowish green (10
GY 4/4). Greenish-black, rounded, and polished grains similar
to those at the base of the Haight Creek are rare in the Cedar
Fork. The chert of the Cedar Fork Member is offwhite, opaque,
conchoidal, and subporcellaneous to stony in luster. Concentra-
tions of chert occur in the upper portions of the member while
the lower portion is relatively chert free.

The Cedar Fork occurs throughout the area of this report
ranging from 10 to 30 feet in thickness. It is most typically
developed in the southeastern counties,

Subsurface Characteristics in Western District

The Burlington Limestone exhibits gradational changes in
lithologies from the southeastern district to the western district
where dolomite beds increase at the expense of the limestone and
both carbonates and cherts become darker in color. However, at
Story City, Story County, (W-2158) the lithology of the Cedar
Fork Member is similar to that of the southeastern district.

In the western district the Burlington is composed mainly of
chert and dolomite with subordinate limestone. The chert is off-
white to light gray (N-7), commonly mottled or speckled gray,
generally opaque and conchoidal. Rhombic dolomite crystals,
which are often replaced by chalcedony, is a common feature.
Much of the chert contains drusy quartz, and in the lower part
of the formation the chert is very quartzose (Collins W-2164,
Des Moines W-0369). The accompanying dolomite is light gray
or light olive gray (6 Y 6/1) to dark yellowish brown (10 YR
4/2), and well crystallized with fine to medium crystalline tex-
ture; intersitial calcite cement is common. Some glauconite is
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present throughout but is abundant at the top and bottom of
the formation. In Marshall and Story Counties, as at Clemons
(W-1680) and Story City (W-2158), both the chert and dolomite
contain a large amount of glauconite which gives the rock a dark
green color. The glauconite occurs as greenish-black grains or
pellets with rounded and polished surfaces.

The Haight Creek and Cedar Fork Members are present in the
western district, but the Dolbee Creek appears to be confined to
the southeast as shown in plate 3. Even where the Cedar Fork
has been dolomitized the ghosts of the original calcarinite struc-
ture can be observed. The presence of glauconite in the Cedar
Fork also helps to distinguish this member from the underlying
Haight Creek Member and the overlying Keokuk Limestone. The
thickness of the Haight Creek in the western district averages
70 feet; the thickness of the Cedar Fork averages 20 feet.

The glauconitic dolomite zone marking the base of the Haight
Creek Member in the southeastern district extends beyond the
limits of the Dolbee Creek Member and rests on Kinderhook
rocks in the western district. Above the concentration of glauco-
nite the rock in well cuttings appears to be a slightly argillaceous,
silt-textured dolomite; however, after treatment in acid the per-
centage of residue is high and is partly argillaceous and partly
siliceous forming a delicate spongy mass full of silt-sized dolo-
molds (Hedrick, Keokuk County, W-1307). In some samples,
the interstitial material is not completely joined resulting in a
silty residue, as at Des Moines, Polk County (W-0369 and W-
0490). Generally a few chert fragments occur at this horizon.
The distinctive nature of the insoluble residue identifies the
horizon in a few wells where glauconite is absent.

Although this report is confined to the southeastern quarter
of lowa, the Cedar Fork and Haight Creek Members are recog-
nized in well cuttings from other areas in the State. The Dolbee
Creek, Haight Creek, and Cedar Fork have been recognized in
well cuttings from adjacent counties in Illinois and Missouri.

Sedimentation and Diagenesis

The Burlington Limestone originally was a bioclastic lime-
stone. The texture is controlled largely by the crinoidal stem and
plate fragments and is rather coarse ranging from calcarenite
to calcirudite. Some fine-textured limestone beds are interstrati-
fied with the coarser beds. Exposures of the formation show
massive continuous bedding, which are commonly cross laminat-
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ed. Neither quarry exposures nor subsurface data indicate bio-
hermal structures or bar development.

The original limestone has been diagenetically altered. The
fossil fragments were recrystallized and interstices ultimately
became filled by clear calcite, which commonly was grown in
crystalline continuity to the recrystallized fragments. Many beds
were subsequently dolomitized. In the southeastern district, the
limestone in some beds has been replaced by dolomite crystal
rhombs. In the western district dolomitization is complete. As
a result of this diagenesis, distinct carbonate lithofacies are
recognizable,

The exact nature and origin of the chert is a moot question.
The even and continuous chert beds that are seen in many
quarries would seem to indicate a primary origin. Nevertheless,
the enclosed fossil fragments, at least, have been diagenetically
silicified. Furthermore, many of the dolomites contain a large
chert residue, which may represent siliceous interstitial filling,
although much is considered to be formed by replacement. The
cherts of the Haight Creek Member commonly contain euhedral
dolomite crystals, although many of these rhombs are now chal-
cedonic pseudomorphs.

Keokuk Limestone

General Statement

The Keokuk Limestone was named by Owen (1852), for those
beds underlying the Archimedes limestone and overlying the
Burlington Limestone. Hall (1857), expanded the Keokuk to
include the Archimedes limestone and the 40 feet of calcareous
shale containing numerous geodes of quartz and chalcedony
which overlies the limestone. These beds he termed, “The Geode
Bed.” Owen applied the term “Keokuk cherty limestones” to the
beds which Hall referred to as the ‘“cherty beds of passage”
separating the Keokuk and Burlington. These beds were later
called “Montrose cherts” by Keyes (1893). The name “Keokuk”
has been used in various ways by different geologists, but it is
now used by the Iowa Geological Survey as defined by Van Tuyl
(1922) : “The Keokuk formation consists of the transition beds
known as the Montrose cherts, which are about 30 feet in thick-
ness, and the Keokuk limestone, which is about 40 feet in thick-
ness.”

