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ABSTRACT

The analysis of field and lasboratory date obtained from the
Merriam limestone member of the Plattsburg formation in eastern Kansas
formed the basis for the determination of the environment of deposition
and nature of the cyclothem units. The analysis showed the member to
be divisable into three distinct and persistent units. The lower lime—
stone unit is conglameratic at the base, aphanitic above the base, and
oolitic in the upper part. Zones of Composite and Q§ag137¥§n§§ag occur
in the lower part in the northern portion of the area. This unit is
extremely. variable -in thicknéss, The upper limestone unit is constant
in thickness, aphanitic, and contains worm-borings, fusulinids, and
algae at varlous localities. In southern Kansas the unit is yellow
and slabby with abundant sponges and there it represents the entire
member. A thin shale bed occurs in most places between the limestones.
‘The numerons lithofacies and biofacies raflect dszerent env1rauments
of-éepoaittun 1n ‘the shallow*watsr of “the- eulittoral zone and -ape-the
reeult of- variations -of substrana, positinns of currents, depths of
watery -and- amsuntowofma&aab&o%ﬁn@&ux After the greatest advance of
the sea, which resulted in the depositiqn of the upper limestone, the
sea became more shallow, ﬂhe southern shoreline of the Merriam sea
vias: in Okiaﬁoma énd the northeastern shoreline probably was in Iowa,

A though the member represents a fairly complete cyclothem in east-
central Kansas, less cyclothemic units are present to the south and
northeast where the relation of cyclothemic units to rock units is

transgressive,



INTRODUCTIOCN

Purpose of investigation

The purpose of this report is a study of the Merriam limestone
member of the Plattsburg formation with regard to the local and
regional stratigraphy and the environment of deposition. Such a study
involves the megascopic and microscoplic investigation of the 1ithology
and biota, and the cveluation of the results of.the-investigation

theough the processes and conditions of sedimentation and ecology.

Previous work

The Lansing formation of Hinds (1912, p. 7), as originally
defined, included the beds between the middle of the present Wyandotte
limestone and the top of the Stanton limestone, with the Flattsburg
limestone considered as one of its members. After later work delimited
persistent members within the Plattsburg and Stanton limestones, the
Lansing formation was changed to the Lansing group and revised by Moore
(1932) to include only those beds between the base of the Plattsburg
limestone and the top of the Stanton limestone, Thus the Merriam lime-
stone member became the base of the Lansing group. (Fig. 1).

The Plattsburg formation was first studied in detail by Newell
(1931, pp. 47-48) who recognized lesser units within the formation. In
this study Newell referred to the Merriam as the lower FPlattsburg lime-
stone, and it was not until the following year that the name Merriam

was formally proposed (Newell, in Moore, 1932, p. 93) from outcrops



near the town of Merriam in Johnson County, Kansas. However, this
description did not include a designation of a type section.
The next works which included a study of the Merriam were by

Newell (1935, pp. 70-72) and Jewett and Newell (1935, p. 181) on the
geology of Mlami, Johnson, and Wyandotte counties, Kansas. The former
work was a revision of Newell's theais (1931). The Merriam limestane
thus far had been described as consisting of two distinet units. The
lower unit is blocky, even-bedded, gray, and fossiliferous with
abundant Composita, m, and. Osagia. The unlt is locally oolitic
and cross-bedded and has an average thickness of about 18 inches. The
upper unit is a one-foot layer that is massive, dense, gray, and
slightly fossiliferous with cammon "worm borings",

The following year Moore (1936, pp. 128-129) also described the
member as above; in addition he referred to the type locality as
"village of Merriam, in quarry at NW cor, sec. 7, T. 12 S,, R. 25 E,,
in northern Johnson County, Kansas," This locality, which was subse-
quently referred to by Zinser (1950, p. 15) as the type locality, was
not published by Newell in his previous works, nor is it listed by
Wilmarth (1938, p. 1325) as the type locality. Investigation by the
author shows this locality to be stratigraphically below the Merriam.
Because the author considers an arbitrary standard section necessary
for the description and comparison of the Merriam limestone throughout
the area, he prornses that the section referred to in this paper as
Locality 5 (M‘g:m@) be considered the type section. This section is
located within the city limits of Merriam on U, S. Highways 50 and 169,

just south of the highway interchange.
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The next dexeription of the Merriam is by Moore, Frye, and Jewett
(1955, p. 187). Only a few additions were made to the previous descrip-
tions of the member., Nautiloid cephalopods were described as being
locally common where the Merriam is very oolitic, and the member was
described as being thicker locally because of the accumulation of algal
and granular limestone in its uppermost part.

The next general description of the unit,is.by Moore (1949, pp.
115-116) who.recognised three divisions within the member: 1) a lower,
blocky, drab to light-gray, highly fossiliferous layer, which weathers
gray or white; 2) a middle unit consisting of fine-grained, dense, verti-
cally-jointed bluish limestone; and 3) an upper unit consisting of algal
and granular limestone." The lower and middle units are essentially the
lower and upper units of Newell. The upper unit of Moore is described
as ranging from a featheredge to eight feet in thickness, less persist-
ent than the lower two parts, and containing rather abundant nautiloid
cephalopods.

The most recent description of the member is by Moore, Frye, Jewett,
Lee, and O'Conner (1951, p. 81) and is the same as that by Moore, Frye,
and Jewett (1955). The differences between these descriptions and the

result of the present study is discussed below.

"Meadow" limegtone

The Merriam limestone is equivalent to the "Meadow" limestone
nemed by Condra and Bengtson in 1915 with a type locality near Meadow

Station, north of Louisville, Nebraska. Contra (1949, p. 34) later
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FIG. 3. Type section of the Merriam limestone (Locality 5). Note the
three distinct units of the member and the extremely flat upper contact.



states that although the member was properly defined with relation to
its position and sequence in the section, its age correlation hasMprovod
to be in error, and although the name bas been used locally for more than
thirty years, it i&%ébﬁfdropped, because of the original errar in age
correlation, and the name Merriam is accepted by the Nebraske Swurvey.

The history of the term '"Meadow" limestone is given in detail by
Wilmarth (1938, p. 1330).

Location of area

The Merriam limestone crops out in the states of Iowa, Missouri
and Kahsas; it is‘also exposed }ocally in socutheastern Nebraska on the
NeméhavUpiirt,::Inxﬁaﬁaasathsgééhcropwbe&t“gxt§ndawﬁnﬂmeeaweﬂworth
County -n the Nowth. to Montgomery Comty. ia the. scutlPigs2). The
Merriam was studied in the area from Wyandotte County toféiieén County
(FLi1), ' | |

Characteristically, the Merriam limestone is ledge-forming through=-
out the outerop area in eastern Kansas (éig;ﬁk}. However, in places
where the overlying Hickory Creek shale is thin, the upper limestone
member of the Plattsburg formation, the Spring Hill limestone, is the
main ledge~former. In general, the Spring Hill limestone is the main
ledge-former in the southern part of the ares-studied;, and this relation
effects the abundance of outcrops of the Merriam which is much thinner

in the south, The scarp~forming nature of the Flattsburg in the central



and southern parts of the area is shown in figure 5.

With the exception of the bluffs along the Missouri and Krnsas
rivers most of the outcrop area in Leavenworth and Wyandotte ;ounties
is covered with loess., The Merriam is also poorly exposed in eastern
Johnson County, but there are several good exposures in the northern
part of the county along the northward-draining creeks. Many outcrops
of the Merriam occur in northwestern Miami County, eastern Franklin
County, and northern and central Anderson County. Outcrops, except
eroded rubble, are rare«fﬁemusbuthsén Anderson County,temeenbral Wilson
County, but even there the abundance of outcrops is not camparable with
that of northeastern Kansas,

The‘mést accessible outcrops in the area are the many road cuts,
but the Merriam is slso exposed in severai quarries‘and along stream
banks. In many quarries, however, the Merriam is exposed high in the

quarry wall,
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FIG: 7. Comnon topographic expression of the Merriam as ledge~-former,
lote the remainder of the Plattsburg is represented by rubble.

FIG. 5. Common topographic expression of the Plattsburg formation in
the central and southern parts of the area,



10

TECHNIQUES

Field Techniques

Outcrops were located for the most part by following section line
roads with reference to the outcrop belt shown on the Geologic Map of
Kansas, rThis metth\it\wwed a surprising accuracy otf the geologic map.
Moq)(; exposures were fozﬁ)q 1n road cuts and’ a few were found alogg
strea.m banl;s and in/ qua.rries. Stratigraphic sections from the State
Geological Survey of Kansas aided in this procedure,

At each exposure the member was measured and field notes were
written describing the member and the adjacent beds. Also, samples
were taken at most of the ouf:crops. These samples represent the com—
plete exposure at some localities and were randomly selected at other: .
iocalities, The use of complete and random samples instead of entirely
complete samples was the result, not of complete or partial exposure of
the section, but of the interest in determining the relative merit of
the two methods of sampling for the purpose of stratigraphic correla-
tion. The samples were taken in the form of large hand specimens and
the fragments for insoluble residue study were later chipped off the
specimens in the laboratory. Semples of the shale bed were also taken
where possible.

Appendix A conteins the detailed field descriptions of the member,
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Laboratory Techniques

The procedure followed in the laboratory may be divided into that
part dealing with the study of the limestones and that part dealing with

the study of the shale bed, One of the techniques used in the study of ¥

Lol ¥rakia b

the limestones was the analysis of insoluble residues@ Fof the most
part, the procedure which was used is that of Perkins (1952, pp. 12-33)
and the reader is referred to that paper for a detailed discussion of
the procedure, In general, the stepé involveé are as ou'ﬁined belovir.
The qrushed sample of 20 grams is dissolved in thirty percent hydrb-
chloric acid, after which it is filtered, washed and, dried. Aﬁ.er
weighing the residue to detemine the weight and pementage of soluble
and insoluble parts, the residue is boiled in hydrochloric aciti to re-
move any limonite. The residue is again filtered, washed, dr;;ed, and
weighed, The difference between thia wei.ght and ﬂbhe first weight is i
the weight of the lzhnonite which waa present. The residue is placed in
a 0,01N sodium oxylate solu'bion and agitated on an electrid shaker for
several hours to deflocculate the fine pa.rticles. The coa.rse fractxon
of the residue is separated off by washing the sodium oxylate solut.‘l.on
and residue through a 230 mesh screen (one-sixbeenth m:!.l]imeter)

coarse fraction is then weighed and stored for study. The rest of the
residue is placed in a beaker for sufficient time to _(permit thg fine
fraction to settle out and is then pouxfed into a gre&uate five;inchee
in height and let settle for five minutes (Lamar, 1§26). Theﬁ;gliquid
which is siphoned off contalns the fine fraction, and the me;iium

fraction is left in the graduate. After these two fracti.one have been
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;

dried, th_ej‘ residue prejaaration is eﬁ;nplete. Altt;t;ugh the megﬁed used
to separate the mediﬁn and fine fre.ctions is that of Lamar:,fe simila.l:
method is described by Krumbein and Pettijohn (1938); bub: as Perkj:ns

(1952, pp. 27-3(_)): points out, the Lamar method is quicker and there is
961; much difference in the résults.

. :‘;}'e"Another techniqug \used in the study of the limestones was acid
etching. Th&m*primarily that of Lamar (1950) and Tves
(1955)‘, 'l'he sample is sawed in a plane norn{al to the bedding and then
smoothed on a lap with grinding powder. Atterwa.rds, the sample is sub-
merged in a pan containing eight percent hydrochloric acid and left for
_v'bhree to eight minu‘bes s depending upon the deneity of the limestone.
The sample is placed in the acid pan with the smooth gide of the sample
up and as nearly level as possible to prevent fulrrowing by streams of
carbon dioxide bubbles., Acetic acid was a;uo‘used fer acid etching but
did not prove so effective as hydrochloric acid for differentiating the
soluble and insoluble materials. Also, as in insoluble residue studies
(St. Clair, 1935), the greater length of time necessary in acetic acid
studies did not produce significantly better results,

g Dry peels, as described by Sternberg and Belding (1942), were also
made by dipping the etched specimen of limestone in acetone and then
pressing it on a sheet of acetate., However, in this study dry peels
did not show color contrasts and did not permit easy identification of
the carbonate and noncarbonate material., A complete study would in-
volve both dry peels and acid etching inasmuch as the etched rocks do

not show the structure of organisms and are difficult to photograph.
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Thin-sections of the limestone were made from several sections, and
their possible use for correlation is described later.

Two methods were used in the study of the shale bed. The first
method consisted of preparing the shale for study of the microfauna, A
wnit weight of shalew;:boiled until the clay ié‘driven off and the
fossils and coarse material are left as a residue. More indurated
shale samples“a;:t;: first soaked in kerosene and then boiled. A few chips
of fresh shale fram each section are placed in a watch glass (Krumbein,
1947). After covering the shale chips with water, a few drops of acid
are Q'added. Then after washing and decanting to remove the clay, the
residue"’";;fémuﬁned for mineralogical camposition., The degree of
effervescencev'ji; é.lso noted and the relation of this to the results of

the boiling study will be noted later,

STRATIGRAPHY
Bonner Springs shale

One of the main reasons for the ledge-forming character of the
Merriam, besides the denseness and relative purity of the limestone,

is the thick sequence of shale which underlies it, This shale is named
the Bonner Springs shale in the northern part of the area, (Fig. 1) but
because of the disappearance of the underlying Wyandotte limestone to
the south, the shale is termed the Lane-Bomner Springs shale in southern
Kansas, The Bonner Springs shale is a somewhat variable unit in both

lithology and thickness. The most striking variation oceurs in the



I,
PIG.#®. Section at De Soto, Kansas, (Locality 10) showing local lime=-
stone developed in the Bonner Springs shale,
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vicinity of the town of De Soto in northwestern Johnson County, Kansas
(fig:;é). In this area the typical thick section of shale is replaced
by a sequence of up to five feet of granular cross—bedded limestone
with only one foot or less of shale at the top. This variation involves
not only lithology, but also thickness as only a short distance away
from this area the Bomner Springs attains a thickness of 20 to 25 feet,
This area (Localities 3, 10, and 12) is the only part of the region
studied in which this development of the cross~bedded limestone is
observed,

To the north of this area the Bomner Springs is composed of four
units: 1) an upper unit about seven feet thick composed of limy shale
and thin limestone beds; 2) an upper sandy unit of olive-green silty
shale and thin to thick beds of fine-grained sandstone; 3) a unit of
blue clay-shale; and 4) a lower sandy unit of olive-green silty shale
and thin sandstone beds, The total formation is about 30 feet thick.

A more typical section of the Bonner Springs is developed south of the
limestone area in Johnson County. The sequence in this area from bottom
to top is arenaceous shale, maroon shale, marlite, arenaceous and ar-
glllaceous shale, and local calcareous shale. The most distinctive
units in this sequence are the maroon shale and the marlite which can
be traced as far south as sec, 32, T, 18 S., R, 22 E, in Miami County
and sec, 9, T, 18 S,, R. 21 E, in Franklin County. North of this line
of southern limit the maroon shele and overlying marlite are only
locally absent. Each of the two units is commonly less than one foot in

thickness. The maroon shale is composed mainly of clay and the marlite
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is an argillaceous, yellow, nodular limestone., The remainder of the
section is predominantly olive-green with the upper one foot or less a
yellow or yellow-brown limy shale. Small limestone nodules are not un-
common in this upper part of the Bomner Springs. The contact between
the Bonner Springs and the Merrliam is sharp in this part of the area.

In southeastern Franklin County and to the south a two-fold change
occurs in the Bonner Springs, a change in color and lithology. The
upper five to 20 feet of the formation remains an olive-green to pale
olive somewhat arenaceous shale, but below this unit in most of the
area is a dark gray to blue more argillaceous shale, In several
localities the olive-green shale contains thin beds of sandstone. The
sequence just described is found at Locality 36 (?1. 1) and in eastern
Anderson County in the area including localities 44, 48, and 53. At
Iola and farther south the blue shale comprises almost all the upper
part of the Lane-Bonner Springs shale,

At those localities west of a line through Locality 34, 45, and 49
and at Localities 54 and 55 in southeastern Anderson County a thin-
bedded to massive, thick to thin, cross~bedded sandstone occurs at the
base of the olive-green shale. This sandstone contains ripple marks at
some localities. The thickness of the sandstone ranges from three feet
to about 30 feet, although in the latter section several very thin beds
of shale are interbedded with the sandstone. The top of the sandstone
occurs from five to 20 feet below the top of the formation.

Although the contact between the Bonner Springs and the Merriam is

usually sharp in this part of the reglon, it appears gradational at some
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localities where the lower two-tenths foot of the Merriam is somewhat

earthy and conglomeratic with shale pebbles,

Plattsburg formation

Merriam limestone member

Zatpoduction, Throughout the region studied certain units within
the Merriam limestone are recognized and, for the most part, traced with-
out difficulty. For the purpose of description these units are termed
the lower limestone unit, the shale bed, and the upper limestone unit.
This tripartite division is recognized throughout the area; however in
those parts of the area where the shale bed is missing, it is difficult
to separate the two limestone units.

Lower limestone unit. The lower limestone unit is the most vari-
able unit in lithology and thickness, The thickness ranges fram a
featheredge to over eight feet, with an average thickness of about two
feet., In the few localities where this unit is absent, the upper lime-
stone unit rests on the Bonner Springs shale. The unit is absent at
one locality in western Johnson County and at another in northern Miami
County (flaWQ). In general, the lower limestone unit is thin to the
east and west and thicker in the middle part of the area, especially in
the north where the lower part of the unit is massive and the upper part
is oolitic and cross-bedded, with indistinct low angle cross-beds.

These are the only localities in which any part of the Merriam is cross—

bedded,
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The lower unit is camposed of two beds in most of the area, however
at places there is only one bed and in southeastern Franklin County the
unit is represented by three beds. At several localities the lower 0.2
foot of the unit is greatly weathered and contains small pebbles of
shale sirmilar to that of the upper part of the Bonner Springs shale.
The remainder of the unit is characteristically massive and in places
oolitic, However for the most part, the limestone is light gray and
fine to medium grained although in the lower part the grain size is re-
duced to an aphanitic texture. The appearance of shale pebbles in the
basal few inches of the unit i1s more common toward the south, but
throughout the area the base is commonly earthy, shaly, and greatly
weathered. At certein localities this basal part of the unit resembles
the punky limestone bed which overlies the Merriam in the northern part
of the area. Also, this part of the unit is yellow=brown for an inch
or so beneath the outcrop surface at some localities, as Locality 16,
and at others it grades into the Bonner Springs shale., Although the
lower few inches of the unit is conglomeratic in many parts of the area,
especlally toward the south, this part of the unit is very earthy in
appearance but still dense at some localities. The texture is somewhat
granular with unequal sized grains, giving the rock the appearance of a
fine~grained conglomerate; however no shale pebbles are present,

At a few places a thin shale bed of one~ or two-tenths of a foot
in thickness is present within the unit, and commonly this shale con-
taeins plate~like limestone nodules of the surrounding rock. Shale part-

ings and slabby weathering along irregular planes are common in certain
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parts of the area,

Three especially interesting features occur in the limestone of
this unit., The first is numerous small cavities which are filled with
orange limonite; however, as would be expected, this feature is found
only in the zone of oxidation. Another festure present is worm-borings
which are filled with ferruginous clay; however, inasmuch as this
feature is more characteristic of the upper limestone unit, a discussion
of the feature will be postponed until that unit is described. The most
characteristic features of the lower unit are the dolomite veinlets, one
type of which is composed of dark crystalline dolomite whereas the other
type is composed of light gray dense dolomite. Although both types of
veinlets are present together in the same rock, they more commonly occur
separately. At a few localities the veinlets weather out in relief,

The veinlets are about one millimeter in width and have a maximum length
of about three inches along an irregular plane (ﬁig;l7). These dolomite
veinlets resemble the laminated masses of calcareous algae which are
present locally. In some specimens the limestone is observably oolitic
only near the veinlets. Eventhough this unit shows prominent vertical
jointing in some localities, this type of jointing is more common in the
upper limestone unit.

A minor fauna of fauna ramose and fenestrate bryozoans, productids
and other brachiopods, gastropods, and crinoid columnals is present
throughout the area with the crinoid columnals being the most abundant
revresentative of this fauna. Besides the above fauna there are certain

rare remains which are present in a few localities, Horn corals do not



FIG. 8. Composita zone near base of Merriam limestone.
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occur in the northern part of the area; however southward from south-
eastern Franklin County rare specimens are present at a few localities,
Another rare element of the fauna is sponges, which are present at a
few localities in the western half of Johnson County, in Allen County, }
and sparsely in between., The third rare element of the faung is even =
more restricted areally because.cephalopods occuzf‘ only in east=central
Franklin County.

Four forms represent the major part of the biota; these are QOsagis,
Vgaddéme {Orthomyalina¥, Composita, and fusulinids, The first three
forms are present in two somewhat definita zones in that part of the
area north of northeastern Anderson County. In this northern part of
the area the brachiopod Composita very commonly occurs in a zone -of
about 0.4 foot i&m thickness either just above the basal conglomeratic
part or, if the conglomeratic layer is absent, at the very base of the
member. Compogita is not restricted to this zone as it is present

throughout the unit; however in no other part of the unit are the speci-

mens so abundant as in the lower few inches,
At a few localities an ideal relationship is present in t.hat over-

lying the Composita zone is a zone of Osagia and m however
throughout most of this northern part of the area JEEQE.R also ranges

(PIB.T»IO) occur together only in the lower half of the unit as Ijxg:j;gg
is comnmonly absent in the upper part. Definitely Mzg gg is more re-
stricted than Osagia inasmuch as the latter is present throughout thg
unit vertically and throughout the area. South of northeastern Anderson

County m and Composita are very rare and finally disappear.



FIG. 9. Photomicrograph Yof‘ Osggig and. ooliths from upper part of
~ lower limestone unit.

o AL :
FIG:+30s; Myalina (Orthomyalina) ampla zone in lower part of lower

limestone unit,
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Fusulinids are absent north of central Johnson County, Locality 16,
and are very rare south of this locality to east-central Franklin County,
At the latter locality fusulinids are rare in the upper part of the unit,
but to the south fusulinids are more common and are present lower in the
unit until in southern Anderson County fusulinids are common throughout
the unit, Two types of fusulinids are present and both are probably
species of Triticites. One type is large and elongalte whereas the other
is more robust.

In parts of Allen County this lower unit contains common irregular
yellow clay laminae whereas in other places the lower part of the unit
is marly. Throughout the area the unit weathers dusky yellow to light
olive gray and where the overlying shale bed is absent, the umit weathers
even with the upper limestone unit. Although the Merriam is presen’ in
Wilsqn County, it isyéf a different sedimentary facies and thé writer
considers it unlikel§ that the lower liﬁestnne unit is representedvin
the southern sequehce.

Shale bed. Overlying the lower limestone unit is a very thin but
persistent unit, the shale bed, The unit is as much as 0.5 foot in
thickness but averages 0,2 foot, Wks;iethbwn“ih Fig, 11, the-shale bed
is absent in eastern Johnson County, along a belt from western Johnson
County to northern Anderson County, and to the southwest, Throughout
the area the shale is papery and laminated; however in the northern
part of the area it is somewhat more irregular in thickness along the
outcrop. Also in this part of the area it is pale olive to yellow=—
orange and appears to grade downward tirough an earthy limestone at the

base and into the underlying lower limestone unit, The shale is limy
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throughout most of the area and in general is more limy and yellow
where it is thinnest; however to the south the shale is more clayey and
is in other ways somewhat different from the northern appearance.