In subsurface, the Keokuk Limestone is readily recognizable
in the region of the type locality. The ‘“Montrose cherts” are
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easily identified overlying the relatively noncherty Cedar Fork
Member of the Burlington Limestone. The top of the Keokuk
cannot be identified as readily. The upper Keokuk Limestone
is composed of gray, fossiliferous calcarenites with interbedded,
fossiliferous, caleareous shales, The shale beds increase in num-
ber and thickness upward, grading into the gray Warsaw shales,
and dolomite beds replace the limestone. Van Tuyl’s boundary
oceurs in the transition. In subsurface usage, the upper boundaiy
of the Keokuk is generally placed at the top of the calcarenite.
This usage may raise the boundary slightly to include Van Tuyl’s
basal limestone unit of the lower Warsaw, because it is litho-
logically similar to the uppermost Keokuk.

Distribution and Thickness

The Keokuk Limestone is exposed only in parts of Lee, Des
Moines, Louisa, Henry, Keokuk, and Van Buren Counties. In
subsurface it extends into central Iowa and southwestward into
Missouri, Nebraska, and Kansas. The regional distribution in
central United States is similar to that of the Burlington, out-
cropping in Illinois, Missouri, Arkansas, and northeastern Okla-
homa. Rocks believed to be of comparable age occur in Indiana,
Ohio, and Kentucky, but they are largely of terrigenous origin.

In subsurface of the southeastern district, the thickness of
the Keokuk where overlain by the Warsaw Formation averages
about 75 feet. It ranges from 100 feet at Keokuk, Lee County
(W-1282) to a minimum of 37 feet at Wayland, Henry County
(W-1332). In the western district it averages 50 feet. A max-
imum of 125 feet was found at Des Moines, Polk County (W-
0369) ; it is thinner north of Des Moines in Story and Marshall
Counties where it averages 25 feet.

Subsurface Characteristics in Southeastern Distriet

The “Montrose cherts’ are described as consisting of alternat-
ing layers of gray and blue cherty limestones in which several
brachiopod species typical of the Keokuk appear for the first
time. The upper beds “. . . consist of layers of grav to bluish
limestone, alternating with beds of shale, which are increasingly
prevalent and thicker towards the top” (Van Tuyl 1922).

The lower “Montrose cherts” and upper “Keokuk limestone”
are easily recognizable in the southeastern distriet (fig. 12A).
The lower portion of the Montrose unit generally contains a very
pale-orange (10 YR 8,2) and gray, medium to coarsely erystal-
line limestone grading into calcarenite. Fossil fragments, espe-



STRATIGRAPHY OF THE OSAGE SERIES

Msissippian Syrtem
Owoge Seties
Worsow Formotion

128" ——

Keckvk Limauons
[:: 38 4

& &
"

L X4
##
#au

Byrlington Limestone

eder fork Munbere

Oclomite, light brownlth=gsoy, finely crystelline; end
olfwhite chaleedomy

Colcarenite, light=groy, medivm crystalline; ond light
blolthegray chert, mettled groy and blozk, conchaldel;
fragmants of bryozoans and celnoids

Dolomite, lightegray, limly wecharoidol

Caolcorenite, very pole-cronge end light-groy, medium
crystolline; ond dark=groy, smooth chert

| Dolomite, lighi=gray, linely 1o medium crystolline; ond

vary polescronge, frogmental limestone groding inlo
Tight=gray calearenite; fragwants of bryoaoons end
erlnaldh

Dolomite, very light=gray, Finely soccharsidol; ond
olfwhite 10 very bight-tlue, smocth, conchoidel chedt

Colcacenite, light=gray, coarnely coyitelline; and
offwhite ehert, mott{ed bluith=groy, block ond brown,
smooth, opaque

Oolon-u. ylllmhb*bw-n ond grar, linely voecharoidaly
d1, and crlnoidy

Cakuunl'v. very pole=orange, toaniely erynalline with
scottered flecks of soft, Dight=green plavcoaite

A
Minhsippian System
Orage Serinr
Warow Formadlon Bolemite, ight medlumegiay, finesgralmed, orglilacwousy
A. Wi =7=1=={ ond medlumegroy, blotky thaley and offwhite, conchoidal
e =
Fedk Grevios 7 A chat
] Colcorenite, vary palescionge ond light=groy . medivm
o [T % L x erystalline; end light-bigwn ond groy, mettled ehent
# D DT IX Delomite, brownithgray, very finely saccharoidel
VA
VAN A
7
# A -4
fa &
X Shole, light medivm—grey, linile, mizoceons
# ar T Urattons, light brawalih-groy with embedded brownish
= |agz2i 182 £211  groy dolomite chombs, ¥ and fonlHil
@ AAA! £22]  and Iight © to dork=brown nwllhd, smoelh cherd
[t e] MR Vo2 B Ui )
2 |BAY Dolomite, light=groy, finsly coynialline
fay -,
L
# 1A
A Chert, light=groy, motiled with light= to dork=brows, ond.
O D . nlh}uu, mooth, opoque; ond brown, reccharoldol
7 AA A o A 77 a3 ond light browahh=gray, moltled, fragmentol
AT A AT (imetione
2 she s
4y
RSSO =
LAATL
# AL a aLA — L .
AAA AA —7 Dolomite, light=groy, Firaly crystalline, argilloceous
AAA AAA =4 Shole, Tight mediume-groy, finile
AT A =
e# Ia ABpD Linestone, lightogroy, (inely crystalline, fonllifaiovs
Pov A A
Buelingten Li S?'m 2 L! L | J‘l I Limestone, very pale-orange ond light<gray, ¢oarely
Cedor Fork Mamber ) ‘[‘1‘] T crystalline, fassilifercus
B
B