In almost every section in the southern part of the area north -of
Feoia the shale is light greenish-gray, olive gray, and moderate olive-
brown, but these colors are not interlaminated. Also characteristic of
this southern part of the area are common, small symmetrical, open folds
with vertical axes, At some localities limestome nodules are present in
the shale.,

In general, the shale bed contains very few megafossils, in fact the
only fossils observable in the shale are brachlopods and crinold
columnals, Crinoid columnals were found at only two localities, but
brachiopods are somewhat more abundant. Along the Kansas River;the
shale contains extremely abundant, well preserved 5pirife§oid~brachio—
pods; and although brachlopods are found in the shale along the eastern
edge of the outcrop belt, they are nowhere so abundant as in the Kansas
River area. The laboratory study of the shale showed other fossils to
be present in the shalse,

It 1s possible that the shale bed is present in those areas where
the lower limestone unit is absent; however if the shale is present, it
can not be distinguished from the underlying Bonner Springs shale. The
southern limit of the shale is unknown but it is possible that the shale
is contained in the shale sequence of southern Kansas and northern
Oklahoma,

Upper limestone unit. The uppermost unit of the Merriasm limestone

is the upper limestone unit. This unit is the most distinctive of the
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triad and with few exceptions can be readily identified throughout the
area. Also, it is the most constant unit in terms of thickness as the
thickngss ranges from 0.4 foot to 1.5 feet with an average of about one
foot, 'Asuisyahown“in‘Fig. 12, this unit-is somewhat thinner to the
northwest and thicker to the southeast, except in northern Johnson County.

In most parts of the area the upper limestone unit is composed of
only one bed of fine-grained to aphanitic limestone which is massive and
is crossed by prominent vertical joints. The unit commonly weathers
dusky yellow although in places it is a very light gray. On a fresh
fracture the limestone is light to dark gray with commonly a bluish
tinge. Where erosion has progressed to a more complete stage, this unit
is represented by rubble cdmposed of angular blocks;'thﬁs appearance is
more common in the southern part of the area. In less eroded localities
the unit is characterized by pitted weathering. The contacts of the
unit are fairly even, especially the upper contact which is almost flat
in most places. Although the dolomite veinlets characteristic of the
lower limestone unit are present in this unit, their abundance is far
less. At only two localities was this unit observed to be oolitic,

The writer considers this unit to be the only representative of the
Merriam limestone in sbuthern Kansas and in that part of the area this
unlt is classified by‘others as’equal to the entire membér. The reason
for the hypothesis that the entire member is not present in the south
will be discussed later under the toplc of environment of depositioﬁ.
The unit in southern Kansas is characteristically a yellow irregular

slabby limestone and contains an abundant fauna of sponges and crinoid

columnals. One of the better exposures of the unit is shown in Fig. 13,
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FIG. 14. Worm boring in upper limestone unit. Note near vertical
orientation and fragments of rod filling tube,
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This unit is less fossiliferous than the lower unit and contains a
fauna of crinoids in the form of common columnals; rare small brachiopods
with some Composits; rare echinoid spines; rare horn corals; common
calcareous algae in Allen County; common QOgagia, usually in the lower
part; and fusulinids. The fusulinids are of two types as in the lower
wnit and are much more common toward the south; however in the upper unit
they extend as far north as the Kansas River as compared to central
Johnson County in the lower unit, The above faunal list, however, does
not include the most characteristic feature of the unit, This feature
is the worm borings filled with yellow ferruginous clay. Worm borings
are, for the most part, very common in the upper unit and are found in
the upper paprt of the lower unit at only four localities. The worm
borings are three to five millimeters in width and have a maximum length
of eight centimeters. Same specimens are oriented vertically in the
rock but in general the tubes are inclined. Many of the borings are
single tubes whereas others bifurcate at the base and some intersect.

It is extremely possible, and indeed very likely, that not all the tubes
present in the rock are worm borings; however the discussion of most of
the tubes under the title of worm borings seems justified,

The soft, yellow, ferruginous, micaceous clay which by inspectlion
appears to fill the tube, does not in fact completely fill it, for, as
is shown in Figw:;4, part of the tube is filled by a thin rod of hard,
red, ferruginous matter. That this rod is not the result of secondary
replacement or precipitation is shown by the fact that the entire tube

is not filled by it, and yet it retains its circular cross section

instead of being planed off or irregularly constructed as would be
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expected from solution action. Undoubtedly, the ferruginous clay repre-
sents the alteration product of the rod as well as primary deposition.

Solutions have applied a thin film of ferruginous matter along the
small vertical joints, which might more descriptively be called cracks;
however it is rare if more than one of these cracks cross one of the
tubes, It seems very improbable that the amount of ferruginous material
necessary to fill the tube could have been introduced through these
cracks and not have resulted in a bleached zone slong the cracks. The
rock for a distance of two to four millimeters around the tubes is
bleached; but if the bleaching is due to the ferruginous material fill-
ing the tube, then why is there no bleached zone along the cracks?
According to Dapples (1942, p. 123) the sediment surrounding worm tubes
is commonly bleached, "apparently by the reducing action of the body
julces, After the death of the organism, the burrows become filled with
fine sediment and are preserved as small cylinders.'" The clay fillings
of the tubes are not limonite and the origin of the fillings can not be
put down to the near surface occurance of limonite or the weathering of
pyrite; however much of the clay has, in turn, been altered to limonite,

It seems very likely, therefore, that these tubes with their indis-
tinct annular convolutions and rod-like fillings are actually worm bor-
ings. These worm borings are very similar to the description of worm
borings given by Shimer and Shrock (1949, p. 234) in which they mention
the various attitudes of the hole, the fillings of castings of detrital
material differing slightly from the surrounding rock, and the occurance
of the granular filling weathering out as & curved or straight rod.

They also point out that where worm borings are present in number, other
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fossils are almost always scarce or absent., At certain localities the
worn borings of the upper limestone unit are certainly present "in num-
ber'; however it is very rare that other fossils are absent, although
when compared with the lower limestone unit, they are definitely less
abundant,

At several localities abundant limonite replacement has occured
randomly in the unit with the result that on casual inspection the
limonite replacement resembles the worm borings; however the limonite
replacement lacks the tubular development of the clay-filled worm bor-
ings. These features are not related to the worm borings and defini-
tely are not collapsed worm borings, inasmuch as the collapsed borings

retain all the characteristics of the normal tubes.

Hickory Creek shale member

The middle member of the Plattsburg formation is also a unit of
variable thickness and lithology. Although the average thickness of the
shale is about one foot, it is absent at some localities and is as much
as five feet thick at other localities; however Newell (1935, p. 69)
reports the member to be 20 feet thick at one locality in Johnson
County. The increase in thickness seems to be more a result of local
thickening than of regional factors,

Throughout the area the member essentially consists of two units,
one of shale and another of earthy, punky limestone. The limestone is
camonly fram 0,2 foot to O.4 foot in thickness and is overlain by the

main part of the shale, Underlying the punky bed is usually less than
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one inch of shale., The limestone is grayish-orange on a fresh fracture
and weathers a yellowish-gray. Although the unit is punky and earthy
on the weathered surface, it is massive and hard on a fresh fracture.
The appearance is that of a greatly weathered rock and it is impossible
to determine textural detail from megascopic investigation. The unit
commonly contains crinoid columnals, and at some localities brachiopods,
including Camposita, or fusulinids are present,

At some localities that part of the shale underlying the punk bed
is black, carbonaceous, and platy; however the black shale is not develop~
ed nearly so well as in the Shawnee group. The main part of the shale
is limy or clayey; where it is limy the shale is cammonly yellowish,
whereas the clay shale is mainly olive gray and slightly green, Through-
out the area the shale is laminated; however in the localities of more
limy camposition the shale is nodular in splitting. In the region of
southeastern Franklin County the Hickory Creek could be represented by
the thin, platy limestone at the base of the Spring Hill limestone mem-
ber,

In the southern part of the area this shale resembles the shale bed
in the Merriam limestone member in that it is composed of several colors
which are not interlaminated; however it is thicker than the shale in
the Merriam and also contains the punk bed., The small symmetrical open
folds characteristic of the shale in the Merriam were not observed in
the Hickory Creek shale, In southern Kansas the member thickens to as
much as 30 feet although more cammonly the thickness is between eigﬁt
and 16 feet., The ‘shale is dark gray and weathers light gray with a

bluish tinge. The shale is more fossiliferous than elsewhere and
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contains common sponges, crinoid remains, and brachiopods, especially
in association with the thin beds of argillaceous limestone which are
present., At some localities the shale and interbedded limestpne are
difficult to differentiate fram the limestone and interbedded shale of

the lower part of the Spring Hill limestone member.

Spring Hill limestone member

The upper member of the Plattsburg formetion is less variable than
the underlying members. Throughout the area it consists of a lower part
of dense, masslve limestone which commonly weathers into thin beds, and
an upper part of thin, irregularly-bedded limestone with the character=-
istic wavy bedding surfaces,

Because of the stratigraphic position which places a thick shale
sequence above it, the Spring Hill is usually well eroded and only
rarely is a complete section of the member found. South of central
Inderson County the member is commonly represented by only the lower
foot or so of the section and in places this is present only in the
form of erosion rubble,

In most places the member is light olive gray on a fresh fracture
and weathers a dusky yellow similar to the Merriam. The limestone is
fine-grained and although the lower part of the member is massive,
weathering produces thin plates which give the impression that the
entire unit is composed of thin wavy beds. The wavy beds of the upper
part of the unit are separated by thin shale partings,

The Spring Hill is very fossiliferous and contains abundant frag-
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ments as well as specimens of brachiopods, as Enteletes and Composita;
bryozoans; echinoid spines; and crinoid columnals up to one~half inch
in dismeter. The lower part of the member is characterized by brachio-
pods and bryozoans whereas the upper part contasins a large molluscan
element,

In southern Kansas the member thickens locally to as much as 80
feet and contains yellow and more irregular beds than in thé north,
Although the member is also féssiliferous in the south, the most abun-
dant element of the fauna is sponges. The‘member is somewhat shaly near
the base and top at some localities. The formation as a whole thins and

thickens greatly in short lateral distances in this part of the region.

SEDIMENTARY ANALYSIS
Insoluble Residues

An insoluble residue, as defined by Ireland (1936, p. 1087),
"includes all material remaining after a samplé has been digeéted by ‘
cold dilute hydrochloric acid," This definition is applicable to the 
material studied from the Merriam limestone, However, if this defini—
tion is taken in a strict sense, then the insoluble material remaining
after the digestion by acetic acid would not be insoluble residues. The
writer sees no reason for not including this latter material as insclu-
ble residues,

Insoluble residues have been studied by many geologists, especlally

since McQueen's (1931) work on the residues from the Cambrian and
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Ordovician rocks of Missouri. In Kansas, Hiestand (1938) described the
residues from Mississippian rocks and Perkins (1952) and Wahrhaftig
(1952) described the residues from Virgilian rocks. However, the works
of other authors are more closely related to the sequence involved in
this report. Preliminary reports on the insoluble residues of certain
Pennsylvanian rocks by Schowe, Keroher, and Kercher (1937) and by
Keroher (1939) describe the residues from the Plattsburg formation and
the Merriam limestone. Also, Wenberg (1942) described the residues
from the Plattsburg formation in Towa. A comparisan will be made later
of the findings of these reports and of the present report,

Table 1 is a classification of the insoluble residues of the
Merriam limestone member. Each type will be described in the order of
its appearance in the table, and since the particles forming the coarse
fraction of the residue are the most characteristic, they will be
described more fully.

Appendix B 1s composed of tables showing the types and percentages
of material present in the residues of each sampled section. The termi-

nology is that if Ireland and others (1947).
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TABLE 1, Classification of insoluble residues of the Merriam limestone
member,

I. Allogenic - Constituents derived from previous sediments,
1. Sand, quartz and minor amounts of mica
2. S1lt, quartz, minor amounts of mica, and aggregates
3. Clay
II. Authigenic - Constituents formed contemporanecusly with or
subsequently to deposition of the sediments,
A, Syngenetic - Constituents formed contemporaneously with
the deposition of the sediments.
1. Glauconite
2+ Fossils
B. Epigenetic - Constituents formed subsequent to deposition
and lithification of the sediments,
1. Interstitial silica
2, BSilicified fossils
3. Secondary quartz
4. Beekite

C. Syngenetic or Epigenetic

l. Chert
20 P}’rite
3., Limonite

Allogenic

Sggd. Sand grains composed of detrital quartz occur in various

amounts throughout the sequence of the Merriam limestone and throughout
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the area., The grains are loose, subrounded to angular, etched, and pre—
dominately a milky color, although in places the grains are orange or
red with limonite stain, The size of the grains ranges from 0,05 milli-
meter to 0.5 millimeter with the average being scwmewhexe between 0,1 and
0.2 millimeter. There is no relation between the size of the grain and
the color; however, probably because of the greater ease in viewing, the
larger grains appear to be more angular and etched. Most of the grains
are subrounded to subangular,

Although the average percent of the coarse residue formed by sand
grains is 13.5, the percent in the individual residues ranges from less
than one to 90 percent, For the member as a whole no regional change in
the percent of sand grains is evident, however a change is present when
the units within the member are considered. If the two beds in the
lower limestone unit are considered separately, there is a difference in
the amount of local concentration of sand grains, however the regional
plan is about the same. Therefore, an Isopercentile Map of the sand
grains in the lower limestone unit is plotted (Fig. 15), but because of
the,great variation which is present, the signlficance of the map is
nqt in the course of the isopercentile 1ines, but :ather in the illus-
tration of the great amount of local va&iation which is present. A
comparison of this map with an Isopercentile Map of the sand grainé in
the upper limestone unit (Fig. 16) points out the great difference in
the regional distribution of the sand grains during the two times of
deposition., In southern Kansas sand grains form as much as ten percent

of the residue,
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Small clear mica flakes are rare in the coarse residues although
in three sections in the southern part of the area the mica comprises
up to ten percent of the coarse fraction of the residue. In two of
these sections the mica is in the lower limestone unit and is associ-
ated with a relatively high percent of sand grains; in the one section
in which the mica is common in the upper limestone unit, sand grains are
rare,

Silt. The medium fraction, ar silt fraction, of the residuve aver-
ages ehoul 30 percent of the residue less the iron weight (Table 2),
The coarse fraction averages about 20 percent and the fine fraction
averages about 50 percent. The medium fraction is composed predomi-
nantly of white to tan silt-sized quartz grains and locally common
pyrite grains, white mica flakes, and silt aggregates. Small chert
fragments are also present., The quartz silt grains are about the same
size as those comprising the tests of arenaceous foraminifers and many
of the grains mey represent the disaggregated tests of foraminifers,
Only a few of the quartz grains are larger than those comprising this
dominant size group. No difference was noted in the composition of the
silt of the various units or parts of the ares,

The coarse fraction of the residue is characterized in many samples
by aggregates of silt-sized silica and clay; these aggregates were re-
ferred to by Perkins (1952, p. 37) as "algaloids". The aggregates are
small wad-like features which are generally light to dark brown and
rarely white. As Perkins states, these features have no organic
structure, although on the top and bottom of the discoid aggregates

are distinct concentric grooves. These aggregates however are not
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organic, but are the result of the chemical action of the digestion of
the sample in hydrochloric acid., Residues of the same sample derived
from digestion in hydrochloric and acetic acids show no aggregates in
the acetic residue; this is probably due in part to the lack of formation
of a gelatinous material in the acetic residue (St. Clair 1935, p. 148)
which causes flocuation of the finer particles. As a secondary test of
the possibility that these aggregates are orgenic and are primary in
the rock, the same sample from which the aggregate-containing residue
was obtained was etched in hydrochloric acid. The result was that none
of these insoluble aggregates were observed on the etched face of the
limestone although the residue contained up to 60 percent of these
aggregates. For some reason the sodium oxylate solution does not
deflocculate these aggregates and it can not be shown that it actually
does not add to the aggregation,

Because of this aggregation the silt-sized particles were caught
on the sieve and were counted as part of the coarse fraction of the
residue; thus the total weights of these two fractions of the residue
are misleading. The aggregates comprise from zero to almost 100 per-
cent of the residue. The cause of this variation is not known, however
certain percentage relations are strikingly uniform, especially the
relation between the percentage of aggregates and foraminifers. Wher—
ever the percentage of aggregates is high, the percentage of fora-
minifers is low; this relation is present not only in the residues of
the Merriam, but an examination of Perkins (1952) work shows the rela-
tion to be also present in the residues of the Shawnee group. In

those residues in which the percentage of sand grains is high,
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aggregates are almost always absent. There seems to be no relation
between the percentage of aggregates and the degree of dolomitization
of the limestone,

Q;gx. Clay forms about 50 percent of the residue although some
clay is retained in the silt aggregates caught in the coarse fraction,
This fraction was not studied except to determine the weight and subse-

quently the percentage of the residue.

Syngenetic

Glauconite. Glauconite occurs only rarely in the limestomes of
the Merriam and in no individual residue is the mineral common. The
color varies from light to dark green; however the light, or pistaccio,
green is more common., Although glauconite is present in both limestone
units, it is more commonly observed in the residues of the upper unit;
however because of the rarity of the mineral throughout the residues,
this seemingly greater abundance in the upper unit may be the result of
sampling.

Fossils. Arenaceous foraminifers are the most abundant fossils
present in the residues. They are composed of silt-sized grains of
white quartz which are very similar to the grains camprising the silt
fraction of the residue, The percent of arenaceous foraminifers in the
coarse fraction ranges from less than one to almost 100 with an average
of about 45 percent. In general, these foaraminifers are less common in
the southern part of the area and somewhat more common toward the east,

This statement applies to both limestone units; however the upper



43

limestone unit seems to show a more locsl concentration of the organ-
isms, Not only does the abundance of the organisms change to the south,
the types of foraminifers also change. In the northern part of the area
species of Ammovertella and related genera are predominant; however
these species are less common in the south where more tubular forms are
abundant., In the south the foraminifers are mostly represented by frag-
ments of tests rather than by complete tests.

Other types of fossils are only locally common; these types include
brachiopod spines, sponge spicules, bryozoan fragments, and some proba-

ble organic remains including massive, brown chitinous~like material.

Epligenetic

Interstitial silica. Insterstitial silica conmprises from zero to
20 percent of the residue with an average of sbout five percent., It is
characteristically white fine-grained, and dolomoldic, and has scattered
to abundant dolamolds, which are the voids left after the digestion of
carbonate grains by the acid. The interstitial silica seems to be more
abundant in the northern part of the area; however where the silica is
represented by fragments, it is difficult to differentiate this silica
from the silica grains of disaggregated foraminifer tests. Because of
this similarity in appearance the two types of silica are not differ-
entiated in some residues. Digestion by acetic acid produces both the

interstitial silica and the dolomite rhombs filling the dolomolds,



TABLE 2. Peroentage-Ghart:of Residue Analysis of the Merriam limestone member,

Sample Total Residue Residue Iron Iron Coarse Medium Fine
Number Residue Percent Minus Welght Percent Fraction Fraction Fraction
Weight Iren Percent Percent Percent
Weight
1B* 0.49¢ 2¢5 0.36g O.13g 26,5 2.9 33.3 63.9
2A 1,06 5.3 0.86 0.20 18.8 33.7 31.4 34.8
2B 1.21 6.1 0.85 0.36 9.7 " 3542 2740 37.6
2Ca 0.48 VA 0441 0.07 RAR 1.6 36.6 48.8
2Cb 0.47 R4 0.38 0.09 19.0 7.9 52.6 3944
3A 1.57 749 1.34 0.23 14.7 745 52.2 403
3B 1,00 5.0 0.84 0.16 16.0 10,7 36.9 5243
3C 0.78 3.9 0.69 0.07 8.9 2.9 37.6 59.4
LA 0.53 2.7 0.46 0.07 13.2 242 4143 5645
LB 0.47 A 0.42 0.95 10.6 o4 26,2 714
40 0,36 1.8 0.30 0.06 16.6 1.7 36.6 60.90

5AB 0.34 1.7 0.30 0.04 11.8 33.3 30.0 36.7



TABLE 2 (CONTINUED),

Sample
Number

5C
5D
6B
6C
7AB
9A
116
1] D
16A
16Ba
16Bb
16Be
16C

Total

Residue

Weight
0041%
3.22
1.63
0.27

0.32

Percentage Chart of Residue Analysis of the Merriam limestone member

Residue
Percent

2.1
16,1
8.2
1.4
1.6
1.5
1.9
19.5
2.3
1.3
1.3
3.3
1.1

Residue

Minus

Iron

Weight
0.34¢g
2.%

1.37

Iron Iron
Weight

0.07g 17.1

1.16 36.0
0.26 15.9
0,03 11.1
0.05 15.6
0,04 13.8
0.11 29.7
0.59 15.1
0.18 40,0
0,06 25,0
0.05 20,0
0.09 13.6
0,03 14.3

Percent

Coarse
Fraction
Percent

38.2
35.4
8.8
2.1
7ol
12.0
43
33
22,2
36.8
35.0
8.8

22.2

Medium
Fraction
Percent

20,6
21.8
49.6
29.1
37.0
4440
423
22,9
2549
1.0
25.0
b5
22.2

Fine
Fraction
Percent

41.2
42,7
41,6
66,5
55.5
4440
53.8
73.7
51.8
4241
40,0
66,5
5545

gy



TABLE 2

Sample
Number

174
178
17¢C
20A
20B
20C
R3A
23B
23C
26Aa
26Ab
26B
26C

(CONTINUED ).

Total

Residue

Weilght
0.34g
0.62
0.36
1.09
0.38
0.34
0,72
0.78
0.64
1.67
0,91
0.83

0,30

Percentage Chart of Residue Analysis of the Merriam limestone member.

Residue
Percent

1.7
3.1
1.8
5¢5
1.9
1.7
3.6
3.9
342
84
45
4e2
1.5

Residue
Minus
Iron
Welght
0.29g
0.59
0,22
0.98
0.32
0.31
0.62
0,57
0.54
1.55
0,78
0.70

0,20

Iron
Weight

0.05¢g
0.03
0.14
0,11
0,06
0,03
0.10
o.11
0,10
0,12
0.13
0,13

0.10

Iron
Percent

1447

L8
38.8
10.1
15.8

8.8
13.9
4.1
15.6

742
1442
15.6
33.3

Coarse
Fraction
Percent
13.8
5.1
be5
14.2
12,5
12,9
17.7
14.9
9.3
84
7.7
8.6

15.0

Medium

Fraction

Percent
41.3
30,3
59.0
42.8
53.1
2.6
35.5
28,3
31.4
36.7
42.3
4.3
25.0

Fine

Fraction

Percent
44,8
SYAVA
36.3
42.8
3hok
645
46,7
56.7
59.2
5448
50.0
77.1
60,0

97



TABLE 2 (CONTINUED), Percentage Chart of Residue Analysis of the Merriam limestone member.

Sample Total Residue Residue Iron Iron Coarse Medium Fine
Number Residue Percent Minus Weight Percent Fraction Fraction Fraction
Welght Iron Percent Percent Percent
Weight
278 0.32g 1.5 0.28g 0.04g 12.5 35.7 143 50,0
R7C 0.28 1.4 0.24 0.04 1.2 20.7 12.5 66,6
28AB 0.47 244 0.38 0.09 19.1 3.7 21.0 55.2
28Ca 0.60 3.0 0.48 0.12 20,0 1446 333 52.0
28Cb 0.38 1.9 0.32 0,06 15.8 21.9 21.9 5642
283 ¥k 0.55 2.8 0.40 0.15 R7.2 10.0 15.0 75.0
29A 0.74 3.7 0.67 0.07 9.5 41,8 17.9 40,2
29B 0.62 3.1 0.48 0.14 22.5 29.1 27.0 4347
29C 0.39 2.0 0.27 0,12 30.8 25.9 R2.2 51.8
31A 1.06 5.3 0.92 0.14 13.2 19.5 434 36.9
31B 0.57 2.9 0.48 0.09 15.8 27.0 25.0 47.9
316 0.26 1.3 0.19 0.07 26.9 26,3 42.1 31.5
324 0.36 1.8 0.23 0.13 36.1 26,0 26,0 47.8

Ly



TABLE 2 (CONTINUED)., Percentage Chart of Residue Analysis of the Merriam limestone member.