Figure 12, Percerdoge logs of well euliings l'ron K«Iuk I.Inniw o A, Max Bollin ferm, Les Courty (V1=11018),
Compony, J

0. Northwen Mytyal Life

Key 1o symbols given in figure 2,

County (W-1430)



IN SOUTHEASTERN IOWA 27

cially of brachiopods and crinoids are common (pl. 5, fig. 1).
Dolomite beds, composing about 50 percent of the carbonates of
the “Montrose” unit are light gray to light olive gray and fine
to medium crystalline. Most of the dolomite contains interstitial
siliceous material and some is argillaceous. A few intercalations
of gray, generally non-fissile, dolomitic shale are present. Chert
is the dominant lithology in well cuttings through the upper
portion of the Montrose cherts, although the percentage is un-
doubtedly exaggerated through drilling and sampling techniques.
The chert is typically light gray and off white mottled and specked
with black, gray, or brown; it is cryptocrystalline, opaque, breaks
with a conchoidal fracture, and has a stony luster (pl. §, fig. 2).
Spicular fragments of fossils are abundant in the chert and
serve to distinguish the Keokuk from the dominantly crinoidal
chert of the Burlington,

The upper part of the Keokuk is typified by light-gray calca-
renites. This unit is thick and well developed in some localities
as at Keokuk, Lee County (W-1282) and Keosauqua, Van Buren
County (W-0669) and only poorly shown in others, as in the
Bengston well (W-2150) near Denmark, Lee County. The cal-
carenite is very pale orange to gray, commonly with darker
mottlings (pl. 5, figs. 8 and 6). In many cases the fossil frag-
ments constitute the darker component. The fine-grained matrix
is mostly pure calcium carbonate with a small amount of gray
argillaceous material. Quartz sand has not been observed in the
Keokuk. The accompanying chert is gray and light bluish gray
(5 B 7/1), mottled and specked offwhite and black; it is opaque
and has a conchoidal fracture and subporcellaneous luster. Brown
chert occurs with the gray in some well cuttings; the amount
of brown chert increases toward the west (Montrose, Lee County
W-2290; Danville, Des Moines County W-1572; Rome, Henry
County W-1806; Richland, Keokuk County W-2387). Dolomite
beds also occur in this portion of the Keokuk and may be dom-
inant as at the Iowa Wesleyan College farm well, Henry County
(W-1804). The dolomite is light medium gray, fine to medium
crystalline, commonly argillaceous and grades into a chunky
dolomitic shale that has about the same color. Micaceous, fissile
shale is present at some localities. Glauconite, as scattered soft,
green spots, is associated with the Keokuk sediments, but a con-
centration has not been noted at any single horizon over a broad
area, as it has in the Burlington.
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Plate 5. Photomicrographs of representative well cuttings

of the Keokuk and the Warsaw Formations X-7.

1. Montrose chert (W-7981, 210" -215') limestone, coarse-
ly crystalline, crinoidal.

2. Montrose chert (W-8167, 175' -180') typical chert,
light gray and offwhite, mottled and specked with
gray and brown; dolomite, light gray, fine to medium
crystalline.

3. upper Keokuk (W-8167, 135' -140') light gray cal-
carinite, with darker mottlings by fossil fragments;
chert (upper left) light gray, speckled, opaque and
conchoidal; dolomite (lower right) gray, argillaceous,
finely crystalline.

4, upper Keokuk (W-7981, 185' -190') light gray cal-
carenites; mottled chert and chunky dolomitic shale.

5. Warsaw (W-8167, 105' -110') chalcedony rosette
(lower left); shale (upper left) medium gray, chunky
and dolomitic; dolomite, finely crystalline and
argillaceous.
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Subsurface Characteristics in Western District

The Keokuk Limestone in the western district is typically
brown—dark in the upper portion and lighter below. The most
striking lithology is the brownish-gray chert which is mottled
white and contains white spicules; it is conchoidal, opaque, and
has a stony luster (fig. 13 B). A chert of similar appearance
but with a very grainy texture, reminiscent of the grainy chert
of the middle Hampton in southcentral Iowa, was noted in some
well cuttings. The carbonate in this district is chiefly dolomite
rather than limestone and is characteristically brown, finely
crystalline, argillaceous and highly siliceous. Brown to olive-
gray, blocky, dolomitic shale is a third lithology typical of
the formation. The lower part of the Keokuk contains a large
amount of secondary siliceous material in the form of crystalline
quartz and chalcedony, probably of geodal origin.

Sedimentation and Diagenesis

The sediments of the lower Keokuk are little different from
those of the Burlington. They originated as bioclastic sands,
consisting largely of fossils and fossil fragments. The interstices
are filled with opaque microcrystalline carbonate, probably of
authigenic origin. Argillaceous material increases upward. The
upper Keokuk is similar calcarenite but much more argillaceous.

Shales interbedded with the calcarenites are fossiliferous and
calcareous or dolomitic. Fossil fragments of brachiopods and
crinoids and especially bryozoan masses are enclosed in the shale.

Dolomitization of the limestone is widespread, although not
always complete even in the western district. The dolomite is
commonly medium crystalline and rather dense. In the south-
eastern district the mottling of the original limestone is pre-
served in the dolomite and the original calcarenite structure is
discernible in both surface exposures and in well cuttings.

Silicification follows the same pattern as that in the Burling-
ton. Some is diagenetic, including silicification of fossil frag-
ments and interstitial filling of some of the clastic limestones.