Sample Total Residue Residue Iron Iron Coarse Medium Fine
Number Residue Percent Minus Weight Percent Fraction Fraction Fraction
Weight Iron Percent Percent Percent
Weight

278 0.32¢g 1.6 0,28¢ 0.04g 12.5 3547 14.3 50.0
_7C 0.28 1le4 0.24 0.04 14.2 20,7 12.5 66.6
28AB 0.47 244 0.38 0.09 19.1 23,7 21,0 5542
28Ca, 0.60 3.0 0.48 0.12 20,0 14.6 33.3 52.0
28Cb 0.38 1.9 0.32 0.06 15.8 21.9 21.9 5642
285k #% 0.55 2.8 0.40 0.15 7.2 10,0 15,0 75.0
294 0.74 37 0,67 0.07 9.5 41.8 17.9 40.2
298 0,62 3.1 0.48 0.14 R2e5 29.1 7.0 43,7
29C 0.39 2.0 0.27 0.12 30.8 25.9 22,2 51.8
31A 1.06 543 0,92 0.14 13.2 19.5 434 36.9
313 0457 2.9 0.48 0.09 15.8 7.0 25.0 47.9
31C 0.26 1.3 0.19 0,07 26,9 26,3 42,1 31.5

324 0.36 1.8 0.23 0.13 36.1 26,0 26.0 47,8

gy



TABLE 2 (CONTINUED), Percentage Chart of Residue Analysis of the Merriam limestone member.

Sample Total Residue Residue Iron Iron Coarse Medium Fine
Number Residue Percent Minus Weight Percent Fraction Fraction Fraction
Weight Iron Percent Percent Percent
Weight
32B 0.37g 1.9 0.30g 0.07g 18,9 23.3 33.3 43,3
32C 0.38 1.9 0.22 0.16 42.1 7.2 31.8 40.9
33Aa 1.33 6.7 1.20 0.13 9.8 10.8 525 36.6
33Ab 0.91 46 0.75 0.16 17.5 20.0 46.6 33.3
338 0.47 PIA 0.39 0.08 17.0 38.4 28,2 33.3
33C 0.29 1.5 0.22 0.07 R4l 59.0 2247 18,1
43A 2,65 13.3 2.48 0.17 64 18.1 40,7 41,1
43B 0.62 3.1 0.49 0.13 20.9 20.4 38.8 40,8
43 0.33 1.7 0.22 0.1  33.3 27.3 273 45k
ALAB 3.63 18,2 3.38 0.25 6.9 23.9 35.5 40,5
440G 0.33 1.7 0.25 0.08 R4l 52,0 16,0 32.9
LA SHRR 0.73 3.7 0.64 0.09 12.3 25.0 3443 40.6

454 1.61 8.1 1,40 0.21 13,0 22,1 38.5 39.2

67



TABLE 2 (CONTINUED). Percentage Chart of Residue Analysis of the Merrlam limestone member.

Sample Total Residue Residue Iron Iron Coarse Medium Fine
Number Residue Percent Minus Welght Percent Fraction Fraction Fraction
Weight Iron Percent Percent Percent
Welght
45B l.l4g 5.7 0.93g 0.21g 18.4 11.8 43.0 45.1
45C 0.24 1.2 0.15 0.09 37.5 40,0 26,5 33.3
46A 1.26 6.3 1.10 0,16 12,7 10.9 4545 43.6
46B 0.86 43 0.77 0.09 10.4 247 20.8 5445
46C 0.87 bheb 0,72 0.15 17.2 20.8 43.1 36.1
ALBABL¥¥#% 2 L0 12.0 2.06 0.34 1.2 36.9 29.1 34.0
48C1 0.71 3.6 0.53 0.18 b el 2445 22.6 52,8
48AB2 4426 R1.3 3.65 0.61 143 38.9 26,8 34.2
48C2 1.13 547 0,83 0.30 26,5 20,5 39.8 39.8
494 0.45 2.3 0.31 0.14 31.1 9.7 32.3 58.1
504 0,56 2.8 0,48 0.08 1443 37.5 27.1 35.4
50Bb 0.93 2,7 0.74 0.19 20.4 18.9 33.8 47.3
50C 0.72 3.6 0.55 0.17 23,6 12,7 29.1 5842

0%



TABLE 2

Sample
Number

54AB
54C
58C

59C

(CONTINUED).

Total
Residue
Weight

0.94g
0.51

1.33
7.06

0.77g

0.49

0.97¢g

Percentage Chart of Residue Analysis of the Merriam limestone member

Residue
Percent

447
2.6

6.7
35.3

3.9

2.5

48

Residue Iron Iroe Coarse
Minus Weight Percent Fraction
Iron Percent
Weight

0.73¢g 0.21g 22.3 20.5
0.36 0.15 29.4 16.7
1.21 0,12 9.0 11.6
6.38 0.68 9.6 11.4

Averages for Merriam limestone member

0.66g 0.13g 18,7 19.9

Averages for upper limestone unit

0.39g 0.10g  22.4 19.9

Averages for lower limestone wnit

0.83¢g 0.Lg  16.5 19.8

Medium
Fraction
Percent

30.1

33.3
38,0

bhyo5

3247

31l.4

33.5

Fine
Fraction
Percent

49.3
50,0
50.4
44,40

47,3

48,6

46,6

TS



TABLE 2 (CONTINUED). Percentage Chart of Residue Analysis of the Merriam limestone member

* In the sample numbers the arabic numeral refers to the measured section at which the sample
was taken; the capital letters A and B refer to the lower and upper part of the lower lime-
stone unit and the capitel letter C refers to the upper limestone unit; the small letters are

subdivisions.
#% Residues from the yellow punky limestone bed in the Hickory Creek shale member,
#%% Regidues from the Spring Hill limestone member.

#xx# Residues 48AB1 and 48C1l are from the thick section of the Merriam at Locality 48,
whereas residues 48AB2 and 48C2 are from the thin section of the Merriam at the same

locality. See text for details.

(A9
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Silicified fossilg. Silica replaced organisms represent various
percentages of the residue but the percentage is always small. The
silica is generally white with a granular to smooth texture.

Secondary Quartz. Secondary quartz is rare in the residues of the
Merriasm but is represented by clear, subhedral to anhedral, loose
grains, Although the grains attain the length of 0,5 millimeter, the
average length is about 0,1 millimeter or less.

Beekite. Beekite is present in many residues as a minor constitu-
ent and only rarely exceeds five percent of the residue. The beekite
in these residues is white and occurs as nodules and fossil replace-
ments. The nodules are commonly round whereas the replacement is of a
discoid form and rarely of other fossils as shell fragments and crinoid
columnals, Beekite is defined by Rice (1954, p. 38) as "a crypto-
crystelline variety of quartz, resembling chalcedony, formed by the
replacemént of limestone, as coral or shells, with silica." Beekite is
referred to by Irelend (1947, p. 1490) as "botryolidel, subspherical, or
discoid accretions of opaque silica replacing organic matter, generally
white.," According to Hatch, Rastall, and Black (1938, p. 209) in many
calcareous rocks which have been partly silicified in a diffuse manner,
only the fossils are found to be replaced and this silica is commonly
beekite which characteristically shows a pattern of interfering systems

of concentric circles,
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Sygenetic or Epigenetic

Chert. Chert is a minor but diagnostic part of the coarse fraction
of the insoluble residues., The chert is smooth, chalcedonic and ordi=
nary, unmodified and dolamoldic, with colors of clear, reddish, gray,
smoky, green, brown, and, most importent, blue to blue-black. The most
common chert is clear, ordinary, and unmodified., In only one residue
was the amount as much as five percent of the residue. Much of the
chert is etched, especially the more brilliantly colored varieties, The
green end brown chert is present in only a few residues of the upper
limestone unit from the southern part of the area; these varieties of
the chert are very rare, as is the blue to blue-black chert., Although
this blue chert is so rare that only one or two grains may be present
in a twenty gram residue, the chert is present in over half of the
sections sampled and of these sections the blue chert is present in
three times as many residues from the upper limestane unit as from the
lower limestone unit,

Keroher (1939, p. 349) describes the characteristic feature of the
Winterset limestone residue as a black or dark blue-black chert which,
although present in practically all samples, shows some variations fram
sample to sample and even within the sample. Some of the chert speci-
mens are black, opaque, and shiny; others are blue and waxy; whereas
others are translucent., These variations are duplicated in the chert
of the Merriam residues, with the more translucent grains being a
lighter color of blue; however, none of the Merriam blue chert is

mottled with smaller bits of white chert as is reported from the
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Winterset residues. Kerocher considers the blue~black chert of the
Winterset to be the most distinctive marker in the Missourian lime-
stones, however chert of the same color occurs in the Merriam. The
Merriam chert lacks the dotted, mottled, or banded features of the
Winterset chert.

Pyxite. Pyrite is exceedingly rare north of Anderson County
although in one residue pyrite formed ten percent of the residue; how-
ever in Anderson County and to the south pyrite is more cammon. A
great abundence is present in northeastern Anderson County where the
pyrite forms as much as 40 percent of the residue, however this large
percentage is restricted to the lower bed of the lower limestone unit,
The pyrite in the upper beds is less abundant and persistant. Pyrite
is present in the forms of octohedrons, pyritohedrons, striated cubes,
botryoidal aggregates up to four millimeters in length, laminar aggre-
gates, as fossil replacements, and as small fregments adhering to
arenaceous foraminifer tests and sand grains. The fossils replaced by
the pyrite are long, hollow, segmented tubes which are possibly crinoid
columnals and small, thin wire-like tubes which are about the same
dimensions as the sponge spicules. Schowe, Keroher, and Keroher (1937,
Pe R74) describe pyrite commonly replacing fubular organisms in the
residue of the Rock Bluff member (another '"middle" limestone of the
megacyclothem) of the Deer Creek limestone.

Limonite., Limonite is present in all residues and comprises from
six to 42 percent of the residue (Table 2); however the average percent
of limonite is about 18. Although the weight of limonite in the lower

limestone unit is somewhat greater, the limonite in the upper limestone
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unit forms a grester percentage of the residue, The limonite is mesent
in the form of replacements of fossils and of amorphous lumps. Because
the limonite is disseminated throughout the residues, it masks the re-
maining part of the residues and for this reason was removed from the

residue previous to final study.

The residues of the Merriam limestone are characterized by three
fractions; coarse, medium, and fine, which average, respectively, about
20, 30, and 50 percent of the residue., The difference in the percentage
of medium and fine fractions of the two units averages about two per—
cent, whereas a difference of only 0.1 percent exists between the coarse
fractions of the two units,

The most abundant elements in the insoluble residues are arenaceous
foraminifers, silt aggregates, and sand grains with other elements only
locally common. According to Keroher (1939, p. 349) the residues of
the Merriam are distinguished from those of the Spring Hill limestone
member by the presence of gray, waxy chert, some fragments of which are
translucent and others are opaque, The only chert found in the Merriam
residues which approaches this description is the blue to black chert.
Also described from the Merriam residues by Keroher are '"gray to white
porous chert, white rough chert, and organic remains" of common brachio—
pod spines, encrusting foraminifers, crinoid fragments, and rare ostra-—
codes, fusulinid fragments, and mollusk shells. These remains differ

greatly from those comprising the residues of the Plattsburg formation
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of southwestern Iowa as studied by Wenberg (1942). Wenberg found that
the residues of the Plattsburg formed about 11 percent of the sample,
however most of the residues from the Missourian and Virgilian lime-
stones studied formed about the same percent. In the two sections of
the Plattsburg which were studied, Wenberg found the fine fraction to
be about twice the percentage of the coarse fraction and to be composed
of red and green clay. The coarse fraction of the lower part of the
Plattsburg was characterized by pyrite and iron oxides, with sand and
811t in the upper part of the formation., From this study one would
conclude that arenaceous foraminifers are either absent in the Merriam
of Iowa or are campletely disaggregated, and that sand grains form a

somewhat smaller percentage of the overall composition of the residue.

Acid Etching
Introductién

The process of acid etching might bé considered an incqﬁplete
process of obtaining insoluble residues} however the sampleé which are
etched in acid show more than just thé nature and distribution of the
insoluble material. This process also illuminates the gross lithology
of the rock including the nature and distribution of thé fossils, The
insoluble material which is present on the etched block is the same as
the material forming the insoluble residues and needs no further de-

seription. The carbonate grain sizes used are after DeFord (1946).
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Lower limestone unit

In the northern part of the area the lower bed of the lower lime-~
stone unlt 1s characterized by abundant sand grains which in the lower
part of the bed are so abundant as to obliterate any calcareous cement
(figa 17). The textwre of the unit is aphanitie to very fine meso-
grained.h Brachiopod and pelecypod shells of dark crystalline calcite
and light gray dense calcite are common in the lower part of the unit.

The longer shell fragments at the base of the unit have very thin te
mo crusts of Osagia-type algae; however most of the smaller shell frag-
ments in the unit are bounded by a thin to thick coating of the algae
and limonite, The shell fragments near the base of the unit are vari-
ously orientated, with the concave side, convex side, or an end upward,
High- and low=spired gastropods are common with abundant low=-spired
gastropods near the middle of the unit, also at this horizon are rare
crinoid columnals, fusulinids, and small ramose bryczoans. Below this
horizon are common ostracodes, however these animals occur in rare
quantities throughout the unit., 0Osagia is more abundant in the upper
part of the unit. Some of the limonite which is present contains
local red to black, iron or carbonaceous hard parts. Throughout the
unit are rare nodules of buff to light gray silt with locally common
blue chert fragments,

In the thicker sections of the Merriam in the northern portion of
the area the lower part of the unit is oolitic with the oollths aver-
aging about 0,3 millimeter in diameter. The ooliths are commonly con-

centricly layered and spherical; however some are elliptical. Small
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FIG++27. Basal bed of Merriam limestone showing abundant sand grains
near base. Note thin to thick algal coatings (Osagia) of shell fragments.
6
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nodules of greenish-gray silt and clay with locally abundant blue chert
fragments are rare and are altered to limonite near the surface. The
rare sand grains are not concentrated, but with rare grains of blue
chert they are disseminated throughout the unit. Although Osagia is
common above the middle of the unit, the rest of the fauna in the lower
part is rare and is composed of small brachiopods, crinoid columnals,
and gastropods. Fusulinids are rare near the middle of the unit. The
upper part of the unit is very fine mesograined with extremely abundant
Osagia, The remaining fauna consists of rare ramose bryozoans, crinoid
columnals, and small gastropods.

The thinner sections of the unit in Miami County contain rocks of
llthology and sequence similar to those in the north. The lower bed 1s
characteristically composed of predominant shell fragments and send
grains. The larger shell fragments commonly are preserved with the
convex side up and contain very thin or no Osagias-type encrustatioms.
These encrustations are more common on the smaller fragments. The
remainder of the fauna is the same as that in the north, Above the
lower shell and sand grain part the unit is oolitic with ooliths of
about 0,3 millimeter in diameter. In this upper part of the unit shell
fragments are less common and some of the gastropod shells, brachiopod
shells, and ostracodes are filled or partly filled with silt grains.
The matrix filling the interstices of the ooliths is aphanitic,

In general, the same lithologic and paleontologic characteristics
are present in western Miami County. The lower part of the unit is
again composed primarily of shell fragments with laminge and nodules

of silt. Although the basal part of the unit is fine mesograined, the
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lower part in general is aphanitic and dolamitized with veinlets, rhombs,
and rhomboids of dark crystalline dolomite. In this part of the area
very rare fusulinids are present in the basal part of the unit., Al-
though the upper part of the unit is agaln oolitic, the ooliths are
locally rare i; a coarse paurograined matrix. Where the ooliths are
rare, the limestone 1s composed of very abundant crinoid columnals and
is actually a crinoidel limestone with abundant ramose bryozoans.

At those localities where the lower unit is expanded in thickness
by the development of the cross-bedded oolitic limestone, as at
Locality 27, acid etching shows the ooliths to be very abundant with the
aphanitic matrix present only as a filling of the interstices. The
ooliths are of the same average size as elsewhere. The rare fauna is a
continuation of the previously described forms, however the Osagia is
abundant in thin zones with associated very rare fusulinids. Also
present in rare quantities are algae-encrusted shell fragments and
rhombs of derk crystalline dolomite.

In sections near the thickened Merriam the matrix is only indis-
tinecly oolitic with an aphanitic, dolomitized matrix. The matrix, as
in all this type rock, appears to be composed of silt-sized particles
with abundant small fragments of fossils., Not only are rare fusulinids
present, but rare bands of calcareous algae are also present and resemble
the veinlets of dense dolamite,

As compared with the northern part of the area, the sections in
southeastern Franklin County show the shell fragments to be less camnon
at the base of the unit znd 03azia and fusulinids to be more common

i s

throughout the unit, Little change is noticeable in the fauna of
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of gastropods, ramose and fenestrate bryozoans, ostracodes, and brachio-
pods, The unit is oolitic throughout, however the ooliths in the lower
part are not jammed together so that the aphanitic crystalline matrix

is present as more than just fillings of interstices. In the upper part
the ooliths are very abundant.

In some localities, as in northeastern Anderson County, Locality
44y the base of the unit is composed not of shell fragments, but of
abundant crinoid columnals producing a crinoidal argillaceous limestone,
The interstices betuween the columnals are filled with a gray silty
matrix, Most of the columnals are encrusted with dolomoldic inter-
stitial silica and arenaceous foraminifers. Pyrite grains are abundant
in this rock.

To the south the unit continues as a somewhat silty-appearing lime-
stone with more camnon fusulinids and somewhat rarer shell fragments.
The fauna of crinoid columnals, bryozoans, and gasiropods continues;
however Osagia is absent. The matrix again is aphanitic and locally
composed primarily of fossil fragments.

‘3 ) / - '

Upper limestcne unit

The upper limestone unit in that part of the area north of the
Kansas River is aphanitic to medium mesograined, and locally contains
abundant Osagia. The fauna, as in the lower unit, is composed of
crinoid colummals, small high~ and low-spired gastropods, ostracodes,
shell fragments, and fusulinids, all of which are rare. The arenaceous

foraminifers, chert, and sand grains are locally common together.
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In Johnson County the unit is composed of an aphanitic dolomitized
matrix with common veinlets, rhombs, and rhomboids of dark crystalline
dolomite, The main amount of fossils forms a wvery fine hash in the
areas of less dense matrix. The predominant element of the fauna is
elongate and robust fusulinids, Rare small nodules of buff to grsy silt
and nodules of light-green glauconitic clay are present. The long axes
of the fossils, as fusulinids and crinoid columnals, are very commonly
parallel to the bedding. At some localitiss certain zones in the bed
are more fossiliferous with intervening zones almost unfossiliferous and
denser; some fossils are replaced by crystalline calcite. These features
characterize the unit as far south as northern Allen County, hovever
other features are locally present. These other features include small,
horizontally-elongate, irregular cavities filled with yellow oxidized
silt; small, thin, hollow tubes of iron oxide; and ooliths. Where the
unit is oolitic, the fossil material is concentrated in a thin zone con-
taining fewer ooliths. QOgagia is only locally common, and is associated
with algae~encrusted (Ogsagia-~type) gastropod and brachiopod shells and
fragments,

In Anderson County calcareous algae are increasingly more common
and fusulinids begin to show a decrease in abundance; however the algae
is rare in Allen County and absent to the south., Fusulinids are also
missing in this southern part of the area. With the exception of
Osagia and brachiopods the remainder of the biota is unchanged., 0Osagie
is present locally and brachiopod shells and fragments increase in num-
ber to the south. Some of the shells are fairly loug, however they are

not encrusted with algae. Also fenestrate bryozoans make up a greater
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percentage of the rock and in places sponges are predominant. The
matrix of the unit is more silty than in the north with the main com-
ponents of the rock being fossil fragments and quartz silt grains. In
the southermmost part of the area blue chert grains are very abundant.

Summary

The result of the acid etching study shows that the lower lime-
stone unit of the Merriam consists of a basal limestone with abundeant
8ilt nodules and brachiopod and, in the north, pelecypod shell frag-
ments. The remainder of the unit consists of oolitic limestone with
Osagia; commonly the upper part of the unit is more oolitic., The
blota changes only slightly throughout the area, the main changes
being the appearance of fusulinids in the central and southern parts
of the area and the lessening in the amounts of shell fragments and
Osagia. Also in the southern part of the area the unit is more silty
and not oolitic.

The upper limestone unit is very uniform in lithology and fauna
throughout most of the area, being characterized by an aphanitic some-
what dolamitized matrix with veinlets and rhombs of dark crystalline
dolamite, The blota is distinctive from that in the lower unit in that
Osagig is rarer, fusulinids are more common, and calcareous algae are
common in the central part of the area. Toward the south both the
algae and fusulinids are absent, and shell fragments and sponges com-
prise a higher percentage of the remains. Also in the south, the unit

is much more silty, completely lacking the dense, aphanitic texture
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present in the north,

Thin-sections

The study of oriented thin-sections from the beds in the limestone
units adds only little to the previous deseriptions of the units, The
advantage of the thin-section study is a better definition of the
texture of the rock and the structure of the microorganisms. As ex-
amples of the latter, Figures 9 and 18 are photamicrographs of QOsagia
fromd Locality 16 and calcareous algae from Locality:54, respectively.
The most significant result of the study is the relative unifarmity of
the different beds throughout the area and the sharp differences between
the beds. The lower bed of the lower limestone unit, above the con-
glomeratic zone, is characteristically very demse (Fig. 19), but with
common organic remains, A thin-section from this bed is very similar
to that from the upper limestone unit (Fig. 20), the main difference
being the lack of cammoﬁ organic remeins and the somewhat denser t
texture of the upper bed. The figures adequately show the extreme
denseness of the rock. The upper part of the lower limestone unit is
very commonly oolitic (Fig. 9) with more abundant organic remains than
the other beds., Thus each part of the member consists of a fairly
&istinctive micro-assemblage of lithologic and biotic characters which
remains somewhat constant and comprises a "micro-facies" (Fairbridge,
1954). Even with a small number of thin-sections this feature is more
or less apparent and by the use of several hundred thin-sections this

method of sedimentary petrology could probably be used very



FIG. 18.

Photomicrograph of calcareous algae in the upper limestone
unit,
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FIG. 19,

Photdnicrograph of lower part of lower limestone

FIG. 20, Photomicrograph of upper limestone unit,
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satisfactorly to correlate the Pennsylvanlan limestones into the clastic
area of southern Kansas and northern Oklahoma. However, a large number
of stratigraphic units would have to be studied inasmuch as the indi-
vidual units become less distinctive toward the south and because

stratigraphic repetition of similar micro-facies could occur.

Shale gtudy

The examination of the Merriam shele bed is a modification of the
method proposed by Krumbein (1947, p. 106). The result of the study
shows the bed to be very fossiliferous in general. In that part of the
area along the Kansas River the bed is characterized by abundant ramose
bryozoans forming the predominant element of the fauna, with very
abundant,brdkhiopod shell fragments and spines, and fenestrate bryo—-
zoans. Fragments of crinold stems are less common and conodonts,
ostracodes, calcareous foraminifers, and small gastropods are present
only rarely. Also present in common quantities are fish remains., In
this part of the area the shale is moderately calcareous, being less
calcareous toward the east, and is composed mainly of brownish-gray to
graylsh-yellow silt-sized quartz grains and clay with rare subsphericel,
subrounded, etched, medium-sized, clear quartz sand grains. Mica is
present in rare amounts, as are flakes of black shale. To the east the
black shale flskes equal the other shales in percentage; also, glauco-
nlte is present,

In that part of the area between the Kansas River and Anderson

County, fossils commonly form only a small percentage of the shale, Of
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these fossils, fragments of crinoid stems are abundant whereas
fenestrate bryozoans, brachiopod spines and shell fragments, and cal=~
careous foraminifers are rare. The shale is highly calcareous with
only a small percentage of black shale. Samples of the shale partings
of the lower limestone unit in this part of the area were also studied
and the results differ only slightly from that of the shale bed.

In northern Anderson County the shale is formed of from 50 to 75
percent fossils. These fossils include cammon crinoid stem fragments,
ramose bryozoans, brachiopod spines, ostracodes, and rare conodmnts,
fusulinids, and fish remains., The mineral composition is the same as
in the north with a small percentage of black shale and glauconite and
locally very common sand grains. The shale iz moderately to very
highly calcareous.

In Central Anderson County fossils again form a very small per-
centage of the shale, They include abundant fish remains, common
crinoid stem fragments, common calcareous foraminifers, rare bryozoans,
and rare conodonts., The mineral composition is the same as in the
northern part of the county, except that the black shale is absent.
The only difference in the composition of the shale in the southern
part of the county is that it is more calcareous,

Near the southern outcrop limit of the shale in Allen County
fossils comprise about 50 percent of the shale, and include common
bryozoans, common brachiopod spines and shell fragments, common crinoid
stem fragments, and rare ostracodes. The mineral constituents include
limonite-stained quartz silt grains, rare glauconite, and rare mica

flakes. The shale is very calcareous.
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;

Little change is noticed in the mineralogical composition of the
shale throughout the area, the main difference being the disappearance
of black shale fragments toward the south, also the shale is somewhat
more calcareous in the south., The other mineralogical characters vary
throughout the area, but are still present, Part of the fauna: ostra-
codes, conodonts, crinoid stem fragments, and echinoid spines, changes
only slightly in the area; the principal differences being in the ex-
treme abundance of brachiopods and ramose bryozoans near the Kansas
River, the abundance of fish remains in the narthern and central parts
of the area, the increased abundance of calcareous foraminifers to the
south, and the increase in percentage of brachiopod remains near the

southern 1limit of the shale,

STRATIGRAPHIC RELATIONSHIPS AND SEDIMENTARY ANALYSIS

This section of the report represents an integration of the data
obtained with field and laboratory methods. Only the genersal features
and relationships are considered and the reader is referred to the

previous descriptions for more detailed analysis.

Lower limestone unit

The lower part of the Merriem is not, in reelity, a single unit;
however the gradation which exists in the sequence mekes subdivisions

of the wnit too arbitrary. Although the unit varies in 1lithology,
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thickness, fauna, and insoluble material, the magnitude of the vari-
ation is small when the entire Femnsylvanian System is considered.

The basal part of the wnit is commonly granular and conglomeratic
with smsll rounded nodules of silt and cley which in places contain
abundant fragments of blue chert., This part of the unit also conteins
abundant fine quartz sand grains and brachiopod and pelecypod shells,
Most of the smaller shell fragments are encrusted with algae, thus
differing from the bare, large shell fragments, most of which are
preserved with the convex side upward. The percentage of sand grains,
shell remains, and algae increases to the north and south from the
central part of the area, In this central part some sections show the
basal portion of the unit to be a crinoidal argillaceous limestone with
common arenaceous foraminifers and nodules of silt. The pelecypods
disappear to the south.

The rémainder of the unit is divided very generally into an apha-
nitic lower part and an oolitic upper part. At some localities the
lover part shows veinlets and rhombs of dolamite, To the south the
unit is a marly limestone. Part of the fauna: bryozoans, crinoids,
and arenaceous foraminifers, is relatively unchanged throughout the
area; however certain elements of the fauna show a geographic change.
Osagia is abundant in the northern part of the area, as 1s Composita
and ﬁzgiigg;.however all these forms are less cammon or absent farther
south. The distribution of fusulinids is a complete reversal of thig
trend. Brachiopods decrease in number in the central part of the area.
The distribution of the ostracodes and gastropods is somewhat local

and the distribution of algae, worms, horn corals, sponges, and
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cephalopods 1s even more local. In the northern part of the area a
zone of Composita and a zone of Osagiamﬁié;igg are present, With the
exception of these zones which are confined to the lower part of the
unit and the cephalopods which are confined to the upper part, the
description of the fauna applies to the entire unit,

Although the upper part of the unit is dense and fine-grained in
parts of the area, it is very commoniy oolitic and in general contains
a smaller percentage of coarse insoluble material than the lower part,
The ooliths are almost constant in diameter, 0,3 millimeter, and are
commonly more ebundant near the top of the unit, For the unit as a
whole certsin percentage relations of the insoluble material exist. To
the east there is a decrease in the percentage of the coarse residue,
percentage of silt aggregates, and percentage of quartz sand grains,
with a corresponding increase in the percentage of arenaceous fora-

minifers,

Shale bed

For the purpose of description, the areal extent of the shale bed
is divided into four units (Fig. 11), the northern "basin" in Wyandotte
and Johnson Counties, the area east of the central "highland", in Miemi
County, the central "basin" in Anderson County, and the southern area
in southeastern Anderson County and western Allen County. ZEach division
is characterized by & certain relation of thickness, color, and miner-

alogical and paleontological constituents.
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In the northern basin the shale is yellow-orange, moderately cal-
careous, and composed predominantly of clay-sized particles. The
coarser fraction consists of silt and some sand grains. To the east
the shale is only slightly calcareous, but the percentage of clay,
glauconite, and black shale fragments increases. The predominant ele-
ments of the fauna are brachiopods and bryozoans, especially ramose
bryozoans. These two elements comprise a greater percentage of the
faune than all the other forms combined., The remainder of the fauna is
composed of remains of crinoids, fish, ostracodes, conodonts, gastropods,
and calcareous foraminifers,

In that part of the area east of the central highland the shale is
mainly yellow-green with only a minor amount of yellow~brown as in the
northern basin. Although the shale is more calcareous than in the
north, clay represents a somewhat smaller percentage of the shale.
Black shale fragments are also less common than in the north. The
brachiopod-bryozoan element of the fauna comprises a smaller percentage
of the fauna than does the remaining group, however the entire fauna is
poorly represented,

The central basin contains the most complex assemblage of the
shale. In the northern part of the basin the shale is olive-green, but
in the remainder of the basin, except the western "margin" where it is
yellow-brown, the shale is multicolored. In this basin the shale con-
tains numerous small open folds and limestone nodules. The shale is
moderately to very strongly celeareous with a high to low percentage of
clay material, respectively; however, as a whole, the clay forms a

smaller percentage of the shale than in the northern basin., The only
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differences in mineralogical constituents in the basin are that black
shale fragments are rare in the northern part of the basin and are
absent farther south, and that, even more so than in the northern

basin, quartz sand grains are locally common, Except for the presence
of fusulinids the fauna is the same as in the northern part of the area,
however the remains form a smaller percentage of the shale in the central
part of the basin than around the margin, The brachiopod-bryozcan ele-
ment of the fauna is not predominant,

In the southern area the shale changes from multicolored to
yellowish~brown toward the south with a great increase in the calcareous
content and a decrease in the clay content, Quartz silt grains form the
major part of the shale which contains only rare glauconite and mica
flakes, The ratio of the brachiopod-bryozoan element to the rest of the
fauna changes from equality at the southeastern margin of the central
basin to one of predominant brachiopod-bryozoans in the south. Also the
fossil composition of the shale increases greatly from that in the

central part of the central basin,

Upper limestone unit

The upper limestone unit is a very distinctive and uniform bed
with an aphanitic, and commonly dolomitized, matrix., Ooliths and dolo-
mite veinlets are rare. As in the lower unit the percentage of coarse
insoluble material and silt aggregates decreases to the east; however
the arenaceous foreminifers and sand grains show no such regional

distribution. The foraminifers are concentrated in sub-regional parts
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of the area. The distribution of the sand grains is shown in Fig. 16,
The somewhat sparsely fossiliferous unit has a uniform fauna of gastro-
pods, bryozoens, and ostracodes, but the remaining part varies. Brachi-
opods, Erinoids, and calcareous algae increase in predominance to the
south at the expense of the Osagia. Fusulinids are most abundant in
the central part of the area where the worm~borings are rare. The
minute fossil fragments commonly form a hash in the less dense parts of
the matrix. In southern Kansas the unit, which contains abundant
sponges, is argillaceous, ferruginous, and very irregular.

t

Summary

The analysis of the fieldvand laboratory data shows the Merriam
limestone member to be composed of three distinct units (Pl. 2), which
are similar to the units recognized in previous descriptions, excluding
Moore (1949, pp. 115=116), uith this one exception the previous descrip-
tions recognized the present lower and upper limestone units; however
the shale bed went unnoticed. An upper unit of algal and granular lime-—
stone described by Moore was not observed as the development of oolitic
limestone and the presence of cephalopods are in the lower limestons
unit,

" ARWAE VARTATION

The variation of the Merriam within the area studied has been
discussed, however the relation of this part of the area to the sedi-

mentary basin has not been mentioned.
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The Merriem in Nebraska, along the Platte River from Ashland to
Plattsmouth, has been described by Condrs and Scherer (1939). The
Merriam overlies a thin Bonner Springs shale, seven to ten feet thick,
which 1s consistently blue to bluish-gray, at least in the upper part,
with a thin limy and fossiliferous layer near the top. The Merriam is
three to five feet thick, with the apparent increase in thickness toward
the east. The limestone is bluish-gray, massive, and has a conchoidal
to shelly fracture, Concretionary forms occur in the upper part which
the writer considers to be possibly algae, hovever he has not seen
these outcrops., Blue chert is present locally and black shaly streeks
along the middle of the unit at some localities. The unit is described
as very fossiliferous. The Hickory Creek shale ranges in thickness
from one to three feet and in composition from a bluish, argillaceous
shale through a dark gray, massive shale to a black, carbonaceous shale.
Some fossils, as brachiopods and bryozoans, are present. Locally, a
thin daerk limestone bed occurs in the middle of the member. Overlying
the Hickory Creek is the massive Spring Hill limestone.

According to McQueen and Greene (1938, Pl. V) the Merriam is a
gray, even-bedded limestone with many algae and a thickness of 0,5 to
1,5 feet throughout northwestern Missouri, This description differs
fram that of Hinds and Greene (1915, pp. 155-156) who describe the
basal layer of the Plattsburg as a blue;ﬁargillaceous to arenaceous
limestone with abundant pelecypods and as rangingkin thickness from
four feet in the south to several inches in the north where tﬂe entire
formation is only about three feet thick. These different descripfions

of the Merriam are not irreconcilable if the description of Hinds and
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Greene is of the lower part of the Merriam and that of McQueen and
Greene is of the upper part of the Merriam., However, the difference in
thickness of the two sources is not so easily explained, The Bonner
Springs shale is 25 to 40 feet of locally red ;& sandy shale which in
many places has a thin coal bed and sandy conglomeratic limestone in
the upper three or four feet., The Hickory Creek shale is 0.5 to 1.5
feet of gray, calcareous, fossiliferous shale overlain by the gray
Spring Hill limestone containing chert beds and dark shale partings.
The variation of the Merriam in Kansas, as far south as Wilson
County, has been described. Moore (1937, p. 13) recommends that the
Oklahoma classification of the Missourian beds be used south of a line
near the Wilson-Montgomery county line because of the lack of clear
differentiation of the groups within the Missourian which are defined
farther north, Near the Oklahoma state line the entire Plattsburg
formation is zbsent and it is recognized only locally in Oklahoma, as
west of Ramona in Washington County (Moore, Newell, Dott, and Borden,
1937, pe 43). The Wann formation of Oklahoma includes beds correlated
with those between the Iola formation and the uppermost limestone mem-
ber of the Stanton formation in Kansas (Oakes, 1940, pp. 72-80). Thus
the correlative of the Merriam is placed somewhere near the middle of
the sequence, The Wann formation is predominantly shale with some
limestone and sandstone beds. The formation consists of four main
lithologic units, which are, from bottom to top: 1) dark clay shale,
2) dark shale and thin platy limestone, 3) calcareous and fossiliferous
shale and limestone, and 4) sandstme and shale which probably do not

follow stratigraphic levels,
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BEven within a single facies, as eastern Kansas, the member is not
uniform. At a locality in central Anderson County (F&g?W21) the lower
limestone unit thins from a thickness of 1.5 feet to one of 0,2 foot in
a lateral distance of nine yérds. The unit changes from massive lime-~
stone to a rubbly shaly limestone and grades into the 1limy shale of the
uppermost Bonner Springs shale., Thus the lower unit at this locality
1s represented in places by a limy shale and rubbly limestone sequence
and with greater thinning of the lower unit, the upper units of the
member would rest on the Bonner Springs shale. The insoluble residues
from the thin and thick sections are almost the same, However, the
lower unit contains abundant sand grains in the large insoluble residue
(Appendix B).

In southern Kansas the Plattsburg formation locally thins or
thickens, Because of the relation between the Plattsburg, Vilas, and
Stanton formetions, Chelikowsky and Burgat (1947) refer this variation
to chanrel deposition of the Plattsburg in the Lane-Bonner Springs
shale and a continuation of limestone deposition during deposition of
the Vilas shale,

The Mgrriam limestone member has now been described in detail in
part of thé sedimentary basin and described in general on a regional
scale,r:fhus the fdﬁndation has been laid for the discussion of the

environment of deposition,



-FFGTPF, Section of Merriam (Locality 48) showing thinning of lower

limestone unit in lateral distance of nine yards, A, from thick section

on right, C, to thin section on left, B, Hammer is at upper contact of
the member.,
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ENVIRONMENT OF DEPOSITION

Int}gguction

Any study of the enviromment of deposition requires the considera-~
tion of certain factors: lithology, sedimentation, paleontology, paleo~
ecology, paleogeography, paleoclimatology, and stratigraphy, to name a
few. Therefore, in this sectlon of the report the data presented previ-
ously will be interpreted in the light of these various factors., Inas-
much as environment of deposition is intimately related to the cyclical
repetition of beds in the Upper Pennsylvanian of this region, the re-
lation of the Merriam limestone and the cyclothems will be described

following the discussion of environments,

Bonner Springs shale

The Bonner Springs shale is represented in Oklahoma by part of the
thick sequence of coarse clastics which were derived from the uplifted
Arbuckle Mountains 1f, as Dott (1928, P. 63) states, this uplift occured
somewhat after mid-Kansas City time. The coarser material was deposited
in the region of northern Oklahoma and the finer material was carried
to the north, into Kansas. The stratigraphic seQuence of the Bonner
Springs shows it to be composed of gray and blue shale in the south,
with thin irregular limestone beds and limestone nodules at the top.

In the central area olive-green arenaceous shale predaminates with minor
beds of sandstone and little blue shale., This sequence with limestone

beds locally at the top continues to the north into the blue shale of
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Nebraska with its limy upper part. Ir Missouri the blue shale is absent,
but coal, as well as limestone, occurs near the top of the formation.
The red shale of Missouri may be represented by the maroon clay in the
central part of the area., Along the Kansas River the cross-bedded con-
glomeratic limestone is present. Although fossils are not common in
the shale, some plants have been reported from the lower part of the
formation and Lingula is locally present near the top. The local lime-
stone beds at the top contain brachiopods, bryozoans, and Ogagia.

The predominant color of the shale is green, except in the blue and
gray sequences, Although a green color is commonly considered as indica-
tive of a reducing enviromment, according to Grim (1951, p. 231) the
relation need not necessarily hold inasmuch as the chlorite clay mineral
is green and a reducing enviromment is not considered necessary for its
formation. Also, as Thompson (1955, p. 75) points out, the clay of the
submarine delta of the Atchafalaya River in Louisiana changes from non-
chloritic to chloritic as the average depositional environment grows
more marine from the river source to sea. The green shale area of the
Bonner Springs occurs from the central part of the area to northern
Kansas and in the middle of this region is the cross-~bedded marine lime=-
stone, indicating that the sea, or an isolated remnant of it, was not
too far to the west, Therefore the green shales represent the more
seaward asnect of the area with the blue shales having formed locally
f%@%her*ﬁi;&&nd".

Blue muds are commonly the result of a reducing environment
(Twenhofel, 1932, p. 255) in which a covering of the surface layer by

subsequent deposits results in the reduction of iron oxide ar hydroxide
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to ferrous sulphide and ultimately to pyrite or marcasite, However, the
dark gray to blue shale of the Bonner Springs contai;s‘no plant or
animal remains which would be expected in a reducing environment, Also,
according to Elias (1936, p. 694) the land plants in this part of the
Missourian series are indicative of a somewhat arid environment, a
Cordaites forest, thus reducing the possibility of the development of
extensive growths of plants to so reduce the aeriation as to form an
enviromment with a fairly negative Eh.

According to Grim (1951, p. 231) the color of red argillaceous
sediments, as occur in Missouri and form the maroon shale in the central
area, is usually due to the presence of pigmentary iron oxide or
hydroxide rather than the clay mineral component. Regardless of whether
thé ferric oxide or hydroxide is transported from a source area or forms
from nonferric iron or iron-bearing silicates deposited, the environ-
ment is still one of oxidation. The formation of the marlite is
possibly related to this environment inasmuch as it always overlies the
maroon shale. During the time of the deposition of the marlite, the
amount of clastic material in the area may have been lessened with the
result that the clastic material did not completely mask the calcium
carbonate deposited in this oxidizing enviromment. The northern limit
of the yellow marlite is near the area of development of the cross—
bedded limestone,

The cross-bedded limestone in the Bonner Springs is a limestone and
shell conglomerate. The shells are mainly pelecypods. In this part of
the area clastic material was absent and currents either eroded older

limestones and deposited the material here or limestone was formed in
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the water with not too gentle currents.

The enviromment of such units as the Bonner Springs is considered
to be deltaic by many geologists, such as Twenhofel (1932, p. 848).
Moore (1929, p. 476) states that non-marine shales possibly built out
into the sea in a deltaic manner and he points out that if the sea were
so shallow that no foreset beds could develop, the sedimentary structure
would be preserved as only topset beds, However, certain factars
present in the submarine delta of the Atchafalasya Rlver, which is
developed in the Gulf of Mexico off the Louisiana coast, should be
considered, Thompson (1955) discusses the sedimentation of this coastal
area and points out (p. 61) that "in terms of the classical concept of
a delta the Atchafalaya delta appears to consist almost entirely of
foreset deposition," IEven thmough the top of the delts is developed in
water of less than three fathoms in depth, wave action planes off the
topset beds and this wave action, even in times of hurricanes, effects
only the upper few inches of the delta. Therefore the question arises
as to how shallow the water would have to be for only topset beds to
form and how these beds could be preserved when the destruction of only
the upper few inches of the deposit could obliterate them. The result
would be water too shallow to add appreciable marine factors to the
environment, thus contradicting the interpretation of the origin of the
different shales. However, inasmuch as the green and blue shales could
not have been formed in a subaerial environment, a governing factor
other than the depth of water must be present.

The water over the "delta'" need not be less than three fathoms

deep and it could have been somewhat deeper as the wave action would
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have been reduced by refraction and frictional dissipation over the
bottom in traveling évér the extremely broad shoal sea floor. The
cause of the development of only topset beds might not have been
extremely shallow water but the small vertical distance separating the
plane of the sea floar from the plane of the equilibrium surface of the
transporting currenis., The subsidence of this low gradient region was
not rapid enough to permit the formation of a substantial differential
between the depositional interface and the surface of equilibrium that
would be necessary for the formation of foreset bedding. Thus it is
possible to consider the Bonner Springs as composed of topset delta beds,
however such an interpretation would imply that all material deposited
in water bodies by currents are deltas of a sort. An increase in the
capacity and competency of the streams would produce a new surface of
equilibrium and the sandstone which is present in the Bonner Springs
might be deposited as a result.

In Missouri, swamps were formed which are preserved in the coals
near the toﬁwof the Bonner Springs; however, these swamps were not
extensive, unless possibly to the east. Many geologists consider the
coal swamps of Missourl to have been so close to sea level that sub-
mergence immediately covered the plants, thus accounting for the thin
coals,

The limy composition of the upper part of the formation throughout
almost all the regioﬁ and the local development of limestone beds and
nodules indicate the beginning of the transgression of the sea.

In sumary, the history of the deposition of the Bonnmer Springs

shale might be as follows. As the sea became shallower at the beginning
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of Bonner Springs time, the strand line receded far to the north with
the encroachment of arenaceous deposits to the north. The rivers drain-
ing the source area to the south and east carried the material into the
sea, forming thin strata because of the high density of the silty
sluggish currents which’ formed an equilibrium surface near the hottom

of the shallow depositional area, Subaerial planes developed in the
east with local coal swamps near the shore, As the sea gradually
spread back over the region, limestones formed locally until the clastic
inflow almost stopped in the northern part of the area where the Merriam

limestone was deposited.

Merriam limestone member

As the sea re-covered the area, the water became deeper in the
north with the result that marine factors developed dominance. With the
deepening of the water, the previous shales of the Bonner Springs were
subjected to wave action, in many places causing the development of
shale nodules which were incorporasted in the base of the Merriam. Not
only were nodules eroded, but the silt and shale portions of the sub-
stratum were separated in places, producing a lag of silt grains with
the shale nodules.

As Garrels (1951, p. 95) states, there is almost no loss of energy
wntil the wave bresks and, therefore, inasmuch as little work is done
on the bottom between the depth of one-half the wave length and the

+

plunge point, the conglomeratic part of the limestone must represent

this portion of the sea floor. Although the region of the plunge point
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varies somewhat on any shore, a small rise in the level of the Merriam
sea would produce a significant change in the position of the wave
energy zone on the low gradient slope. A crude approximatlion of the
depth of part of the Merriam sea at this time may be made from
Shepard's (1948, p. 47) statement that "important movement of sand
during storms appear to be largely confined to depths of about 30 or 40
feet, which is barely outside the bresker zone." Some of the fine
clastic material may have been transported into the area and this
might be the origin of the chert grains,

The principal faunal remains present in the basal part of the
limestone are brachiopods. The most abundant brachiopod present is

~

Composita and commonly the specimens are so abundant as to form an

appreciable part of the rock. Menard and Boucot {1951, p. 144) state
that the more spherical brachiopods are best adapted to live where the
currents are faster because of the greater competent velocity. There
may be a relation between faster currents and increased oxygen or food
supply. The cause of the local concentration of the whole brachiopod
shells might be overcompetition, however this factor does not explain
the extreme local nature of the concentration, inasmuch as the main
variable factor effecting localization would be the nature of the sub-
stratum and the substratum appears to be essentially the same through-
out the area., Therefore, the concentration is considered to be the
result of local transportation and deposition of the shells. The work
of Menard and Boucot has shown that Terebratulira shells are moved by
currents incapable of moving the underlying sand grains because of the

smaller effective density of the water—-filled shells than of the quartz
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grains. These currents were no faster than those present at a depth of
more than 1,000 fathoms in the Pacific Ocean. Possibly the Composita
shells were moved by the eddy currents in the slow current of the
shallow sea until an area was reached in which the silt grains moved
more readily than the shells with the result that the shells were
gradually buried. After several specimens had been restricted, the
shells might act as braps to S%op other shells. The local abundance

of only Coamposite might be due to the abundance of this form over other
forms or the sorting might be of species, due to the fact that, as
Menard and Boucot (p. 134) state, sorting of species rather than of
shapes or sizes will occur "if there is a great difference in the
effective densities of species but little difference in shape and size."
The orientation of most of the single shells with the convex side up-
ward is also indicative of current action.