Warsaw Formation
General Statement

The Warsaw, or Second Archimedes Limestone, was named by
Hall (1857) for 18 feet of highly fossiliferous beds of blue shale
with intercalations of thin-bedded, impure limestone from expo-
sures at Warsaw, Hancock County, Illinois. A typical exposure
occurs along a creek known as Soap Factory Hollow which joins
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the Mississippi River from the east approximately half a mile
south of Warsaw, Hancock County, Illinois. He later (1858)
expanded it to include about 50 feet of interbedded, calcareous
shales and limestone lying between the geode beds and the over-
lying St. Louis Limestone. Stuart Weller (1908) separated the
Spergen beds from the Warsaw and included them with the St.
Louis. Van Tuyl (1922), removed the geode beds from the
underlying Keokuk Limestone and included them in the Warsaw
on the basis of closer affinity of the fauna to the Warsaw than
to the Keokuk. The Warsaw Formation in Iowa conformably
overlies the Keokuk Limestone and is unconformably overlain
by the Spergen.

In subsurface, the lower boundary of the Warsaw Formation
is not readily recognizable. The underlying Keokuk Limestone,
though primarily composed of calcarenites, contains shale beds
which increase in number and thickness toward the top. The
lower Warsaw contains similar calcarenites. The boundary be-
tween them is nebulous and arbitrarily placed for uniformity,
at the top of the gray calcarenites in the southeastern district
and at the top of the brown dolomites and brown cherts in the
western district. The upper boundary is more easily recognized.
Presence of terrigenous quartz sand in the overlying Spergen
clearly marks the upper limit of the Warsaw. Where the Spergen
is absent, the Warsaw is overlain by the sandy limestones or
dolomites of the St. Louis.

Distribution and Thickness

The Warsaw Formation has a regional distribution in central
United States similar to that of the Keokuk. In Iowa it is ex-
posed only in Lee, Des Moines, Louisa, Henry, Van Buren, and
Keokuk Counties.

The bluffs in the south part of the town of Keokuk, Lee County,
have a vertical exposure of approximately 70 feet including the
rocks of the upper Keokuk Limestone, the complete Warsaw For-
mation, the Spergen Formation, and most of the St. Louis Lime-
stone. Here the Warsaw is 44 feet thick. The Warsaw is exposed
in contact with both the Keokuk and Spergen Formations in a
road cut exposure 4 miles northwest of Augusta, Des Moines
County, where the Warsaw is only 24 feet thick.

In subsurface, the Warsaw occurs over most of the srea of
this report. The greatest recorded thickness of 85 feet is at
Keosauqua, Van Buren County (W-3796). The average thick-
ness for the formation in the southeastern district is 50 feet.
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It thins to the northwest to an average of 25 feet. The placement
of the Warsaw-Keokuk boundary is difficult in Polk, Story, Mar-
shall, and Jasper Counties where the underlying Keokuk Lime-
stone becomes more shaly and the calcarenites have been replaced
by argillaceous dolomite. Here a section of 20 to 25 feet may
have questionable affinities (fig. 156 A and B).

Subsurface Characteristics

Van Tuyl (1922) divided the Warsaw into the upper and
lower members from the faunal evidence and the dominance of
the geodes in the lower beds. Lithologically the two members
are very similar, consisting primarily of blue-gray calcareous
shales, and fragmental, fossiliferous, dolomitic limestone.

In subsurface the Warsaw is characterized by shale, dolomite,
and chalcedonic chert lithologies (pl. 5, fig. 5). Shale is dominant
in the upper portion whereas the chalcedony tends to be concen-
trated in the lower portion (figs. 14 and 15).

In the southeastern district the shale of the Warsaw is pri-
marily very light gray to medium gray, chunky, and dolomitic.
Fenestrate bryozoans are preserved in the shales. Very light-
gray to light medium-gray, finely crystalline, argillaceous dolo-
mites accompany the shales. In the western district, both the
shales and the dolomites are darker, ranging from medium gray
to light brownish gray.

The chalcedony is associated with erystalline quartz and un-
doubtedly represents broken geodes. It is botryoidal, commonly
in concentric masses or in the form of rosettes with chalcedonic
centers surrounded by quartz. Typically the color is light bluish
gray and bluish white, but some is moderate reddish orange or
moderate pink,

The carbonate rocks interstratified with shale are more nu-
merous in the lower portion of the formation. In the outcrop
area, both in surface exposures and in well cuttings, these are
calcarenites, somewhat dolomitic. However, they have been
altered in most of the area of study to finely crystalline dolomite.
Ghosts of the original fragments are often recognizable. Argil-
laceous dolomites are the dominant lithology in the western dis-
trict probably because the shaly upper Warsaw has been largely
removed by post-Osage erosion.

Sedimentation and Diagenesis

The sediments of the lower Warsaw are similar to those of
the upper Keokuk. They originated as bioclastic sands with con-
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siderable incorporated argillaceous material. The proportion of
argillaceous material increases upward until the sediments of
the upper Warsaw are primarily calcareous muds. The shales
as well as the interbedded marly calcarenites are fossiliferous
and dolomitic. Fenestrate bryozoans are the dominant fossils,
but fragments of brachiopods also oceur.

Dolomitization of the limestone is nearly complete throughout
the area of this report. In the southeastern district the dolomite
is finely crystalline and argillaceous, and ghosts of the original
fragments are discernable. Siliceous material of the Warsaw
sediments is in the form of geodes. Silicification of fossil frag-
ments or interstitial filling of the clastic limestones has not been
observed.

SUMMARY OF
DISTINGUISHING CHARACTERISTICS

This summary of the criteria for recognition of the divisions
of the Osage Series is included primarily as a convenient ref-
erence for those who work with subsurface stratigraphy.

The distinctive features for recognition of the division of the
Osage Series in subsurface are graphically portrayed in figure
16. This shows horizontal as well as vertical distinctions. Photo-
micrographs of some well cuttings of the major units illustrate
the lithologies (pls. 4 and 5).

Recognition of the divisions is easiest in the limestone facies
of the southeastern district. Farther west, dolomitization has
masked some of the primary features. Nevertheless each forma-
tion has its characteristic aspects.

The Burlington Limestone is readily distinguished from the
overlying and underlying formations by the pure offwhite to
very pale-orange, crinoidal, coarsely crystalline limestone which
composes the Cedar Fork and Dolbee Creek Members. The un-
derlying Hampton Formation is a brown or yellowish-brown,
medium crystalline dolomite, and the overlying Keokuk is a gray
or brownish-gray cherty, argillaceous limestone or dolomite.
Typically the chert of the Burlington is nearly white with light-
colored mottles and crinoid fragments. It is generally distin-
guishable from that of the Keokuk by the lack of gray or brown
mottlings, although such coloring does occur in the Burlington
in some localities. The chert of the Haight Creek Member is
characterized by dolomite rhombs that are commonly replaced
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by chalcedony. Concentrations of glauconite occur at two hori-
zons. The base of the Haight Creek is marked by an impure
dolomite zone containing as much as 20 percent greenish-black,
rounded and polished glauconite grains. The Cedar Fork Mem-
ber at the top of the Burlington is likewise very glauconitic, but
the glauconite occurs in soft grayish-green flecks and a concen-
tration of this mineral near the top of the member is an impor-
tant criterion for separating it from the overlying Keokuk Lime-
stone especially in the western district.

Where locally present, in the east, the basal conglomerate and
sandstone is an excellent marker between the Burlington Lime-
stone and the Hampton Formation. It is very different in char-
acter from the other quartz sandstones of the Mississippian Sys-
tem of Jowa. The English River and Prospect Hill Formations of
the Kinderhook Series are quartz siltstones, gray in color, and
very well sorted. The sandstone of the basal Burlington is white
or yellowish, not as well sorted, and contains weathered chert and
dolomite. Sand grains in the Meramec formations are typically
“St. Peter” type, rather well rounded, frosted, and pitted. Sec-
ondary enlargement of the sand grains is not well developed in
the formations of the Meramec Series, but is well developed in
the siltstones of the Kinderhook Series and the sandstone
of the Burlington.

Dolomites of the Hampton are generally brown and are com-
posed of saccharoidal rhombohedral crystals, commonly with
clear, sparry calcite. Such void fillings are not common in the
Burlington dolomites. West of the outcrop area the chert of the
underlying Hampton Formation has an ash-gray color. It breaks
with a conchoidal fracture, has a stony luster and a distinctive
stippled appearance in some localities. It has a rough mealy
texture and dull luster in other localities. Brown shaly partings
are typical of the dolomites of the Hampton. Ghosts of oolites
oceur in much of the dolomite overlying the Hampton cherty
dolomite and directly underlying the Burlington Limestone in
Keokuk, Mahaska, Wapello, and Monroe Counties, This may
represent a southeastward extension of the complex stratigra-
phic sequence of Gilmore City - Iowa Falls - Eagle City. The
interbedded limestones associated with these oolites are very pale
orange or pinkish gray, densely microcrystalline, opaque, and
commonly oolitic. These are very different from the limestones
of the Burlington. The typical Gilmore City oolitic calcarenites,
which are locally dolomitized, underlie the Burlington in Story,
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Marshall, Polk, Jasper, Warren, and Marion Counties.

An excellent horizon marker occurs above the concentration
of glauconite at the base of the Haight Creek and below a high
chert concentration. This interval is commonly 10 feet in thick-
ness and is composed primarily of light-gray, soft, blocky, shale
containing dolomite rhombohedrons. The accompanying dolomite
is also light gray to medium light gray, is finely crystalline and
contains a high percentage of argillaceous residue. In some cases
the residue of the dolomite is argillaceous, siliceous, and dolo-
moldic, and retains the form of the well-cutting fragments.
This interval is believed to be equivalent to the medium-gray,
silty-textured, argillaceous dolomite observed above the heavy
glauconitic zone at the base of the Haight Creek in quarries and
well sample cuttings in Washington and Keokuk Counties
(fig. 11 B).

The contact between the Burlington and Keokuk Limestones
is more difficult to establish in the west than in the east. How-
ever, where present, the offwhite crystalline limestone of the
Cedar Fork Member clearly marks the top of the Burlington
Limestone. This unit is generally glauconitic and is therefore
identifiable even when dolomitized. The dolomite is generally
lighter in color than the dolomite of the Keokuk. The cherts
of the Burlington are offwhite to light gray, conchoidal, opaque,
and stony, whereas the lower part of the Keokuk contains a large
amount of chalcedony. In the extreme western portion of the
area, shale beds occur at the base of the Keokuk, but are rare in
the Burlington. The most distinctive chert of the Keokuk is dark
brown with disseminated white spicules; it breaks with a con-
choidal fracture and has a stony luster. The accompanying
dolomite is also dark brown, siliceous, and when treated with
acid commonly leaves brown argillaceous flakes as residue.