Locally, the base of the Merriam is composed of a bluish argil-
lacecus crinoidal limestone with abundant pyrite. Therefore, it is
assumed that locally the sea floor was free from strong currents and
wave action so that crinoids developed; however, currents of low
competency and capacity were present to deposit the argillacecus materi-
al and fregmentize the crinoids intec columnals and plates. Such bobttam
conditions evidently formed an environmental niche for the crinoids.
Undoubtedly the crinoids were well adapted to the environment, local as
it may have been, as is shown by the abundance of specimens. The
erinoid remains are probably not a thanatocoenosls as the effective
density and size of the fragments is considerably greater than that of

the surrounding argillaceous-limy mud and no intermediate size grains



are present,

This abundant growth, producing a large emount of organic remsdins,
probably resulted in a large bacteria population, because as ZoBell
(1942, p. 128) states, the amount of bacteria seems tc be influenced
primarily by the amount of organic material present, Also, he points
out that bacteria seem to be more abundant in fine and colloidal
material than in coarse material., Thus the main conditions are present
for the development of a large, probably hederotropic, bacteria popu-
lation which would produce a reducing envircnment in the substratum,
thereby accounting for the abundant pyrite and the bluish color of the
rock., Because the bacteria population decreases greatly with depth,
the underlying shale of the Bonner Springs was not so greatly effected.
As ZoBell (p. 128) states, some of the enzymes may continue to react
with the chemical components of the sediment after the death of tﬁ;
bacteria. As noted previously, pyrite oceurs abundantly in the Merriam
only in the lower part and only in this part of the area. Inasmuch as
calcium and carbonate ions are independent of oxidation~reduction
potentials (Krumbein and Garrels, 1952, p. 8), the nature of this
enviroment is not in opposition to the limy composition of the rock.

Pelecypods occur stratigraphically somewhat above the Composits
zone and are restricted to the northern part of the area studied and
to Missouri. The presence of the pelecypod Myadime (Orthomyalina)
ampla Meek and Hayden in only these areas seems to indicate that at
this time these portions of the area were no longer subjected to the
shallow, turbid waters of the share zone. According to Newell (1942,

p. 18) the myalinas probably indicate relatively quiet water as the
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animals are found most commonly with the valves in apposition. Although
separated valves are found, "these seldom show evidences of markedly
turbulent water." It is considered doubtful that the mature animals
were powerful enough to drag around the thick, large shells,

The lower part of the lower limestone unit, above the basal layer,
indicates a somewhat different enviromnment. The pelecypods are present
and crinoids are more common than the local occurence in the basal part,
indicating that practically the entire area studie§ were now below wave
action. Arenaceous foraminifers are common throughout the area, how-
ever the agglutinated walls are interpreted by several authors as indi-
cating the primitive develomment of the class rather than cool water.
The abundance and degree of preservation of these foraminifers indicate,
according to Moore (1929, p. 467), a "relatively quiet environment un-
aggitated by strong currents." However, in the southern part of the
area the tests are present mainly as fragments. The conslstant but
local occurance of gastropods and ostracodes is of little specific
environﬁental indication, as is the somewhat more common occurance of
bryozoans.

Although brachiopods are common in the northern and extreme southern
parts of the area, they are rare in the central part., The alga 0Osagia
with its nucleus of shell fragments is abundant in the north but rare
in the south. According to Lane (1954; the formation of an Osagis-
limestone, or osagite, is due either to vé;tical sorting which retains
the smaller shell fragments that are later encrusted with algae or the
shells are broken near the plunge point and the fragments carried out

into slightly deeper water. On the basis of other works, Lane con-
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cludes that algae are abundant at depths of about 60 feet and with
gentle wave action the algae would campletely encrust the fragments,

The possibility of mechanical breskage and vertical sorting can
be ruled out, as the accompanying faunal remains are not fragmented.
If mechanical breakage near the plunge point and lateral sorting into
deeper walter is the cause, then the abundance of QOsagia in the north
and the rarity in the south could indicate the area of breakage to be
either to the north or south., If the breskage area were to the north,
it could be stated that the supply of fragments was greater in the
north, thus producing more abundant QOsagig. If the breskage area were
to the south, it could be stated that although the supply of fragments
was greater in the south, the stronger currents and shallower depth
prohibited the abundant development of algae in the south.

Mechanical breakage, however, is not the only possible cause of
the fragments, inasmuch as, according to Twenhofel (1932, p. 149), on
the sea bottom beneath the Gulf Stream off the coast of New England is
an abundance of entire and broken shells that are due to fish which
crush the shell and excrete the fragments, crustaceans which break
shells, and boring sponges and annelids. He also states (p. 151) that
unless it can be shown that the camminuted organic matter is due to
current or wave action, it should be interpreted as representing the
action of abundant scavengers.

The answer to the question seems to be in the lithology of the
wnit, Throughout most of the area the rock is a fine-grained to
aphanitic limestone, however to the south the rock is more argillacecus

and farther south the horizon is represented by limy shale. Therefore,
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the shoreline was probably to the south and the mechanically broken
fragments were carried to the north where the habitat with the gentle
currents turning over the fragments was more suitable to the algae and,
" as shown by the presence of Mz;lina and other forms, strong currents
were absent. The action of scavengers might have been responsible for
some of the fragments.

The fine-~grained texture of the rock also indicates that only
gentle currents were present. The fine texture of the rock might also
be the result of the large community of benthonic organisms which eat
and re—eat the deposited materizl many times and produce excreta con-
taining material of reduced grain size (Dapples, 1942, p. 124). The
finest material might be dissolved or carried away.

Another interesting element of the fauna is the fusulinids. These
animals are asbsent or extremely rare in the north but are common near
the south, only to disappesr farther south in the limestone. Elias
(1937, p. 428) considers the fusulinids of the Lower Permian in Kansas
to indicate depths of 160 to 180 feet on the basis of the study of
modern large benthonic foraminifers, If the shore of the Merriam sea
were to the south, however, it would be impossible to explain the
conditions forming the deep water fusulinid cammunity between the shore
and the shallow water enviromment to seaward, Elias points out the
greater irregularity of the Pennsylvanian cycles as compared to the
Permian and states (p. 427) that certain factars may have shifted the
benthos organisms somewhat from the depths which they "normally"
occupied, The question arises, however, as to what factors could

transport material or environment from a depth of 170 feet to one of



60 feet,

An explanation is offered by Moore (1929, p. 467) who states that
the sea floor under very shallow water would be subjected to 1llittle
wave action and "consequently, depths ranging from 5 to 50 feet may,
under certain conditions, afford surroundings quite as favorable to
foraminiferal populations as depths of 400 to 500 feet and they may
even be more favorable.," The beginning of the fusulinid commonness
toward the south coincides roughly with the beginning of the Osagia
rarity. Therefore, one could conclude that the fusulinids were adapted
to an environment which was either too shallow for Osagia development
or was one of rapid deposition inasmuch as the only organic remains in
the latter enviromment would be, according to Twenhofel (1942, p. 106),
those of forms sble to dig themselves out ifxburied. This envirorment
could not be so shallow as to be near the baselevel of deposition, as
Twenhofel (p. 105) states that such an area is one of slow deposition.

Both the shallow and deep water hypotheses consider the depth of
water as the principal factor governing distribution, bub according to
Twenhofel (1932, p. 153) several modern investigations, as in the Irish
Sea and Bay of Naplas, show that the nature of the substratum is the
most important factar determining the distribution of benthonic animals.
He concludes that "it is certainly more important than mere depth (of
water)." It is possible, then, that the fusulinids could better adapt
to this particuler environment because of the nature of the substratim.

Because the localities of common fusulinids rarely contain signifi-
cant amounts of any other animal remains, except the ubiquitous crinoid,

it seems probable that the sea in general was shallow and that locally
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the nature of the substratum was such as to permit the estsblishment and
possible dominance of a fusulinid population. It can be concluded,
therefore, that although the actual cause of the distribution is not
known, the presence of fusulinids near the southern part of the srea
does not of necessity indicate deeper water,

The main faunal difference of the upper part of the lower limestone
unit is in the more common occurence and somewhat more narthward
extension of the fusulinids, the local presence of calcareous algas and
sponges in the north, and of sponges in the south. Also cephalopods
are locally present in the north and worm~borings are present in the top
of the unit at some localities. Lithologically the upper part of the
wnit is distinguished by oolitic limestone and local thick sequences
composed of cross-beds,

The greater development of the fusulinids merely indicates an
extension of the tolerable habitat, The conclusions that can be drawn
from the sponges are that they grew in warm, clear, and shallow water,
The worm-borings are not indicative of depth. Although the areal and
stratigraphic restrictions of the cephalopod shells suggest benthonic
forms (Moore, 1929, p. 471), their presence éhly in the cross-bedded
oolitic limestone, which undoubtedly represents the work of local
currents, could possibly indicate that the shells were transported from
the original habitat; however, inasmuch as the ooliths and small fossils
present in the cross-bedded sequence are about the same size, 0.3 milli-
meter in dlaneter, it seems unlikely that the large cephalopod shells
would be transported by the same current., Perhaps the localization of

the animals in the currents was related to the increased nutrient
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supply. As algae were found in every cyclic limestone studied by
Johnson (1946, p. 1108), these plants were adapted to various environ-
ments., The only inferences which can be drawn from the presence of the
calcareous algae are that the water was clear and a euphotic zone was
present.

The origin of ooliths is contraversisl. According to Twenhofel
(1932, p. 764-769), it is postulated that ooliths are farmed by algae,
in an ooze or gel, about a colloid, or subaerially. Thiel (1942, p.96)
states that the origin of ooliths is in part diagenetic. Transported
ooliths are commonly cross-bedded with associated small fossils of
about the same size, Therefore, the upper part of the unit contains
indigenous and transported ooliths with the source of the latter
probably being the areas of indigenous ooliths.

Shale bed. The shale comprising the shale bed is only locally
weakly calcareous and therefore the shale is considered to be a masking
of the calcium carbonate, Where the influx of fine clastic material
was not great enough to completely mask the limestone, the shale bed
did not form. The influx of clastic material was not rapid enough to
kill the organisms present inasmuch as the shale is composed of thin
layers, indicating a slow rate of deposition. Nor was the sea turbid
to the extent of preventing life as fossil remains are cammon to
sbundant,

The presence of such animals as brachiopods, bryozoans, and rare
calcareous foraminifers indicates shallow water. This shallow water
probably contained scavengers as is shown by the fragmental nature of

the fish and other remains., The action of scavengers also points to
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a slow rate of deposition, because under such conditions’qrganisms are
in contact longer with the water and the scavengers (TSéﬂhofel, 1942,
pe 105), Other indications of the slow deposition of the shale bed are
the abundance of sedentary benthonic organisms and the presence of
ramose bryozoans. According to Stach (1936, p. 62), the zoarium of
these bryozoans indicates a habitat of deep or sheltered waters with no
wave actlon and only gentle currents, which would be the habitat of a
shallow area of slow deposition. These forms are not distributed
throughout the area because of the nature of the bottam. They are more
common in more calcareous areas,

The influx of the clay is possibly related to the increased campe-
tency and capacity of the subaerial streams to the south and possibly
to a slight recession of sealevel. As Moore (1929, p. 483) states, a
climatic change producing an increase in precipitation would result in
a clastic sequence succeeding limestone, Such a temporary change in
climate would not be in opposition with the plant evidence described by
Elias (1936). The change from limestone to clay deposition could also
~be dwue to an increase in the temperature of the source area, lessening
the plant cover, and increasing runoff (Twenhofel, 1932, p. 13). If
the sea shallowed somewhat, the clay could have been carried farther
north by bypassing the baselevel area of the bottom, Regardless of the
cause of the influx, the deposition was slow, The actual flocculation
of the clay is related to the electrolytes present in the sea water.

The small folds in the shale in some areas are probably the result

of compaction,
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Upper limestone unit. The upper limestone unit is the most wide-
spread rock unit in the Merriam and thus indicates that the sea trans-
gressed farther at this time than at any previous time., The result of
such an extension of the sea would be a deepening of the water in the
north and a cessation of the clastic influx., Although the percent of
insoluble material, primarily clay, does not differ appreciably from
that of the lower unit, the amount by weight is greatly less; that is,
although the sams relative percentaze of fine clastic material was
flocculated in the seas of both limestone units, a smaller amount was
flocculated in the sea of the upper limestone unit. The lessening of
the clay material suggests deeper water for the upper limestone sea.
In southern Kansas the sea was shallow enough to permit the formation
of argillaceous and ferruginous limestone,

f‘The predominant elements of the biota are fusulinids and worm
borings and the abundance of these two organisms is an inverse pro-
portion, The fusulinids are abundant in the central part of the area
where forms, other than crinoids, are only locally common. The
fusulinids are most common in the aphanitic lithofacies of the unit and
are therefore considered to represent areas which were little disturbed
by currents, Aphanitic limestone represents the accunulation of limy
mud in a quiet environment and is characterized by a predominance of
clay and fine silt as impurities which accumulate in the quiet
conditions (Williams, Turner, and Gilbert, 1954, p. 348). The formation
of this limestone could be the result of chemical precipitation or of
comminution by benthonic organisms. Some of the limestone might be the

result of bacterial precipitation of calecium carbonate and these
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bacteria might have produced the bluish tinge of the rock. The aphanitic
texture may also be the result of diagenetic processes.

In the area near the Kansas River the predominance of fusulinids
is replaced by a predominance of Osagia, indicating an area of stronger
currents than in the fusulinid area; however the currents were only
strong enough to periodically overturn the shell fragments on which the
algae grew and to transport the sand grains which seem to represent the
paths of currents, (Fig, 16). The Ogagig biofacies is also associated
with a less aphanitic and more fine-grained lithofacies.

The worm=borings to the north and south of the fusulinid area seem
to indicate a difference in the nature of the substratum rather than a
difference in depth. According to Dapples (1942, p. 119), worms prefer
mud bottoms with much admixed sand, Although sand is rare in this lime-
stone, it seems that coagulated flocks of clay or silt grains would
fulfill the requirement,

The commonness of calcareous algae and brachiopods farther south
probably indicates an environment somewhat similar %o that of the
fusulinid area, but certain envirommetal factors may have prevented the
adaptation of the fusulinids €o this environment. The increase in the
diversity and abundance toward the south might be associated with the
higher percentage of sand in the caleareous mud of the substratum. The
intermixing of brachiopod-fenestrate bryozoan argillaceous limestone
and brachiopod-sponge~crinoid ferruginous limestone in southern Kansas
indicates two separate types of habitate. The sea was shallow in this
part of the region and local clastic influx was abundant but slow,

According to Stach (1936, De 62), the zoarium of fenestrate bryozoans
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indicates a habitat of strong currents and wave action, which is in
accord with the argillaceous nature of the rock, The sponge-~crinoid
biofacies indicates quieter conditions of clear water. Although the
water was clear, it contained ions of ferric oxide in colloidal
suspension which were flocculated by electrolytes in this relatively
nearshore environment. The silicon dioxide in suspension would be
carried farther to sea (Twenhofel, 1942, p. 108) and thus might be
represented by the blue chert in Nebraska,

t the top of the upper limestone unit in the northern part of the
area is a rubbly limestone with brachiopod and crinoid remains and rare
fusulinids. This part of the unit is indicative of a shallowing of the
sea and a beginning of the regressive hemicycle of deposition,

The limits of glauconite formation as described by Clowd (1955)
indicates that some of the glauconite in the Merriam could have formed
in placed, bult more likely the mineral was transported into the area.

In summery, the environment of deposition of the Merriam limestone
member indicates ah ##stable shelf assoclation as defined by Krumbein,
Sloss, and Dapples (1949, p. 1868). As the sea advanced, erosion of
the substratum occured and silt and clay were transported into the area.
Brachiopods adapted to the strong currents thrived and in local
restricted areas crinoids flourished. Az the sea extended itsell
farther, the shells near the shore were broken and the fragments slowly
transported to the north where algae and pelecypuds had migrated into
the quieter water. During this time a fine mud of caleiunm carbonate
was forming on the sea floor, the fineness possibly due to the actions

of henthonic organisms. Perhaps with a slight increase in the depth of
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water the fusulinids expanded thelr habitet., In locally more clear
water the sponges grew, During this time gentle currente flowed through
the area; however near the end of lower limestone unit time fairly strong
currents crossed the sea floor, depositing ooliths and small fossils in
the channels cut in the bottom of indigenous ooliths. The sea floor was
by no means flat since the unit varies locally in thiclmess.

A slight recession of sealevel or change in climatic factors pro-—
duced an influx of clastic materisal over much of the area. As in the
lower unit, the materisl comprising the shale bed was deposited slowly
in & region of quiet and shallow water, Local differences in Lhe nature
of the substratum effected the disiribution of the organisms.

The sea continued transgressing and obtaired its greatest extent
in upper limestone unit time. Local areas of strong currents and quiet
waters were produced in southern Kansas. Although in most parts the
area was an environment of deposition of fine mud in quiet water, local
areas of somewhat stronger currents were present, The presence of the
quiet area in the central part of the region end of less quiet
conditions to the south and northeast may indicate the direction end
relative nearness of the shorelines. The change in the blofacles and
lithofacies from north to south seems to be almost equally the result
of location of currents and rnature of the substratum as well as the
depth of water,

Any inferences of tke depth of water during this time are purely
conjectural and the use of certain fossils as indicators of depth seems
to emphasize depth as the primary ecologic factor effecting the

community, Therefore the writer considers it too arbitrary to assign
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depths of enviromment in terms of feet; instead a satisfactory determi-~
nation is possible in terms of zones,

The basal part of the member is considered to be indicative of the
eulittoral zone merely shifted farther inlsnd, undoubtedly overiding
part of the previous intertidal zone., By comparison with modern seas
one is able to roughly estimate the range in depth of water to be
betveen o few feet and 165 feet, At the close of limestone deposition
the sea had shallowed to give an environment more representative of the
middle part of the eulittoral zone.

Algerne‘raliZed dlagram of the envirenment of deposition during

Merrien time.is..shown in riate 3,

Hickory Creek shale member

The lower part of the member represents a continuation of the
shallowing of the sea but now with an influx of clastic material.
Because of the almost level contact between this shale and the under-
lying limestone, it is assumed that the shallowing of the sea was rapid
enough over this low gradient area to prevent the reworking of the
underlying material by the incoming clastic flocculants. The locally
developed black fissile shale is considered by Moore (1929, p. 465) to
possibly represent an environment of "extremely shallow water, with
sunlight pramoting abundant plant grosth (sea weed) and aiding in
pertial decay, with too little depth for clrculation and effective

wave or tidal agitation."
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Conditions at the time of the Hickory Creel deposition were
probably not restricted to the extent of the development of great
areas of black mud, After this deposition, the punk bed and its
correlative ferruginous limy shales were deposited., These deposits
indicate thet the supply of clastics was less and that the environ-
ment wes now one of oxidation and probably somewhat less shallow with-
out much plant growth. The precipitation of the limestone could be the
result of an increase in temperature, salinity, or a change in other
physico~chemical factors.

The lower units of the Hickory Creek shale member are therefore

indicative of a very shallow walter environment.

THE MERRIAM CYCLOTHEM

The members of an ideal cvclothem as distinguished by Moore (1936,
TR Sy 4 - .

[

pp. 24-25) are shown in Fig.“éé. The Merriam cyclothem extends from the
sandstone or red clay in the Bonner Springs to the top of the upper
limestone unit. This cyclothem comprises a cyclothem B of the mega-
cyclothem as it is characterized by a "middle" limestone, the Merriam,
The relation of the Merriam sequence to the cyclothemic units is shown
in Figume~£3. A study of this figure shows that the sequence south of
the Kansas River represents a fairly camplete cyclothem. The only
cyclothem units absent are the upper molluscoid shale and the upper
molluscan shale and nonmarine shale. North of the Kansas River the
fusulinid and upper molluscan limestones are inseparable and to the

south the fusulinid limestone disappears. In southern Kansas the only
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units present are probably the lower and upper molluscan limestones,
i.e,, the shallow water phases,

From the study of the cyclothemic units one could canclude that
the shore of the Merriam sea was in Oklahome on one side and somewhere
in Iowa on the other side inasmuch as the fusulinid, deep water, phase

is absent to the south and becomes indistinguishable to the northeast.

.9 Shale (and coal)
.8 Shale, typically with molluscan fauna

o7 Limestone, algay, molluscan, or with mixed molluscan and
molluscoid fauna

.6 Shale, molluscoids predominant

.5 Limestone, contains fusulinids, associated commonly with
molluscoids

«4 OShale, molluscoids predominant
.3 Limestone, molluscan, or with mixed molluscan and molluscoid

fauna
2 Shale, typically with molluscan fauna
.lc Coal

«1b Underclay

.la Shale, may contain land plant fossils
.0 Sandstone

Figy22, Members of an ideal cyclothem (Modified froam Moore 1936) .



KTé b
S ot
FF0.-93. Relation of rock units, cyclothem units, and:time-units: of the

Merriam limestone.
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CONCLUSIONS

1. The Merriam limestone member of the Plattsburg formation is
divisable into three rock units =---- the lower limestone unit, the
shale bed, and the upper limestone unit. Bach of these units is
distinet in lithologic and biologic charscter and is identifiable
throughout eastern Kansas.

2. Although insoluble residues do not delineate the units of the
nember to a great extent, acid etched blocks and thin sections show
the distinctive features of the units,

3. The lower limestone unit varies greatly in thickness and is
absent in some localities. In southern Kansas this harizon is repre~
sented by shales,

Lo The shale bed is very persigtent and may be present in southern
Kansas; but if it is, it is indistinguishable from the underlying Lane-
Bonner Springs shale,

5. The upper limestone unit is the most persistent unit in the
member. In southern Kansas this unit seems to represent the entire
member,

6. The Merriam limestone contains several lithofacies and bio-
facies both vertically and laterally. The greatest lateral change in
nrharacteristics occurs in southern Kansas.

7. The various lithofacies and biofacles are results of the
different enviromments of deposition.

8. The Merriam limestone was deposited in shallow water of the

eulittoral zone which represents a water depth of a few feet to about
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165 feet.

9. The distribution of the biota was primarily the result of the
nature of the substratum, location of currents, depth of water, and
amount of influx of clastics,

10. Shorelines of the Merriam sea were in Oklahoma and probably
in Iowa.

1l. The member is indicative of a transgressing sea, and the
regressive hemicycle of deposition is poorly represented.

12, The Merriam represents a fairly complete cyclothem in east
central Kansas, but farther southward and northeastward fewer cyclo-
themic units are identifiable,

13, In east central Kansas the cyclothemic units end rock units
are closely related, but to the south and northeast the relation is

transgressive.
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APFENDIX A

MEASURED SECTIONS OF THE MERRIAM LIMESTONE IN EASTERN KANSAS

The colors and color symbols used in these sections are from the Rock-

color Chart distributed by the Geological Society of America.

Locality 1. SWg, SEf, See. 25, T, 10 S., R. 23 E., Wyandotte County;

measured in cut behind screen of Lakeside Drive-In Theater.
Thickness
Feet
Flattsburg formation

Spring Hill limestone member

Limestone, thin bedded, slabby weathering, mostly eroded 3 #

Hickory Creek shale member

Shale, dusky yellow, limy, with large limestone nodules . 1.0

Merriam limestone member
Upper limestone unit

5. Limestone, medium gray (N5), weathers dusky yellow
(5Y6/4); fine- to mediumegrained, saccarhoidal
texture; massive; osagite; upper contact irregular;
Osagig abundant; crinoid columnals common . + « o « 1.7

Lower limestone unit

Lo Limestone, light olive gray (5Y6/1), weathers dusky
yellow (5Y6§2) ; very fine-grained, sub=-aphanitic;
massive; with small veinlets of dark crystalline
dolomite; separated from unit 5 by a 0.1 foot
parting of coquinoid limestone similar to that in
unit 3; common crinoid columnals, common gastropods
near middle of unit, common fenestrate bryozoans
and abundant Compositg at top of wnit » « « « + & 0.9



3.

2e

1.

Shale, dusky yellow (5Y6/4), westhers same; limy;
with nodules of coquinoid lirestone; fossils in
limestone are mainly crinoid columnals . « « « « «

Limestone, light olive gray (5Y6/1), weathers dusky
yellow (5Y6/4); very fine~grained, dense, sub-
aphanitic; massive; more crystalline then unit 1;
separated from unit 1 by a very thin irregular
varting of rubbly shaly limestone, dusky yellow
(5Y6/4), with abundant fossil fragments; unit con-
tains common worm horings filled with yellow
ferruginous clay; spots and veinlets of deark
crystalline dolomite are present in lower three-
fourths of urit; abundant brachiopods « « ¢ ¢ « &«

Limestone, light olive gray (5Y6/1), weathers dusky
yellow (5Y6/4); fine-grained, dense; massive;
lower contact fairly even; larce crinoid columnals
commor. in lower one-=hslf of unit, brachlopods
abundant at top . . . .

. ¥ & & 6 & + s e - « o ®

Total Merriam limestone member , + &

Bonner Springs shale

Shale, moderate

orange (10YR7/4); sandy; laminated « o o o « o o « «

Locality 2.

ellowish brown (10YR5/4), weathers grayish

112

0.2

0.9

43

25.0¢

Center north side of SWg, NE4, Sec. 27, T. 11 S., R. 23 E,,

Wyandotte County; measured in road cut on Camp Naish Road on north side

of bend of lower switchback in Boy Scout of America cemp one mile east

of Borner Springs.

Thickness

Plattsburg formation

Hickory Creek shale member

Feet
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Shale, clayey, very poorly €XpPOS€Q o o o o o o « o o o l.Of
Merriem limestone member
Upper limestone unit

3. Limestone, light gray (N7), weathers dusky yellow
(5Y6/4); osagite; fine-grained; massive; upper
contact fairly even; upper 0,1 foot weathers to
rubbly fragments; small brachiopods and crinoid
columals common at top, Osagia abundent at base . 1.0

Shale bed

2. Shale, pale olive (10Y6/2), covered; limy, papery,
leminated; somewhat irregular « « ¢ v « ¢ o ¢ o o 0.2

Lower limestone unit

1. Limestone, olive gray (5Y4/1), weathers dusky yellow
(5Y6/4); fine- to medium—grained; massive; contains
abundant small angular silt pebbles st base; lower
contact irregular; Osagia abundant throughout unit,
Composits common throughout unit, Myaline rare near
the base, brachiopods and crinoid columnals common
near the base; some of the small brachiopods largely
replaced by ferruginous clay « + o o « o o o« « « » 0.7

Total Merriam limestone member ., . » 1.9

Bonner Springs shale
Shale, dusky yellow (5GY5/2), moderate olive brown (5Y4/4)

in upper 0.4 foot; clayey; upper 10 feet covered; massive
two-foot gray limestone bed exposed below covered inter- Of
20,

Va]- ¢ @ 9 « ®» e & o e + w o & .« o o & ¢ & . ¢ e e

Locality 3. °W corner, Sec. 30, T. 11 S., R. 23 E., UWyandotte County;
measured in road cut l.5 miles west of Bonner Springs on Kansas High-

way 32,
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Thickness
Feet

Plattsburg formation
Spring Hill limestone member
Limestone, thin wavy bedded « o v ¢ 4 ¢ ¢ ¢ ¢ ¢ o o « & 10.0£

Hickory Creek shale member

Shale, dark yellowish orange (10YR6/6) in lower 0.5
foot, light gray in upper part + « ¢ ¢« ¢« v ¢« ¢ o « & 2.0

Merriam limestone member
Upper limestone unit

Lo Limestone, light gray (N7), weathers yellowish
gray (5Y7/2); fine-grained, dense; massive;
abundant small spots of dark crystalline dolomite;
upper contact fairly flat; common worm borings
filled with ferruginous clay, abundant crinoid
columnels, rare brachlopods, rare sponges at base . 0.9

Shale bed
3. Shale, dark yellow—orange (10YR6/6), weathers same;
limy, papery, fissile; apparent gradetion into
the underlying limestone; contains earthy lime-
stone at base; extremely abundant brachiopod -~ = |
TEMEING o ¢ ¢ o o o o o o o o o o o+ o v o s o oo 03

Lower limestone unit

2. Limestone, light gray (N7), weathers dusky yellow
(5Y6/4); very fine-grained to fine~grained;
maseive; falrly even upper swrface; Osggla abundant,
common brachiopods and crinoid columnals o . . . . 0.9

1. Limestone, vellowish gray (5Y7/2), weathers seme;
very fine-grained to fine-grained, dense; massive;
upper 0,1 foot rubbly and yellow; crinoid columnals
common throughout unit, rare Osagis and common
spiriferoid brachiopods at top, Composita common
BE DASE o o o o o o o o o« o s o o s o o o o oo 0.6

Total Merriam limestone member . . . . 2.7
Bonner Springs shale

Shale, moderate yellow brown (10YR5/4), limy ., . . . . « . 0.3
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Limestone, cross~bedded . . . . . ¢« ¢« ¢« ¢ ¢ ¢ o ¢ ¢« « v unm.,

Locality 4. Center west side SWgz, NWg, NEj, Sec. 17, T. 12 S., R, 23 E.,
Johnson County; measured in road cut on west side of Frisbie Road

Thickness
Feet

Plattsburg formation
Spring Hill limestone and Hickory Creek shale members

Limestone, mostly covered; and shale, pale olive (10Y6/2),
Weathers Same £ 1im * & . . . L4 . . - [ ] L] . - . . L] - ™ 8 ® d

Merriam limestone member
Upper limestone unit

4o Limestone, light gray (N7), weathers olive gray (5Y4/1);
fine-grained, dense; massive; upper contact even;
abundant spots of dark crystalline dolomite; rare worm
borings filled with ferruginous clay; common crinoid
columnals, rare Composita, and rare echinoid spines
throughout unit, abundant Osagia in lower one-third
S S v P 0 |

Shale bed

3. Shale, light olive gray (5Y6/1); covered; silty;
laminated; subfissile o 4 « v o o « ¢ o o s o « o . Ok

Lower limestone unit

2. Limestone, light gray (N7), weathers light olive gray
(5Y6/1); fine-grained; massive; osagite; rare small
1ight green shaly limestone nodules; similar to
unit 1; Osagia abundant with small Osagia resem-
bling ooliths, rare sponges in middle of unit . . . 1.4

1. Limestone, light olive gray (5Y6/1); weathers olive
gray (5Y4/1); fine-grained, dense; massive; osagite;
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in places unit weathers with lavered relief;

Osagia
aburdant, Myalina common,

crineid columnals common . 1.2

Total Merriam limestene member o Lol

.« *

Borner Springs shale

Shale, covered ., . . .

- . e o e & o . e

e 1 ~ ~ p.
Locality 5., ST, NEi, NWg, Sec. 13, T. 12 Sey R. 24 B., Johnszon County;
measured in road cul on west side of U. S. Highways 50 and 169, just

south of highway interchange.

Thickness
Feet
Flattshurg formstion
Spring Hill limestone member
Limestone, massive bto thin bedded, with shale partings . 12;.0’5
Hickory Creek shale member
2. Shale, mainly pale olive (10Y6/2), laminsted, limy . 0.5

1, Limestone, grayish orange (10YR7/i), weathers
yellowish gray (5Y7/2); punky, earthy, very
weathered appearance; massive; serarated from
mnderlying unit b very thin shale parting; common
crincid columnals, rare Lrachiopods inecluliing
Composita o o « « o o 4 o o o o G

e et 2 o+ e e o

Merriem limestone msmber

Upper limestone unit

3. Limestone, melium 1' t gray {(W6), wezthers yellow-
ish aray (5Y7/2); r:, fire=grainel, arhsnitic;
massive; m'ominen‘c vertical jolnting; common spots



and veinlets of dark crystalline dolomite; rare worm
borlngs filled with yellow ferruginous clay; common

crinoid colummals, rare QOsagia, rare smell
fusulinids o . 4 4 0t b 0 e e e e e e e e e e 0.6

g‘)
w
ot
&P
fo)

2. OShale, mainly pale olive (10Y6/2), weathers same; thinly
laminated, papery, fissile, contains rare fossil
fragments . . . . . . « . .

L] - - - - - . - » - » -» . Qew

Lower limestone unit

1. Limestore, wedium light zray (N6) in lower two-thirds,
light gray (N7) in upper one-third, weavnﬂro vellow-
ish ﬂraj {5Y7/2); fine-gr ”1&3, oolitxc with small
coliths; massive; one bed; fairly prominent wertlicsl
JO;hbl””, osagite; lower 0.2-0.3 foobt is greatly
weathered, dark yellowish orange {10VRA/6) on fracture,
this lower part contains common fossil fragments; 0.5
foot zone of abundant Composita just above weathered
part, brachiopods and Myaling</common throughout rest
of unit with rare fenastrate bryozoans alt top,

Ogzgzia more abundant in upper one=third . . . . . . 1.5

‘-..J

-~

Total Merriam linmestone member o« « o « LY

-

Shale, wostly co
upper 0,5 foot
bluish gra (a1

X —~ R
Ve¢dd, weathers vellowish gray (5Y7/2) in
ard, 1i laminar blocks; weathers light
hard, limy, 1 1 ; wezthers light
in Lower ri.) L JLADY & o & o L e
37/1 o part, silty, plaby urm

1%

Locality 6. Center north side NEz, Sec. 9, T. 12 8., R. 24 E.,

.,

Jolmson Counby; mezsursd in road cub on south side of road, 1.7 miles

Nieman Road on 55th Street, Shawnes,



jed
-
851

Spring Hill limestone menber
Linestone, covered o 4 & 4 4 v 4 4 4 4 4 0 o 4 « < a o 2,04

Hickory Creek shale meuwber

Shale, black, covered « . 4 o 4 o 4 2 2 o « 2 s & « s o 0.2
Merrian limestone memher

sner limeshone unit

% gray (N8), weathered surface

3. Limestoneg, wvery ligh
fine~zrained; messive; upper surflace
rr

1ich9nmﬂof~v<f;
only slightly iy

eg.lar’ abundant ?SJJla COTImMON
br&‘llauod; au too; poOorly @XD0380 4 4 4 4 s s s e Ooﬁf
Lower limestone wunit
2. Limestone, medium gray (N5) with faint reddish tinge,
weathered surface lichen-covered; fine-grained; p
rassive; abundant Oszagia . .+« « . 4 4 4 4 4 . 0.5
1. Limestone, very light gray (I€), weathers grayish
orangs \*JYH7/1); fine-grained; massive, abundant
Osuizia, common crinoid polunnal 2, and common fenestrate
bryozoansg throughout unit; a»mdant Composita, common
vroductids, and rare ﬁg@ligg, espscially in lowsr 0,2 y
fooh; pooTly €XpOSed o v ¢ o o o s o 2 o 4 4 o s . 1.0C
Total Merriam limesbtone member . . . LN
Bouner Springs shale
Shule, erenaceous, light tan, covered . . . - « « - + . . UnMa

Locality 7. Center east side SEg, Sec. 18, T. 12 S., R, 24 E., Johnson
County; measured in road cut on Renner Road 0,3 mile north of Kansas

Highway 10.

g



Thickness
Fest

Plattsburg formation

Spring Hill limestone member

Limestone, weathers yellowish gray (5Y8/1); thin wavy
beds; very fossiliferous . . . ¢ ¢ ¢ ¢« ¢ ¢ v ¢ ¢ o &

w2

Hickory Creek shale member
2o Shale, gray, Covered « o o « « « v « o o o s o « » 0.3
1. Limestons, dark yellowish orange (10YRA/6)}, weathers

slightly lighter; punky; massive; weathers to thin
irregular beds; upper contact fairly even . . . 1.9

1

Merriam limestone member

e

Upper limestone unit

2. Limestone, medium light gray (N6), weathers yellowish
gray (5Y7/2); medium-grained; massive; prominent
vertical jointing continuing into overlying bed;
comnon veinlets of dark crystalline and dense
dolomite; rare worm borings filled with ferruginous
¢lay; common fusulinidsg, common crinoid columnals,
rare brachlopods . . o ¢ ¢ o o ¢ ¢ ¢ ¢« o ¢ 6 o o 0.5

Lower limestone unit

1, Limestone, medium dark gray (N4) in lower 0.3 foot and
very light gray (N8) in upper 0.5 foot, weathers
yellowish gray (5Y7/2); fine-zraired, dense; massive;
oolitic with most prominance in middle of bed; abundant
limonite alteration at base of bed: bottom surface
somewhat irregular, upper surface fairly flat and
smooth; unit very fosgiliferous, especially in lowver
and upper one-third; common Osagie, very common in
middle one~third of unit; common fenestrale bryozoans
in lower one=third; Myaliwe common, especlally in ..
uppar 0,3 foot; lower 0,2 foot has brachiopods in
weathered relief, especially Composita, Composita
2150 common in upper part of wnit + + . . . . . . o o 0.8 = 1.3

Total Merriam limestone member . o« . o 2ok = 2.9

Bonner Springs shale



Shale, grayish olive (10Y4/2), weathers pale olive (10Y6/2);

laminated; subfissile . & & & & & v v 4 v s 4 4 e . a unm,

Locality 8., Center north side Sec. 36, T. 12 3., R. 23 E,, Johnson

County; measured in road cut.

Thickness
Feet
Flatisburg formation
Spring Hill limestone member
Limestone, covered o o o o o o o o o o o o o o o o o o 8,04
Hickory Cresk shale member
Shale, cOvered o o v o o o & o v o & « o o o » o & o 0.5

Merriam limestone member
Upper limestones wnit

2, Limestone, light olive gray (5Y6/1), weathers dusky
yellow (5Y6/4); fine-gruined, dense; massive; oolitic;
abundant Osag%g, rare Myalina, rare brachlopods,
POOTIY €XL0S8d o o o o o o o s » o 2 a o o & & @ 0.5

Lower limestone unlt

1, Limestone, light olive gray (5Y6/1), veathers dusky
yellow (5Y6/4); fine-grained; sub~oolitic; massive;
contacts uneven; common Jsagis, rare lyaling, rare
fenestrate bryozoans throughout unit; common small
elongate algal masses in middle of unit . . . . . 1.5

Total Merriam limestone member + o 2.0
Bonner Springs shale

Shale, sandy, dusky yellow (5Y6/4); very avundant quartz
grains; covered o o o o ¢ o 0 o s 4 2 e 2 0 e 6 2 s 0 e by
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Locality 9. SWi, NWi, NWwd, Sec. 13, T. 13 S., R. 23 E., Johnson County;

measured in road cut in valley side south of bridge.

Thickness
Feet
Plattsburg formation
Spring Hill limestone member
Limestone, thin wavy beds, mostly eroded « v o o o o o AR
Hickory Creek shale member
Shale, covered « v v v o 4 4 o ¢ ¢« ¢ o o o o v o o v o s 3.0

Merriam limestone member
Upper limestons unit

Lo Limestone, medium light gray (N6), weathers light gray
(N7); very fine-grained; contains rare worm borings
filled with yellow ferruginous clay; poorly exposed . 1,9

Shale bed
3’ Shale’ COVG'I‘ed [ ® ® . L) - . . . . L3 » . . . . * - . - 0!2
Lower limestone unit

2, Limestone, yellowish gray (5Y7/2), weathers light olive
gray (5Y5/2); medium-grained; oolitic; massive; common
Osagia, common brachiopods « + o o« v ¢ ¢« « « « & « o 140

1. Limestone, medium light gray (N6), weathers lighi gray
(N7); fine-grained, dense; sub-oolitic; massive;
common velnlets of dark crystalline dolomite; rare
Pairly large cavities filled with yellow ferruginons
clay; abundant Ogagia, abundant Myalina, common
crinold columnals o o 4 o ¢ ¢ 6 o 6 s e o e s e« 1O

Total Merriam limestone member « « « « 3.2
Bonner Springs shale
Shale, in upper three feet sandy, dusky yellow (5Y6/4),

abundant quartz greins; in lower two feet exposed clayey,
leminated, dark greenish gray (5GY4/1) « ¢ o o v ¢ o o @ 5.0
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Locality 10. 'NEZ, SW}, NEf, Sec. 28, T. 12 S., R. 22 E,, Johnson
County; measured in old quarry at northwest corner of De Soto, just

north of railroad tracks,

Thickness
Feet
Plattsburg formation
Spring Hill limestone member
Limestone, thin wavy bedded « « « &« ¢ ¢« o ¢ o o ¢ & o « unm,
Hickory Creek shale member :
Shale, pale olive (10Y6/2), weathers same; limy . . o . unm, \

Merriam limestone member
Upper limestone unit

5, Limestone, pale olive (10Y6/2), weathers yellowish
gray (5Y7/2); fine-grained; very rubbly but hard;
resembles a punky limestone; contains irregular thin
shale lenses; weathers to frothy appearance; uneven
contacts; common brachiopods, common echinoid spines,
common crinoid columnals, rare elongate fusulinids . 0.3

4o Limestone, light gray (N7), weathers same; fine-
grained, crystalline; common veinlets of dark
cerystalline dolomite; fairly even contacts; common
worm borings filled with yellow ferruginous clay;
rare echinoid spines . « o o o« o o o o s s o o o » 0.8

Shale bed

3, Shale, dark yellowish orsnge (10YR6/6), weathers same;
limy; thinly laminated; fissile; abundant brachiopods 0.2

.

-5

Lowér limestone unit 7

2. Limestone, yellowish gray (5Y8/1), weathers same; fine-
grained, dense, more crystalline than underlying unit;
massive; osagite; top of unit is cogquinoid with
abundant brachiopods and crinoid columnals, crinoid
columnals up to 0.5 inch in diameter, also fenestrate
bryozoans; separated from underlying unit by thin shale
parting; abundant Ogagia and common crinoid columnals
throughout wnit, rare Mysiifia in middle of wnit . . 1.1

AN
p I . /wapu,r

HE A



1. Limestone, light olive gray (5Y6/2), wsathers light bluish
gray (587/1); fine-grained, samewhat sandy; massive;
lower C.4 foot weathers yellowish gray (5Y7/2); fairly
even lover contact; Myalina and brachiopods abundant
throughout unit, Composita abundant in middle one-
third, sponges abimdant in upper C,4 foot . » . . ., 1.6

Total Merriam limestone member . . . . 4o0

Bormmer Springs shale
Shale, moderate yellowish brown (10YR5/4), we

zathers yellowish
gray (5Y7/2); sandy, laminated, fissile; upper -

I ontact
only slightly irrezular . . + & ¢ v & 4 4w 4 4 o o o & o «  unm.

Locality 11. NWg, Sec, 21, T, 12 S., R, 22 E., Johnson County; measured

in road cut on east side of Sunflower Road.

Thiclkmess
Feat
Plattsburg formation
Spring Hill limegstone member
Limestone, massive to thin bedded + . ¢« & & 4 v « & + & 8.0 £

Hickory Creek shale member

2. Shale, dusky yellow-green (SGYE/E), weathers grayish
yellow-green (5GY7/2); laminated . . . o o « . . 0.4

1. Limestone, moderate yellowish browm (10YR5/4), weathers
dark yellowish orange (1OYR6/6); punky, fine-grained;
weathers to crumbly fragments; separated from under-
lying bed by weathered parting; abundani crinoid
columnals & 4 & 4 4 4 4 e ks e s e s e e s s e s 0.2

Merriam limestone member

Upper limestone unit

5., Limestone, medium light gray (Né), weathers light olive

AN

et
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gray (5Y6/1); aphanitic, dense; massive; abundant
dolomite spots and veinlets *throughout unit; common
Osgziz in lower one=third of unit and in places
surrownded by limonite; common small brachiopods in

lower one-third, also surrounded by limonite;

limonite gives mottled arppearance to rock . . . . . 1.0

4, Limestone, medium light gray (N6), weathers light
olive gray (5Y6/1); fine-grained; massive; separated
from overlying unit by a thin parting of brown shale;
comon Osagia and common brachiopods .« . ¢« ¢« ¢« « o « 0.3

Shale bed
2. Shale, dark yellow-orange (10YR6/6), weathers light
olive gray (5Y5/2); sandy; thickness irregular;
grades into underlying unit . . . v « v v < v ¢ o« 0.2
Lower limestone unit
2. Limestone, greenish gray (5GY6/1), weathers same;
coquinoid and crystalline with common crinoid
columnals and rare brachiopods « ¢ ¢ ¢ v o o o o« o 0.3
1. Limestone, light olive gray (5Y6/1), weathers same;
fine~grained, abundant limonite; apparently massive;
crumbly in hand specimen; base not exposed . . . . Dbt

Total Merriam limestone member . . . 2.47

Locality 12. 0.4 mile west of NE corner Sec, 4, T, 13 S., R. 22 E.,
Johnson County; measured on road at east bluff of Kill Cresk.

Thickness
Feet

Plattsburg formation
Spring Hill limestone member and Hickory Creek shale member

Limestone, erosion remnants, and shale . o ¢ o ¢ o« « « o UM,



Merriam limestone member
Tpper limestone unit

4. Limestone, medium light gray (N6), weathers bluish
white (589/1); very flne-oralned dense; massive;
brittle; w ,eathero into angular blocky fragments;
common worm borings fllled with yellow ferruginous
c¢lay; common crinoid columnals and common brachi-
ODOAS 4 4 o 4 ¢ 4 « & o = ¢ o o o o o s & o o o «

Lower limestone unit

3. Limestone, greenish gray (5GY6/1), weathers yellowish
gray (5Y7/2) fine-grained, dense, somewhat sandy
and orange toward haze; hln even beds; common

Osagia, common Myslina, common crinoid columnals,
rare sponges, rare brachiopods at top « « « « « ¢ .

I4®]

. Limestone, pale 011v¢ (1.(6/2), westhers grayish
orange (lOYR /4Y; serdy; common crinoid columneals,
rare Comwositg v e e e e e e e e e h e e e e e e

, rale olive {10Y6/2), weathers dusky yellow
; sandy; common crinoid colirmnals, rare

. end 2 more closely resemble the underlying
Ronner Springs shale in weathering coloer and tyre of
material than the dense overlying beds of the
MEYTLIam o v v o v o o o v o o o o o o « s o o o o o
Total Merriar limsstone member . . o

Bonner Springs shale

Shale, pale olive (10Y4/2); sandy; with limonite siains;
pOOI‘ly e:’:l:’ou'ﬂ(l ® ® ¢ & % ® e @ B 6 ® e e v e & & e = e »

Limestone, conglomeratic, cross=bedded . o ¢« ¢ v o ¢ v o o

Locelity 13. 0.1 mile south of VE corner, Sec. 21, T. 12 5., R.