The distinguishing criteria for the recognition of the Warsaw
Formation in subsurface are the chalcedonic cherts and dolomitic
shales. Where the Warsaw and Keokuk Formations are both
dolomite, the boundary is difficult to place. There is a gradation
from the browner, coarser-textured Keokuk to the grayer War-
saw. Where present, the mottled gray or brown cherts of the
Keokuk and the chalcedonic cherts of the Warsaw serve to dis-
tinguish the formations. The dolomite of the Warsaw does not
contain the quartz sand that is so characteristically disseminated
through the dolomites of the overlying Spergen and St. Louis
Formations.
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STRATIGRAPHIC RELATIONSHIPS

The regional unconformity at the base of the Burlington
Limestone recognized by Laudon (1937), is confirmed by the re-
sults of this study. Laudon also noted a transgressive over-
lapping of the younger beds of the formation toward the north
and west. In subsurface this relationship is readily apparent in
southeastern Iowa where the crinoidal limestone, Dolbee Creek
occurs only in the southeastern counties (pl. 3). The sandstone
at the base of the formation in Washington County is also sig-
nificant in this regard. Further evidence of the unconformity is
the fact that the Burlington Limestone rests on progressively
younger beds westward from the city of Burlington, Des Moines
County.

The Keokuk Limestone overlies the Burlington conformably.
In the southeastern district the boundary has been placed at
the base of the Montrose cherts where changing depositional en-
vironments are indicated by a change from offwhite rather pure
deposits of chemical origin to gray rocks containing argillaceous
material of terrigenous origin. The contact with the Burlington
in the western district appears to be gradational, and a zone
about 20 feet thick has questionable affinities. In some wells
(Des Moines W-0369), (Melbourne W-0908), however, there is
a blocky, brownish-gray shale 5 to 10 feet in thickness at the
base of the Keokuk.

In central Iowa the Keokuk Limestone is characterized by
brown sediments and considerably more shale than in the east.
The upper 50 feet, especially, consists of dark-brown deposits
of chert, dolomite, and shale. A gradual change in lithologic
characteristics from the base upward and from the east to west
shows that this unit belongs to the Keokuk. The gray fissile
Warsaw shales generally overlying the Keokuk Limestone in
southeastern Iowa are not well developed in central Iowa and
are entirely absent in many localities. In such places the dark
brown unit of the Keokuk is overlain by the sandy dolomite of
the Spergen Formation.

The Warsaw Formation conformably overlies the Keokuk
Limestone. Lithologically the Keokuk appears to grade upward
into the younger Warsaw sediments. The two formations appear
to complement one another in thickness and facies alterations.
Cores from Geode State Park in Henry and Des Moines Counties
do not show any sharp break in sedimentation, but rather
alterations of shale and limestone——the former increasing, the
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latter decreasing upward. A boundary on lithologic evidence
appears to be more or less arbitrary. The combined thickness of
the two formations is shown in plate 6.

The overlying Spergen-St. Louis is marked by the appearance
of coarser terrigeneous clastics. An unconformable relationship

above the Warsaw is indicated by the absence of the Spergen
in some areas,.
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STRUCTURAL GEOLOGY

Southeastern Iowa is part of the eastern periphery of the
Forest City basin as mapped by Lee (1946). His series of maps
includes most of the area of this report but does not reach the
eastern margin of the basin, which is marked by the Mississippi
River arch. This broad arch, described and mapped by Howell
(1935), separates the Forest City basin from the Illinois basin.

A regional dip toward the southwest is apparent from the
outcrop pattern. The surface work of McGee (1891), Keyes
(1893), Gordon (1895), and Norton (1911) in southeastern
Iowa indicated parallel anticlines with their axes trending north-
west-southeast parallel to the regional strike. Considerable sub-
surface information has accumulated in recent years which
permits greater local detail. These data have further defined the
anticlines noted by the earlier workers. Structural features of
southeastern Iowa are shown in plate 2. The base of the Haight
Creek Member of the Burlington Limestone has been used as the
mapping datum.

The coincidence of the structural lows and the areas of thicker
accumulation of sediments as shown on the thickness maps (pls.
1, 8, and 6) is striking. Along the crests of the Bentonsport and
the Skunk River anticlines (pl. 2) the accumulation of Osage
sediments is much thinner than in the accompanying syncline
between them (pls. 1, 8, and 6). This is also true of the Bur-
lington, Sperry, and Oquaka anticlines and their related syn-
clines. This would indicate that this area had undergone defor-
mation prior to or during the deposition of the Osage sediments
in the southeastern counties.

The Lincoln fold of northeastern Missouri has been extended
into Appanoose County, Iowa. The paucity of control makes
further extension northwestward purely speculative. The Lin-
coln fold was probably a positive area during deposition of the
Burlington Limestone and appears to define the western boundary
of deposition of the Dolbee Creek Member. The greater thick-
ness of the Burlington sediments in the Moulton city well
(W-120385), Appanoose County, which is east of the fold, and the
lesser thickness in the Appancose County Home Well (W-7025)
which is on the fold is indicative of this. The thickness of the
Keokuk-Warsaw in these wells is within 5 feet, which suggests
that the Lincoln fold was quiescent during the deposition of these
sediments, ’
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ENVIRONMENT OF DEPOSITION AND
PALEOGEOGRAPHY

The Osage Series in Iowa is generally considered to represent
a stable shelf environment of shallow, warm, and clear seas.
Beginning with deposition of Keokuk sediments, an increasing
amount of fine-grained terrigenous material was carried into
the basin. An abundance of marine life inhabited these seas
and their skeletal remains actually compose a large portion of
the sediment.

The Burlington limestones consist mainly of disarticulated
crinoidal fragments, showing little wear, deposited as beds of
even thickness over the sea floor. A beach-like environment of
deposition is suggested by Laudon (1957). However, the con-
tinuous, even bedding and absence of structures that might be
interpreted as wave or current-built bars make such an environ-
ment questionable. It appears to the writers that the Burlington
coquinas must have accumulated more or less at the site of the
life habitat of the contributing organisms at depths where the
bottom was agitated but not strongly acted upon by waves and
currents. Thin layers of greenish shale suggest quiet rather
than turbulent waters, and it is in these shales that Laudon re-
ports the occasional occurrence of complete crinoid skeletons.
Stronger current action is suggested by the cross bedding ob-
served in some quarries, but even here no bar structures were
recognized.

Biocalcarenites likewise constitute the major lithology of the
Keokuk. A greater heterogeneity of skeletal remains, including
abundant fragments of crinoids, brachiopods, bryozoans, and
corals, shows that the sea floor was no longer dominated by
crinoid colonies. The limestone contains microerystalline car-
bonate and argillaceous void filling which was incorporated at
the time of deposition. Argillaceous material was spread broadly
over the basin and accumulated both as disseminated inter-
stitial material and in beds of shale. The shales are themselves
fossiliferous and must have accumulated slowly.

Alternating shale and limestone beds accumulated without
cessation in sedimentation from Keokuk into Warsaw seas, and
the same lithologies are common to both. After a time conditions
changed so that the calcarenites of Keokuk-type were no longer
deposited. The shales continued to enclose abundant fossil re-
mains—although not in every layer.
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The lithofacies map of the Keokuk-Warsaw Formations (pl. 7)
represents the lithologies of these units as they are today. It is
not a portrayal of original deposits because diagenetic changes
have been responsible for extensive dolomitization and silicifi-
cation. Nevertheless, inferences can be made regarding original
deposition, structural conditions, and diagenetic alteration.

Four lithologies dominate the Keokuk-Warsaw Formations:
dolomite, limestone, chert, and shale. These were treated in
two combinations, limestone-dolomite-chert and carbonate-shale-
chert as indicated by the illustrations, figure 17.

The percentage of each end-member lithology was computed
for rock cuttings from each well and plotted on the diagram
which was sub-divided into fields as shown on the illustration.
Each lithology or combination of lithologies was assigned a
symbol. Two maps were constructed, one for the carbonate-
shale-chert relationships and one for the limestone-dolomite-chert
relationships. The lithofacies map was then made by superim-
posing the two maps.

Lee County may be used as an example to illustrate the end-
member plots as shown in figure 17. All of the well samples in
the county were logged and the percentages of the constitu-
ents were calculated. These were plotted on triangle coordinate
paper. The carbonate-shale-chert triangle shows a tight distribu-
tion mainly in the shaly carbonate division but the scatter ex-
tends into the cherty carbonate. It will be noted that a minimum
of 10 percent chert, 5 percent shale, and 40 percent carbonate
oceurs in the well section. Many well sections fall in the tri-part
division where the percentages of each end member approach
equality. It is also clear that the boundary between shaly car-
bonate and cherty carbonate is gradational and the divisions are
therefore less sharp than the lithologic terminology suggests.

The scatter is much broader on the dolomite-limestone-chert
triangle. Chert content ranges from a minimum of 12 percent to
a maximum of 37 percent but the range in percentages of the
two carbonates is far greater. In most sections, limestone is
more abundant than dolomite. The maximum range is from 92
per cent limestone to only 29 percent of the total carbonate com-
ponent. These data have been integrated in the map (pl. 7) to
show the lithofacies divisions, The map shows the distribution
of the dominant lithologic components of the Keokuk-Warsaw,
although most well sections show the presence of shale, chert,
and both carbonates.
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Only a few well sections show a dominance of shale deposition
over the carbonate. Nevertheless a shaly carbonate facies is
widespread in the southern portion of the area and also occurs
in central Iowa. In Des Moines, Henry, Louisa, and Washington
Counties the shaly facies occurs in a loop which appears to follow
synclinal areas between the Burlington anticline and the Oquaka
anticline. This distribution adds credence to the theory that the
structures existed at the time of deposition. Bottom sediments
were winnowed of fine material in the shallower more agitated
water over the structural high and carried into the adjacent
troughs.

The same four-county area shows a striking distribution of the
carbonate and siliceous components. Well cuttings show that
sections of relatively pure carbonate occur along the axes of the
structural highs. On the Burlington-Mt. Pleasant anticline an
area of limestone occurs surrounded by dolomite. These rela-
tionships indicate less diagenetic alteration on the positive strue-
tures a condition the reverse of that generally noted.

The original sediments were probably limestone and shale.
Dolomite and chert, now the dominant lithologies in the Keokuk-
Warsaw Formations in most of southeastern Iowa, are mostly
replacements of the limestone. At present it is not known
whether the alteration occurred largely at the time of deposition
or much later.

At the beginning of Osage time, the seas advanced northward
across southeastern Iowa. During the time of Burlington depo-
sition Ozarkia was submerged as probably was part of Wis-
consia. The Mississippi River arch and the Lincoln fold were
positive areas, but received sediments. The land areas were sup-
plying little detrital or suspended materials and the only mate-
rials available in quantity were chemical precipitates and the
calcareous parts of the crinoids. The sea reached its maximum
extent during the Burlington. The basal standstone of the Bur-
lington of the Washington-Louisa Counties area probably repre-
sents a shore line deposit equivalent in age to the calcarenites of
the Dolbee Creek deposited off-shore in deeper waters. No other
evidence of shore line deposits has been observed, although the
seas must have extended further to the north than the present
outcrop limits indicate.