Johnson County; measured on road,

2
\
i’
rate hryozoans, common Myalina; poor]y exposed ;
7

s
N
AVA

1.6
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1.0
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menber
limestone, granula 5.5
FEER U LSt ) s B GIVULOALT o o o o o & & & o & o & 5 o & » a » = Tal
Hickory Oreek shale member

Shale, ferruginous, yellov . . . + & & . .

>
-l

Urper limesfone unit

2. Iin’ﬂﬁm@,Jiuu,bx‘*(“T},xmaﬁmrgﬁigl olive grey
(5Y¢/1); Tine~graired, dense; massive; mare orystallipe
than lover units; common worm bb?;ﬂg“ filled wit
ferruginous olay; abundant limonite at Lopl rure
erinold columnale, abundant fugulipids at top . . 1.0

Lower limestone unit

s sh browr (10VR7/2), westhers
yelﬁawlsh 5r&y (5Y7/2); fine-grained; mzegive;
inoid colimmals « « + . 4 4 4 e . s 2 . s s DlE

1. Limestone, pale yellowish hrown (lGYR”’ﬁ}, weathers
vellowish gray (5¢v7/2); arbanitic, dense; mussive
SL:OOﬂﬂf@lﬁﬂl fracture; camnmon worm borings filled

e

with ferrugirous clay; poorly fossil ifereus B ¢

Totsl) Merriar limestone wember . . . 2.0
Bonner Springs shale

Shale, COVETER 4 o o 2 0 o a 2 » 2 s 0 o o » 0 & & & = » = urm.,
?

Locality 1i. SEf, SWg, SWg, Sec. 21, T. 13 3., R. 22 E,, Johnson County;

a

measured on road,.




Flattsburg formation

R he

Spring Hill limestone mermber
Limestone, covered . .+ o o« ¢ v 4 v 4 v 4 w4 a .. .

Hickory Creck shale member

o

Shele, 1imy, poorly exposed . o & ¢ & 4 4 4 6 4 4 ks 4

3,
™

Merriam limestone member
Upper limestone unit

Limestone, melium Mght gray (¥é), weathers pale vellowe
orange (1CYR®/6); medium-grzined, brittle; massive;
commen worte borings filled with ferruginous clay;
poorly fossiliferous .+ . & ¢ o o 4 o o 4 4 o 4 e s o W

m

Totel Merriam linmestons member o, . .

Loczlity 15. 0.1 mile west of NE corner Sec. 30, T. 13 5., R. 2

Jolmson County; measured on road,

Plattsburg formetion
Spring Hill limestone member
Limestone, brown and gray o « » « o « « ¢ o« o o + o & o
Hickory Creek chale member
Shale, brown to gray, ferruginous . . . + ¢+ « 4+« .

Merriam linmestone member

(2]

¢
[

»
~
{

6

£

1

0

P

.0



Upper limestone unit
Lo Limestone, light gray (N7), westhers yellowish gray
(5Y7/2); fine-grained, dense; massive; common
veinlets of dark crystalline dolomite; common worm
borings filled with ferruginous c2lay; ccmmon crinoid
columnals; rare fusudinids o o« « o o o o o o 2 & o & 1a3
Shale bed
3., Shale, covered . o« o o 2 2 a = 2 o o o o s o o & o o 0.5
Lover limestone wunit
2. Limestone, light gray (N7), weathers yellowish gray
(5Y7/2); fine- to medium~graired, dense; massive;
blocky; oolitie; abundant Osagis, common crinoid
columnals, common Myalina . . . « . . « « « . & o » 0.3
1., Limestone, light gray (N7}, weathers yellowish gray

(v

(o
(577/2); fine-grained; abundant Jgegia; poorly
EFDOSEA o o = o o o 2 2 2 8 o & 2 a « s a4 a4 4 e s s

Totzl Merriam limectone member -~ . o 3.17
Bonrer Springs shale

Shale, covered o » + o« « + s o o a o o o 0 & » o a « o » o & Unm,

Locality 16. OSWi, SEg, Sec. 30, T. 13 S., R. 23 X., Johnson County;
measured in road cut on hill, west side of bridge over west branch of
Cedar Creek,

Thickness
Feetl

Plattsburg formation
Spring Hill limestone member

Liﬂlf.‘stcne, t}ﬁi:‘ Wl:‘.vy be(is e & @& & & & 8 & & & & & » 2 8 AR §1110N



ST

Eickory Creek shale member

Limestone, orange, punky, abundant fusulirids . . o . . . un

EHEPS

Merriam limestone member

Upper limestone unit

5

Limestone, medium light gray (¥é6), weathers dusky

yellow (5Y6/L); very fine-grained; mzssive; rare

Osagia; upper part of unit very light ;ray (N8) with
common worm borings filled with ferruginous clay,

common spots and veinlets of dark crystglline dolo-

mite, and common robtust fusulinids , o « o « o o » 0.8

Lover limestone unit

1
Lo

1.

Limestone, light gray (N7) in upper and lower bed, very

light zray (N8) in middle bed; weatlers dusky yellow
(5Y6/i); fine-grzined; each bed massive with slabby
wegthering along irregular wesvy plenes; oolitic,

ooliths smaller at top of mit; abundant fossil frag-
ments, Osggie aburdant, but common near the top of

unit; Myalina rare; abundant crineid columnals;

common brzchiopeds; abundant fenestrate hryozozns . 3.2

Limestone, light gray (N7), weathers dusky yellow

(5Y6/4); derk brown tinge just beneath weathered
surface; fine-grained; oolitic; massive; rare
fusulinids and QOssgia, comnon crinoid ceclumels . . 0,3

Limestone, light olive gray (5Y6/1), weathers dusky

yellow (5Y6/4); dark brown tinge just beneath

wegthered swface; very fine-grained, dense; massive;
vrominent vertical jointing; abundant fossil frag-

ments; abundant QOgagia, abundant brachiopods with

common Composita, abundant crinoid columnals, common
fernestrate DIYOZOBNS v o o o o o 2 = o o o = o o o 00

Limestone, moderste yellowish brown (10YR5/4), weathers

dark yellowish orenge (1O0YRE/G); very fine-grained,
earthy throuzhout but mare earthy toward base; o
abundant fossil fragwents; sbundant Myelina, abundant
brachiopods with abwndant Composits, common fenestrate
bryozoans, abundant crinoid colurmals o « o » « & « G.5

Total Merriam limecstone nenber , . . 54

Bormer Springs shale

Shale, grayish olive (10Y4/2), westhers pale olive (10v6/2);
hard; SI1EY o o » o = o o o o & o = = o o o & o o o+ o o Ul
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Locality 17. NW corner Sec. 16, T. 15 S., R. 23 F., Johnson County;
measured in ditch at 55 corner of road junction.

Thickness
Feet

Plattsburg formation
Spring Hill limestone member
Limestone, massive, weathers to thinbeds . . . . . . . . 10,0/
Merriam limestone member
Upper limestone unit

3. Limestone, yellowisk gray (5Y7/2), weathers yellowish
gray (5Y8/1); very fine-grained, dense; blocky
splitting; massive; common worm borings filled with
ferruginous clay at top of unit; common crinoid
columnals . . . . .

- o L ¢« @ ® w & €6 e o e e 100

Lower limestone unit

2. Limestone, medium light gray (N6) to light gray (N7),
weathers light gray (N7); fine~ to medium-grained;
massive; separated from urderlying by difference in
weathering resistance, appears as one bed in places;
abundant Osggia, common Myalina, common crinoid
columnals, rare sponges, rare clusters of calcareous
algae, common Composita in lower pert . . . . . . . 0.6

1. Limestone, medium gray (N5), weathers medium light
gray (N6); very fine-grained, dense; massive;
abundent limonite gives orange mass color to bed
on fresh fracture; sbundant Osagia . . . . . . . « Ou4

Total Merriam limestone member . . . 2.0

Bommer Springs shale

Shale, dark greenish gray (SGYA/l), weathers grayish yellow-
green (5GY7/2); clayey, laminated; yellow in upper 0.1
foot ® - * . e - L 2 . - ./ L L4 . L L L4 * * - » - - . . L] ® L ] unm-.
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Locality 18. One-quarter mile north of SE corner, Sec. 19, T. 15 S.,

R. 23 E., Miami County; measured on road.

Plattsburg formation

Spring Hill limestone member and Hickory Creek shale rember

Limestone, dark yellowish orange (10YR6/6), westhers

grayish orange (10YR7/4); earthy, purky; thin bedded . 3.04

Merriam limestone member
Upper limestone unit

Limestone, light gray (N7) and yellowish gray (5Y8/1),
weathers yellowish gray (5Y7/2); very fine-grained,
dense, blocky srlitting; massive; abundant spots and
veinlets of dark crystalline dolomite; common small
cavitles filled with ferruginous clay; common worm
borings filled with ferruginews clay; rare crinoid
columnals, rare fsirly robust fusulinids « « o o o « « L0

Total Merriam limestone member . . . 1.0

Bonner Springs shale

Shale, covered . .

« ® o e e - Vrim,

5., Re 23 B, Viani County

N
v )

Locality 19. SW corner, NWi, Sec. 31, T. 1

R

measured »n road just north of bend in road,

Thickness
Feet,

Plattsburg formation

Spring Hill limestone membnr
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Limestone, vellowish gray {5Y7/2), weathers pale yellowish
orange (1OYRU /6); very fine-grained, dense; thin bedded;
POOTLY €XDPOS2A 4 4 4 4 v e e e v 6 e e e e e e e e e 811308

Merriem limestone member
Upper limestone unit

3. Limestone, light gray (N7), westhers yellowish gray

(qYR/l ; very Tine-grained, dense, blocky splitiing;
assive; abundan® spobs and veinletbs of dark
cvy'*L =211line dolomile; rare cavities filled with
. v b

orznge limonite, limestane is pale red (5R4/2) aromd
these cavities; rar OSusla, common large robust
fusulinids, rare criaoid columnals . o 0 6 v o o o L0

1
T

Lower limesztone unlt

2. Limestone, very light gray (N8}, weathers yellowish

<« [Eh
gray (5Y8/1); fine- to me dium—grained, oolitic;
massive; several beds; poorly exposad in niddle of
unib; abundant Osagia, rare FP”hﬂlohoﬂb, common

-

erinoid columnals, common Myalins in lowsr part ... 5.5

1, Limestone, medium gray (N5}, weathers light olive
gray gﬁYn/l\ fine-grained, oolitic; massive; lower
0.2 to 0,4 foot mainly limonite replacement ag unit
;

1 of Locality‘17; abundant Osagie, common Myalins,
common Compesita, comon erinoid columnals . . . . 12

Total Merriam limestone meaber o o o 7.7
Bormneyr Syrings shale

Shale, light olive gray (5Y7/2), veatlers same; clayey;
about six feetl exposed o ¢ . 4 o ¢ v 4 o ¢ v o 5 v o e o UMD,

[9)]

Locality 20. BSWg, SWi, Sec, 9, T. 1% 3., R. 23 E., Miami County;
nmezsured on read, 100 yards north of road junctinn,

Thickness
Feet
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Spring Hill limestonsz member

Limestone, eroded rubble . . . o ¢ v o v ¢ v « v o o o o umm,
Hickory Creek shale member

Shale, coverad . o ¢ v v v v v s o v v e 4 4 o 4 4 o . . unm,
Merriam limestone member

Upper limestore unit

3. Limestone, light gray (¥7), weathers yellowish gray

(5Y8/1); very fine-grained, dense, massive; common
spots and wvelnlets of dark crystalline dolomite;
rare worm borings filled with ferruginous clay;
common cavities filled with orange limonite;
separated from unit 2 by 0,1 foot of sliabby lime-

stone; abundant crinoid columnals ¢ ¢ o v ¢ ¢« o « o 1.

D

Lower limestone unit

2. Limestone, medium light gray (116), weathers light
olive gray (576/1); fine-grained; ocolitic; massive;
separated from unit 1 by 0,1 foot shaly limestone;

abundant Os=zgia, common brachiopods, common crinoid
COlMMNALS & o v v v o o 6 b e e e e e e e e e 05

1. Limestone, medium light gray (N6), weathers light
olive gray (5Y6/1); fine-grained; massive; abundan?
limonite replacement; rare QOgagia, common brach-
iopods, common Myalina, common crinoid columnals . 0.4

¢
S—— i

Total Merriam limestone member , . & 2.0
Bonner Springs shale

Shale, pale olive (10Y6/2), weathers same; limy, nodular . unmm,



Locality 21. NEi, NWg, Sec. 23, T. 15 S., R, 22 E,, Miami County;

measured on road just west of farm house,

124

Thickness

Feet
Plattsburg formation
Spring Hill limestone mewber
Limestone, brownish, eroded rubble ., . . . & + & « & « « unm,
Hickory Creek shale membher
Shale, Limy, covered . .« o « o & v o v o « o &+ & + &+ » o umm,

Merriam limestone member
Upper limestone unit

3. Limestone, medium light gray (6),
(N7); very fine~grained, dense; massive; common
spots and veinlets of dark crystelline dolomite;
rare worn borings filled with ferruginous clay;
common fusulinids, rare crinoid columals . « . . .

Lover limestone unit

2. Limestone, light grsy (N7), weathers very light gray
(N8); fine- to medium-grained; massive; several
beds, even bedded; oolitic; abundant Osagia, common
crinnid columnals, common brachiopods . « « « o + &

1. Limestone, medium light gray (N6), weathers light
olive gray (5Y6/1); fine-grainred; massive; abundant
limonite replacement ir. lower part; common Osagias,
comon Gomposita, cammon crinoid columnals o . . .

Total Merriam limestone member . . .

Bonner Springs shale

Shele, pale olive (10Y6/2), weathers yellowish gray (5Y7/2);
nodular, SaNdY . 4 4 4 6 o 6 s e v s« 0 e s e e = s e o

weathers light gray

0.5

20

wa,



Locality 22. NW§, N¥, Sec. 5, T. 16 S., R, 22 E,, Miami County;
measured on road just east of bridge,

Thickness
Feet

Plattsburg formation
Spring Hill limesbtone member
Limestone, mostly covered . . o v v . ¢ v v ¢ o o o o « o Wi,
Hickory Creek shale member

Shale, yellowish, nodulsr, marly, overlain by punky lime-
Stone bed . - L] L] - . - + L . . v » . . * @ ] L] L] * L] * 1007!

Merrism limestone member
Upper limestone unit

2. Limestone, light gray (N7), weathers light olive gray
{5v6/1); very fine-grained, dense, brittle; massive;
ahundant spots and veinlets of dark crystalline
dolomite; common worm borings filled with ferruginows

.

clay; rare brachiopods, common fusulinids . . . . . 1.0

Lower limestone unit

1, Limestone, mottled, medium light gray (N6), pale olive
(1OY6/23, yellowish gray (5Y7/2), with abundat
limonite, weathers yellowish gray (5Y7/2); fine-
grained, dense; massive; slabby weathering; abundant
extremely large Osagis, common brachiopods, cormon
erinoid columnals « ¢ ¢ 4 4 4 s v e 0 e v o e . oo 0.5

Total Merrism limestone member . . . 1.5

Bonner Springs shale

Shale, pale olive (10Y6/2), weathers yellowish gray (5Y7/2);
noduler, sandy; with accessary white quartz grains . . . wm,
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Locality 23, NE corner Seec, 3, T, 17 S., R. 22 E,, Miami County;

measured in road cut at top of hill just west of road junction,

Thickness
Feet
Plattsburg formation
Spring Hill limestone member
Limestone, weathers light olive gray; thin bedded;
erOded rubble * L . » L] L] 3 . . . . . . L) - . . . [ - [ ] lOO
Hickory Creek shale member
Shale, coverad . . . v . v v v ¢ v 4 v 4 v 4 v e e e . e 1,0

Merriam limestone member
Upper limestone unit

3. Limestone, very light gray (N8), weathers light olive
gray (5Y6/1); lower part slightly darker gray with
orange limonite in cavities; fine- to medium~grained
oolitic; massive; upper contact fairly flat; common
Osagia, common brachiopods, common crinoid columnals 1,5

Lower limestone wunit

2. Limestone, medium light gray (N6), weathers medium dark
gray (N4); fine~ to medium-grained, oolitic; massive;
cavities filled with orange limonite at top and
bottom of unit; separated from unit 3 by a thin and
fairly regular shale parting; abundant Csagia, rare
Myalina, common Compogita, common crinoid columnels  0.%

1. Limestone, medium light gray (N6), weathers dusky
yellor (5Y6/4); medium~grained, granular, suboolitic;
massive; separated from unit 2 by a thin irreguler
shale parting; common QOsagia, abundent brachiopods
with abundent Compositsg at the base . . « « « . . . 0u

Total Merriam limestone member . . 2.5
Boaner Springs shale

Shale, dusky yellow-green (5GY5/2); covered, sandy, hard . unm.



Locality 24. Center west side of SWg, See, 3, T

County; measured on road, 0.2 mile south of Kenses Highway 6%,

Thickness
Feet,
Flattsburg formation
Spring Hill limestone member
Limestone, covered .« . o o v o ¢ 4 4 ¢ 4 4 v v v o w2 » unm.

Hickory Creek shale member

Limestone, 1light orange; punky, nodular; very thin bed;
abundant crinoid columnals; overlying beds covered . . umm.

Ferriam limeztone member
Uprer limestone unit

3. Limestonz, medium light gray (N6) at base and light
olive gray (5Y6/1) at top, weathers yellowish gray
(5Y8/1); fine-grained at base to very fine-grained
at top; massive; slabby weathering more prominent
than in unit 1; abundant spots and veinlebs of dark
crystalline dolomite in middle one~third of unit;
worn borings billed with ferruginows clay abundant
at tep but rare at base of unit; *the following
fossils are abundant in the lower and upper one-
thirds of the unit but are rare in the middle one-
third: crinoid columnals, short robust fusulinids,
and thin elongate fusulinids . o o « o o o & o o o 0,7

Lower limestone unit

2. Limestone, dark yellowish brown (10YR4/2), weathers
yvellowish gray (5Y2/1); fine-grained; massive;
abundant small cavities filled with arange limonite;
common Ogsagia, rare echinold spines, rare fenestrate
bryozoans, common crinoid columnals, rare Composits

(@)
L4
n

-

1. Limestone, medium gray (N5) with some small areas of
dark gray (N3) and light olive gray (5Y6/1) at the
top, weathers yellowish gray (5Y8/1); fine-grained;
colitic with small ooliths; magsive; slabby weather-

ing; ebundant irrvegular jolnts; common limonite

weathering; Osagia common a*t contacts but nare
abindsnt in middle of unlt, abundant erinoid
columnals, rare Myalina, rare fenestrate bryozoans

ol R O



in upper one~third, braichicpods with Composite
abundant in lower 0.4 foot and common throughout
remainder of wnit . . . . . . . . . . ... ... 1.1
Total Merriam limestonz member . . . 2,0
Bonner Springs shale
/4) to olive gray (5Y3/2),
unm,

» & o o

Shale, moderate olive brown (5Yi
weathers nale olive (10Y6/2); silty, papery . . .

Locality 25. Center east side NEz, Sec. 8, T. 17 S., R. 22 E,, Miami
County; measured on road about 0.2 mile south of road junction,
Thickness

Feat

Plattsburg formation

Spring Hill limeston2 member

Limestone, covered . 4 o o « s ¢ ¢ o o » o o & - =+ o . o UM,
Hickory Creek shale member
« s umm.

* L] - L)

Shale, yellow, nodular, parily covered
Mer»iam limestone member

Upper limestone unit
3, Limestone, medium light gray (16), westhers yellowish
1ed, oolitic; massive; rare

gray (5Y7/2); fine-grained,
Ogngia, rare elongate fusulinids, common Lrachiopods, w
- *» - » - L] - L. 4

s o e e o o

comron crinoid columnals
Lower limectone unit

el

2. Limestone, light gray (N7), weathers yellowish ¢ray

{5Y7/2); fine- to medium~grained, oolitic; several
indistinet beds, lo-s angle cross-bedding; abundant
ecoming common toward top, cammon erinoid

9

Ogggie b



columnals, common brachiorods . . . ., o .

1. Limestona, mnedium light gray (H6), weathers wellowish
gray (5Y7/2); fine~grained, oolitic; massive; JOA:ﬂ
0.2 fool with abundant limonite replacement; separzted
from wnit 2 by a thin shzle parting; common erinnid
colunnale, =zbundant Osagia, common Myzlina, atundant

« s s s 1.0

Composite with common obher brachiopods . .

Total Merriam limestone member . . .

an
i

Jonner Springe shale

-~ bl ) \ . -~
Shale, moderute olive brown (5{4,%/ te olive gray (5Y3/2),

weathers pals olive (1C0Y6/2); & 1ty, papery « « o o o « Uri.