During the time of Keokuk deposition Ozarkia and possibly
Wisconsia were partly exposed but low lying; more muds were
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received in the depositional area. Continuing uplift and with-
drawal of the sea during the time of Warsaw deposition caused
more argillaceous material to be introduced and the proportion
of carbonate and siliceous material decreased.
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GLOSSARY OF SELECTED TERMS

authigenic—A term applied to minerals which are originated in
sediments at the time of, or after deposition. Term implies
local derivation rather than matter transported.

biocalcarenite—A term applied to a limestone composed of frag-

ments of organisms that have not been transported. Size of
the particles ranges from 0.062 mm. to 1 mm.

biocaleirudite—A term applied to a limestone composed of frag-
ments of organisms that have not been transported. Size of
the particles average coarser than 1 mm.

bioclastic—A term applied to rocks which owe their fragmen-
tation to the activities of organisms.

biogenic—A term pertaining to a deposit resulting from physio-
logical activities of organisms.

botryoidal-——having the form of a bunch of grapes.

calcarenite—A term applied to a rock composed of coral or shell
sand or of sand derived from the erosion of older limestones,
Size of particles ranges from 0.632 mm. to 1 mm.

caleirudite—A term applied to a rock composed of broken or
worn fragments of coral or shells or of limestone fragments,
the interstices filled with calcite, sand, or mud and with a
calcareous cement. Size of the particles average coarser than
1 mm.

coquina—A coarse-grained, porous, friable variety of limestone

made up chiefly of fragments of shells of molluscs and of coral
cemented together as rock.

criguina—Limestone composed very largely of fragments of crin-
oids.

diagenesis—The chemical and physical changes that sediments
undergo during and after their accumulation.

euhedral—A term applied to those minerals that are bounded by
their own crystal faces.

interstices—A general term for pore space or openings in rock.

lithofacies—The rock record of any sedimentary environment,
including both physical and organic characters.

lithofacies map—A map showing the areal variation in over-all
aspect of the lithology of a stratigraphic unit.

microerystalline—A term applied to a rock in which the indi-
vidual erystals can only be seen as such under the microscope.
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oolite—A rock consisting largely of small spherical or ellipsoidal
accretions. The grains commonly show concentric layering or
radial crystal structure, or both.

pseudomorph—A crystal, or apparent crystal, having the out-
ward form proper to another species of mineral, which it has
replaced by substitution or by chemical alteration.

sparry—A type of calcite which forms as a simple pore-filling
cement, precipitated in place within the sediment. It is dis-
tinguished from microcrystalline calcite by its clarity as well
as coarser crystal size.

tectonic—Of, pertaining to, or designating the rock structures
and external forms resulting from the deformation of the
earth’s crust.

terrigenous sediments—Sediments derived from the destruction
of pre-existing rocks on the earth’s surface.
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*Portion of well section graphically illustrated in the text.

APPENDIX
Town-
Quarter Section  ship Range
Des Moines County
*W-1431 Iowa Ordinance Plant No. 4 NE NE NE 1 69 AW
W-1572 Danville City NE SE NE 16 70 AW
Henry County
W-1342 Wayland, Harry Clark farm  SE cor. NW NW 20 73 W
W-1804 Towa Wesleyan College farm NI NE NW 2 70 H6W
W-1806 Rome, Donald Jennings farm SW NW NI 3 71 TW
“W-6945 Walter Boyd farm SWNW 7 1 G6W
Jasper County
*W-10662 Tobin farm N 2b 80 21W
Jefferson County
*W-1480 Northwest Mutual Life Ins.
Co. farm SE cor. NENE 13 71 10W
Keokuk County
W-0551 Keota City NW cor. 25 76 10W
W-0822 What Cheer City NW eor. SW SW 10 76 13W
W-1307 Hedrick City NE SENW 36 T4 13W
*W-2387 Richland City SE NW 27 74 10W
Lee County
*W-0789 Keokuk Country Club SW cor. NW 13 65 W
W-1282 Keokuli, Charles Aikens farm SE NW NW 35 65 W
W-1385 Pilot Grove, Northwestern
Mutual Insurance Co. farm NE NW NE 22 64 GW
W-2150 Bengston farm SE NE 5W 17 69 AW
W-2290 Montrose, Conlee farm SW NW SE 11 66 5W
*W-8167 Foecke farm SWNW 21 69 6W
*W-11048 Max Bollin farm NWSW 2 65 HW
Louisa County
W-2360 Clarence Jennings farm NWSWNW 25 4 W
W-3874 Cotter School SE SE SE 18 75 bW
Marshall County
W-0908 Melbourne City NWSWSWNE 6 82 19W
W-1680 Clemons, Dunn farm NI SWNW 14 85 20W
Polk County
W-0369 Des Moines, Reed lce
Cream Co. NE cor. SWSE 33 79 24W
W-0490 Des Moines, Colonial Bak-
ing Co. SW cor. 35 79 24W
“W-10531 Polk County Conservation
Comm. SE SE 32 81 25W
Story County )
W-2158 Story City NE NW S5 12 85 24W
“W-2164 Collins, Wright Ringham
farm SE SE NE 12 82 22W
Van Buren County
W-0570 Farmington State Park SW 2 67 8W
*W-0669 Keosauqua, O. A. Parrish
farm SE 6 68 9W
W-3796 Keosauqua City NW SE SW 36 Gy 10W
Washington County
W-0686 Washington City Test No.4 SW SW SW 17 5 TW
W-1568 Crawfordsville, Sam
Turkington farm SENKENE 24 74 W
W-2238 Wellman City SENE NE 24 77 HAYY
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