. ~/ 4 . T : x . .
Locality 20, Center north side NEg, Sec, 12, T, 17 S., R. 21 ey Miami

County; measured on road zbout 250 yards west of road

Plattsburg formation

)

-1

11 limestone mermber and Eickory Creek shale member

Sde

Suring H

<
Limestone, lower part yellow, shaly, punky - « 4 o o & -  unm.
Merriam limestone member

Voper limestone unit

, yellovish gray (57 7/23,
(1 (Rﬂ/g), very floe-graln
ing; massive; common spots
_ry%iQMN(MLMLw‘;mmmx

errugzinons elay; rare Jsggiua, ab L robust
inids, abunduant brachiopods, common fenesiraic

4

zozng, comumon orineid colimnals . . ¢ . 4 0 0 e 1.0




Ay
ia SUf¢c, dhwi; yellow gree v (5GY5/2), weathers same; st
top 1s moderate ve;l ﬂ’bk brown (‘OVQ /403 1limy;
common brachiepods, cownon crinoid coluwnale . . . 0.2

Lower limestore unit

Ze 5Limestone
gray {y;

}‘auu»la:ﬁ

SO
Compoait

i)

. Limestan SRR
mEER s { . e
gy (579 MY s

Ay ‘..j'

mesal shundant
ans+r na <olomid
[Sam RSTAREH R 1 ﬂr;
A me sty ol
1, Limes {347,;
f 3’;;::-...(3“ :
columnals, Jent Usugls, T M,"aﬂ:‘im B e

Eouner

| 2]

Thickness
et
< 3




T i
Py LINIe T
IS
\ o .;‘!
ein (\1- fairly
.
+ it tbo

Wwith no

R TTR R
S Harim

s
- Dab
3, #h orange (10VRE/6}, weathrors
blef; Jimy, papery; 1id
e noinlts;
Y ish oreng
(1¢ 'JW,/,-,; £
rilar Lo Lnderxylng mit oo . . . . . . C.a
2. Limectone, yellowich gruy (5?8/1), westhers grayish
orange (10VR7/L) ani dark ' rrow (1CYRL/2}
beneuth surfzce; very fin e-grwihe > uenn@' massive;
comman velnlets of dense gray ¢ mwoninent
vertical jolnting; camron cris nu" (‘nlaﬁumml aoruron
UT%PkiOhOuS with very abundant Composita UP“OWiEg
less a»mlant 85 BOU s 4 4 4 4 h v e 4 e e oa e . Ll

- . Py - I'4
1. Limestone, moderate yellowish brown (1CYR5/47,
weghhers same; very fine-gruined, earthy, rubbly;
rere Lrachlopols; poorly exnosed o s o s s 2 6 e 0.2
t T P, A oo
Totsl Merriam limestone member o . . Sa5
Springs shale

ive gray (5Y5/2), weasthers nole olive
'3 silty, laminaled .« & 4 o o ¢ o o s 0 e 4 a4 o U,
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)] 3 %
Locality 28, SWgz, SEg, See., 29, T, 16 S., R. 21 E., Franklin County;
measured in road cut 100 yards east of Hickory Creek bridge on Kanszas
Highways 23 and 68,

Thickness
Feot

Plattsburg formation
Spring Hill limestone member

Limeztone, light olive gray (5Y6/1) and yellowish gray
(5Y8/1) mottled, wesbhers dusky yellow {5Y6/4); fine-
grained, suggary; lower three fest massive bub weathers
to thin irreguler beds; yellow punky limestone in lower
part; common fusulinids, common brachiopods, common
crinoid columnsls up to 0.5 inch in diameter . . . . . 3.0

Hickory Creek shale member

Shale, grayish olive (10Y4/2), weathers pale olive (10Y4/2);
clayey, laminated; yellow punky limestone bed 0,3 foot
thick and 0,95 foot ghove base of unit; shele below
pinky limestone bed is carbonaceous in placed . . . . . 0.2

Merriam limesbtone member
Upper limestons unit

3. Limestone, yellowish gray (5Y7/2), weathers yellowish
gray (5Y8/1; fine~-grained; masaive; upper contact
even, lower conbact very irregular; common spotls
and veinlets of dark crystallipne dolomite and dense
gray dolomite; common worm borings filled with
ferruginous clay; common fusulinids, common crinoid
eolumnals, rare Composits . . . . . . . . . .0 .. O3

2. Limestone, pale yellowish brown (10YRG/2), weathers
yellowish gray (5Y8/1); fine-grained; massive; very
irregular bed; separated from slabby top of under-
lying unit by very irregular plane; abundant spots
and veinlets of dark crystelline dolomite; common
worm borings filled with ferruginous clay; very
common fusulinids, common crinoid columnals o « « o+ 0Ou2

Lower limestone unit

1. Limestone, light olive gray {(5Y4/1) in lower 0.2 foot,
light gray (N7) in remainder of unit, weathers



13

yellowish gray (5Y8/1); upper 0.8 foot very fine-
grained, dense, brittle; abundant veinlets of dense

gray dolomite; abundant worm borings £illed wiih
ferruginous clay at top of wnit: lower 0,2 foot

oolitic; common Osagis, common ramose bryozoans,

and common brachiopods in lower 0.2 foot, common
fusulinids in remainder of unit, comon crinoid

columnals throughout wnit . . . ¢ v o v ¢ ¢ v v« 1.0

Lower limestone unit

1. Iimestone, light olive gray (5Y6/1) in lower C.2 foot,
light gray (N7) in remainder of unit, weathers
yellowish gray (5Y8/1); upper 0.2 foot very fine-
grained, dense, brittle; abundant veinlets of dense
gray dolomite; sbundant worm borings filled with
ferruginous clay at top of unit; lower 0.2 foot
oolitie; common QOsazia, common ramose bryozomns,
and common brachiopods in lower 0,2 foot, common
fusulinids in remainder of wuni®, common crinoid
columnals throughout wnit o . ¢ ¢ ¢ ¢ ¢ ¢« ¢ ¢ ¢« « « 1.0

Total Merriam limestone member . . « 1.5
Bonner Springs shale
Shale, sandy, moderate yellowish brown (10YR5/4) at top,
weathers yellowish gray (5Y2/1); remsinder of unit is

dark greenish gray (5GV4/1); weathers light greenish
gray (SGB//].}, five feel exposed « & % & ¢ & ¢ & & © & & & his1H BN

Locality 29. Center east side NEz, Sec. 15, T. 17 3., R. 20 E., Franklin
County; measured in road cut C.4 mile south of railroad crossing.

Thickness
Feat

Plattshurg formation

Spring Hill limestone member



Limestone, light olive gray (5Y6/1), pinkish in lower
part, weathers dusky yvellow {(5Y6/4); thin irregular

be:- S L] L d L] L] ® - L4 - L4 - * - - - . - L] - . - * * L d » @ 8.\(-\)%
Hiekory Creck shale member

Shale, grayish olive {1074/2), weathers pale olive
(10Y6/2); yellow in places; limy; laminated; limestone,
runky, yellow, 0.4 foot thick, less than C,1 foot above
base of it . . . . . L L. 000 00w 0w s s o s 07

Merriam limestone member
Upper limestonz unit

2. Limeston=, light gray (N7), weathers dusky yellow
(5Y6/4); fine-grained; massive; common small spots
and veinlets of dark crystzlline dolomite; upper
surface fairly even; common Ugagie, rare robust

fusulinids, common erinoid columsals . o & ¢ o « o Do
Lower limestone unit

2. Limestone, medium light gray (N6), with olive gray
tinge, weathers dusky yellow (5Y6/4); fine-grained;
massive; upper surface very irregular; common
crinoid columnals throughout unit, rare Ossgia in
lowzr 0,1 foot, rare robust fusulinids in remainder
of bad, abwmdant worm borings fiiled with ferruginous
clay in upper one-half of wnit . . . . . . . . . o 0.6

1. Limestone, medium light gray (N6), weathers dusky
vellow {5Y6/L); fine-grained, oolitic; massive; hoth
contacts fairiy even; lowsr 0,1 foot contains small
flat shale pebbles only slightly lighter in color
than the underlying shale; common Myalina, common
crinoid columnals, QOsagis abundant near base anid very
common throughout rest of bed ¢ o ¢ & o o o « o » « le&

Total Verrian limestone member . . . 24
Bonner Springs shale

Shale, grayish olive (10Y5/4), weathers pale olive (10vh/2);
sardy, blocly; top of unit Is 9.5 feet above top of

mATOO0N SHALE ¢ v o o « o o o v e o s s e e = 4 v e e s

O
.

W
~
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Locality 30", SW corner SB}, Sec. 23, T. 17 S., R. 20 E., Franklin

R ey o

County; measured in road cut east of bridge..

Thickness
Feet
Plattsburg formation

Spring Hill limestone meumber

Limestone, light olive gray (5Y6/1), weathers dusky .0/
yellow (5!674); +hin irregular bedS o o ¢ « ¢ ¢ s ¢ o @ .

Hickory Creek shale member

Shele, covered .« o o o o o o ¢ o o o

L] L2 o * (-] [ ) o - o L] 004
Merriam limestone member

Upper limestone unit

. Iimestone, light olive gray (5Y6/1), weathers dusky
t ye:?.low ’( 5!6%4); fine-greined, dense, brittle; massive;
more common spots end veinlets of dark crystallﬁ..ne
dolomite than in underlying unit; rare worm Por:mgs
£i1led with ferruginous clay; common fusulinids, o
rare Osagia, common crinold columnals « o « o o o » o5

-

e —————

Lower limestone unit

A=~z
3. Limestone, light olive gray (5Y6/1); weathers dusky
yellow (5Y6/4); aphanitic, demse, brittle; massive;

at places seemingly continuous with either adjacent

unit, common robust fusulinids o« o« o ¢ o ¢ o ¢ « « 0ok

2, Limestone, light gray (N7), weathers dusky yellow
(5Y6/4); very fine-grained, dense; massive; abundant

spots and veinlets of dark crystalline dolomite and \
Ok

dense gray dolomite; rare robust fusulinids, common
crinoid columnals o o ¢ ¢« ¢ 4 o ¢ s ¢ 6 s 0 0 o o o

1, Limestone, medium light gray (N6), weathers olive gray
(5Y3/2); fine~ to medium-grained, granular, oolitic;
massive; common small flat shale pebbles in lower
0.1 foot; common Osagia, common crinoid columnals,
common brachiopods with common Composita

3
13

o e & & o 0.7‘ »

Total Merriam limestone member . . » 2.0
Bonner Springs shale

o~
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Shele, grayish olive (10Y5/4), weathers pale olive (10¥6/ 2}; 5.0/ \
Sandy, b1°Cky L3 - [ L] * L] L] L ] - L] * * °* L) L] L * L] o L] .. ® L[ ]

At e

Locality 31. SE corner, NEz, Sec. 25, T. 17 S., R. 20 Ee., Franklin
County; measured in road cut, 0.4 mile south of Rantoul. I{oado

Thickness
Feet

Plattsburg formation
Spring Hill limestone member and Hickory Creek shale member

2, Limestone, thin irregular beds, yellowish gray, with
punky appearance at base; common fossil fragments . 4.0£ \

1, Limestone, yellow, punky, thin irregular beds; with
thin olive gray and yellow papery shale above « « « 1e3

Merriam limestone member

Upper limestone unit (0.5 foot) and lower limestone unit (0.8 foot)

2. Limestons, yellowish gray (5Y7/2) in upper part and
medium gray (N5) in lower part, weathers dusky
yellow (5Y6/4); very fine-grained, dense, brittle;
nagsive; upper part about C.5 foot thick, lower part
about 0,8 foot thick; common spots of dark crystal-
line dolomite; rare worm borings filled with v
ferruginous clay at top of unit; common crinoid
COl'llmnalS, rare fusulinids e 6 © & & ¢ © & 6 o * & 103

1. Limestone, yellowish gray (5Y7/2) and pale olive
(10Y6/2), weathers dusky yellow (5Y6/4); very fine-
grained, dense; massive; abundant veinlets of dense
gray dolomite; oolitie in places near the veinlets
where rare fusulinids are present; common crinoid
columnals, common Composita . « « « « o 4 o o o+ o 0.8

met———

Total Merriam limestone member . « « 2.1

Bonner Springs shale -
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Shale, medium bluish gray (5B5/1), weathers light bluish

gray (5B7/1); silty, thinly leminated; yellow and limy
in upper one £OOb « « ¢« o o o« o o ¢ ¢ o o o 6 o 0o s o o o 10.0£

Locality 32. NE corner, SEf, Sec., 32, T. 17 S., R. 21 E,, Franklin

County; measured in road cub, 1.6 miles south of Rantoul.

Thickness
Feet
Plattsburg formation

Spring Hill limestone member

Limestone, light olive gray (5Y6/1), weathers dusky yellow
(5Y6/4); aphanitic, dense, brittle; thin irregular beds;
crinoid columnals up to 0.5 inch in diameter

L L ] ® L 4 * 5.

Merriam limestone member

Upper limestone unit

3. Limestone, yellowish gray (5Y8/1), weathers dusky
yellow (5Y6/4); fine-grained, oolitic with small
ooliths; massive; thickness very irregular but for
most part upper surface only slightly irregular;
common crinold columnals, abundant Osagiaz, rare

fusulinids, locally very abundant small brachiopods
at base L L] * [ ] L] L) L * L] * L L] L * L] L] L L L . L L]

0.4

Lower linestone unit

2. Limestone, light gray (N7), weathers dusky yellow
(5Y6/4); medivm-grained, very oolitic; massive;
upper surface very irregular; common small cavities
filled with orenge limonite; rare large veinlets of
dark crystalline dolomite; common crinoid columnals,
sbundant Osagia, rare fusulinids, common remose and
fenestrate bryozoens, rare Composita « o ¢ o ¢ o o 0.7

i t dark
1. Limestone, medium light gra (N6), lower 0.1 foo
yellowifsh orange (10YR6/6), weathers dusky yellow
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(5Y6/4); lower part punky, pale yellowish brown
(10YR6/2) beneath surface, oolitic, sbundant

Composita; entire bed fine-grained, oolitic with
very small ooliths which are somewhat coarser at
top of unit, brittle; massive; Osagia common in
middle and abundant at top, rare fusulinids at top,
1.3

*. © & &

common crinoid columnals o o o ¢ o o ¢ o o
Total Merriam limestone member . . « - 2.4

Bonner Springs shale

Shale, grayish olive (10Y5/4), weathers pale olive (10Y6/2);
sandy, blocky; 11 feet from top of unit to top of maroon o/
11.

S hale °® L ] > ° . L ® . 9® L] ® [ 4 * ° L4 L] L L * - L4 L 4 L * [ *

Locality 33. SEf, NWZ, Sec. 9, T. 18 S., R. 21 E,, Franklin County;

measured in rosd cut on hill east of bridge.

Thickness
Feet

Plattsburg formation

Spring Hill limestone member

Limestone, light olive gray (5Y6/1), weathers dusky yellow
(5Y6/4); fine-grained; thin irregular beds, punky ab 1.5

® * L * e - L L ] L] . L ° L ] ® L L L] L [ ) * * [ 4 * [ ] *

base

Hickory Creek shale member

Shale, dark yellowish orange (10Y6/6), covered; near base
is slabby punky limestone bed 0.3 foot thick . . . « & 2.5

Merriam limestone member

Upper limestone unit

5, Iimestone, medium light gray (N6), weathers dusky
yellow (5Y6/4); very fine-grained, demse, brittle;
nassive; prominent vertical jointing; common spots
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and veinlets of dark crystalline dolomite;
commuon rdbust fusulinids . . ¢ © © & & o ® & & ® o @ 100

Lower limestone unit

4. Limestone, medium light gray (N6), weathers dusky
yellow (5Y6/4); medium-grained, granular, sub-
oolitie; massive; common vertical jointing; finer
grained at top; common Osagia., common fenestrate
bryozoans, common crinoid columnals, rare
(?)CQmQOSit& 8t DaSe ¢ ¢ ¢ ¢ o o s o s v e ¢ 0 o o 0.9

L
3. Limestone, light olive gray (5Y6/1), weathers dusky
yellow (53[6/43; fine~grained, crystalline; massive;
irregular contacts; abundant veinlets of dense gray
dolomite; common Composita, rare fusulinids . « « o 0.7

2. Limestone, light olive gray (5Y6/1), weathers dusky
yellow (5Y6/4); aphanitic, dense; massive; common
veinlets of dense gray dolamite; punky weathering
at base with common Composita « « o « s o « o o o o 0sb6

1. Limestone, brownish gray (5YR4/1), weathers dusky
yellow (5Y6/4); medium-grained, suboolitic; massive;
slabby and shaly at top below 0,1 foot limy shale;
common greenish gray (5GY6/1) shale pebbles;
abundant Osagia, common crinoid columnals ¢ « « « o 045

Totel Merriam limestone member . . . _3-:-'-7—
Bonner Springs shale
Shale, grayish olive (10Y5/4), weathers pale olive (10Y6/2);

sandy, blocky; top of unit is 8.0 feet above top of marocon
Sha]e L ] * L 4 ® e . L] L ° L L] L] L] E * L d L . L L d [ 4 * ® L 3 L] * 8'0%

Locelity 34. NWi, SWk, Sec. 16, T. 18 S., R. 21 E.,, Franklin County;
measured in rcad cub south of bridge.

Thickness
Feet
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Platbsburg formation
Spring Hill limestone member

Limestone, light olive gray (5Y6/1), weathers dark
yellowish orange (10YR6/6) and pale yellowish orange
(L0YR8/6); fine-grained; thin irregular beds; common
braehiopods..................e..o 4007!

Hickory Creek shale member (?)

Shale, and shaly limestone, dark yellowish orange
(10 YR6/6) and dark yellowish brown (1OYR4/2), covered;
similar to other shale partings but is slightly thicker
and more persistant, also it divides two weathering
colors of the limestones ® ¢ » o & ¢ & 0 o ° & & a ° ® 001

Merriam limestone member
Upper limestone unit

3+ Limestone, greatly weathered, mottling of light olive
gray (5Y6/1), dark yellowish orange (10YR6/6),
rayish orange (10YR7/4), and very pale orange
%IOYRS/.?.) , weathers yellowish gray (5Y7/2); fine-
grained, suggary texture; massive; top contact very
even; common spots and veinlets of dark crystalline
dolomite and dense gray dolomite; common echinoid
spines, common brachiopods, rare QOsagia, common
crinoid columnals, common very robust fusulinids . 0.8

Lower limestone unit

2. Limestone, light olive gray (5Y6/1), weathers yellowish
gray (5Y7/2 3 fine-grained, dense; massive; irregular
contacts; separated from wit 3 by local shale part-
ing; common spots and veinlets of dark crystalline
dolomite; common brachiopods, very rare Osagia . . 0.5

1, Limestone, greatly weathered, pale yellowish brown
(10YR6/2) and grayish orange (1OYR7/4), weatlers
yellowish gray (5Y7/2); very fine-grained, suggary
texture; massive; may weather into three or four
beds; prominent vertical jointing; common brachiopods
with rare Composita, common crinoid columnals . . + 2.0

Total Merriam limestone member « « « 33

Bonner Springs shale

Shale, moderate olive brown (5Y4/4), weathers pale olive
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(10Y6/2); sandy, upper ten feet with hard thin to thick
beds of fine-grained gray sandstone « « « « « « o« o « » o 20,0

Locality 35. SEi, SBf, Sec. 30, T. 18 S., R. 21 E., Franklin County;

measured on road just west of bridge.

Thickness
Feet

Plattsburg formation
Spring Hill limestone member

Limestone, brown, very slabby and shaly; partly covered;
weathers to very thin irregular flaky slabs . . . « « » 1,04

Merriam limestone member
Upper limestone unit

3. Limestone, grayish orange (LOYR7/4), weathers dusky
yellow (5Y6/4); fine-grained, suggary texture; massive;
at places continuous with unit 2; common spots and
veinlets of dark crystalline dolomite; common large
robust fusulinids, common Composita, common crinoid
colmnals.-oooooooooaoo.ooo..o 009

Lower limestone unit

2., ILimestone, pale yellowish brown (1OYR6/2), weathers
dusky yellow (5Y6/4); very fine-grained, dense,
suggary texture; abundant limonite weathering; common
veinlets of dark crystalline dolomite; common robust
fusulinids, common horn carals, common crinoid
0011mnals * L] . - L] ® - L ] - * L ] [ L ° - L 4 L d - * * * 1‘1

1. Limestone, light gray (N7), weathers olive gray
(5Y3/2); very fine-grained, dense; massive; continu-
ous with overlying unit; rare horn corals, common
erinoid columnals « « o « o o o o o o o o« o o+ o o 0.8

Total Merriam limestone member . . « 2.8
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Bonner Springs shale

Shale, covered

L] L] [ ] L ® L -* . . L 4 L 4 L] * * @ [ 4 L] L 4 L L] . L J lmm'

Locality 36. NEz, SBi, Sec. 16, T. 19 S., R. 21 E., Franklin County;

measured in road cut just southwest of road junetion on U. S, 169,

Thickness
Feet

Plattsburg formation
Spring Hill limestone member

2. Limestone, dark yellowish brown (10YR4/2), weathers
moderate yellowish brown (10YR5/4); thin irregular
beds of slabby erosion remnant o ¢ o o o o o o o o 054

1, Limestone, dark yellowish brown (10YR,/2), weathers
same; very thin irregular slabby beds, fairly
perSiStant ° L 4 * L] L d . » L L 4 . L) - . . L] L] L] L » L] o.z

Merriam limestone member
Upper limestone unit

2. Limestone, yellowish gray (5Y8/1), weathers very light
gray (N8); fine-grained, suggary texture; massive
but weathers into thin irregular beds; upper contact
fairly even, lower contact obscure in places; common
veinlets of dense gray dolomite; common echinoid
spines, rare Osagia, very abundant extremely large
robust fusulinids, common crinoid columnals, rare
horn corals in lower part, common Composita in
remainder of unit above horn coral zone, common
brachiopods at top of unit o+ ¢ o o ¢ o o o o o o o 1o5

Lower limestone unit
1, Limestone, pale yellowish brown (10YR6/2), weathers

dugky yellow (5¥6/4); fine-grained, dense; massive;
common spots and veinlets of dark crystalline dolomite;
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lover 0.5 foot is browmish, hard, weathers yellow,

punky; less fossiliferous than overlying unit; common
crinoid columnals, rare brachiopods, rare extremely

large robust fusulinids except in lower 0.5 foot . . 2.5

Total Merriam limestone member . . o 4.0

Bonner Springs shale
Shale, greenish gray (5GY6/1), weathers yellowish gray (5Y8/1)
in upper six feet; silty, blocky; with abundant brachiopods

near top underlain by dark greenish gray (56Y8/1) silty
laminated shale weathering light bluish gray (5B7/1) . . 15.0f

Locality 37. NWi, SBi, Sec. 15, T. 19 S., R. 20 E,, Franklin County;

measured on road at bend from north-south to northwest—southeast.

Thickness
Feet

Plattsburg formation

Spring Hill limestone member and (?) Hickory Creek shale member

Linmestone, yellow, punky greatly weathered, mostly
cowred L] L] * . L L] L. - * v » - . L4 . - L3 L] L] . * . L] [ ] l .0%

Merriam limestone member

Upper limestone unit

3. Limestone, light olive gray (5Y6/1), weathers dusky
yellow (5Y6/4; aphanitic, dense, brittle; massive;
common worm borings filled with ferruginous clay;
common spobts and veinlets of dark crystalline
dolomite; rare fusulinids, rare crinoid colummals . 0.9

Lower limestone unit

2, Limestone, light gray (N7), weathers dusky yellow
(5Y6/L)3 fine-grained, suggary texture, brittle;
massive; common spobts of dark crystalline dolomite;
rare fusulinids, common crinoid columnals, common
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Osagia near middle of unit; traverse made 50 feeb
to north-northwest on this unit « ¢« v « ¢« o o o ¢ o« Lok

1, Limestone, upper 0.5 foot light gray (N7, lower 0,6
foot light olive gray (5Y6/1) probably due to
weathering, weathers dusky yellow (5Y6/4); very fine-
grained, dense, somewhat brittle; massive; common
veinlets of dense gray dolomite as at Locality 31
with associated oolitic pabches and rare fusulinids;
common Composita, common crinoid columnals « « « « o lel

Total Merriam limestone member « . « 3ok
Bonner Springs

Shale, dark greenish gray (5GY4/l), weathers light greenish
gray (5G8/1)§ hax'd, nOdular’ Sandy » © ®» © ©® @ o o ® e o 8007[

Locality 38, SWz, SWi, Sec. 9, T. 19 S., R. 20 E,, Franklin Countys:
measured in old quarry just west of bridge.

Thickness
Feet

Plattsburg formation
Spring Hill limestone member
Limestone, very light gray (N8), weathers dusky yellow
(5¥6/4); fine-grained; massive but weathers into thin
irregular beds; abundant fossil fragments « « » « « o o  5.0f
Hickory Creek shale member
Shale, grayish olive (10Y4/2), moderate yellowish brown
(10YR5/4) near surface, weathers greenish gray (5GI6/1);
laminated, clayey; yellow punky limestone bed 0.5 foot
'bhiCknearbase-ooouo'ooooooooooouo 101

Merriam limestone member

Upper limestone unit -~
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/

4o Limestone, light olive gray (5Y6/1), weathers dusky

yellow (5Y6/4); very fine~-grained, dense, brittle;
massive; common spobts and velnlets of dark crystalline
dolomite, veinlets at places grouped into a curving
swarm or set; common worm borings filled with
ferruginous clay, more abundant at top; common small
fusulinids, rare brachiopods

*® . L] - L J L L] L L] L] L. 1.1

Lower limestone wnit

3, Limestone, light gray (N7), weathers dusky yellow

(5Y6/4); very fine-grained, dense, suggary texture,
brittle; massive; common spots and veinlets of dark
crystalline dolomite; commonly weathers even with
overlying unit; rare small brachiopods and rare
Composita, common small robust fusulinids in upper

part * - - ° * - L] * * L ° ° L - * L L] o o * L 4 L] L 0 [ 4

2. Shale, olive gray (5Y4/1), weathers yellowish gray

(5Y7/2); very thinly laminated, papery, silty; upper
part with limestone nodules; bed of about constant
thickness but slightly irregular in position . . « 0.1

1, Limestone, light gray (N7), weathers light olive gray

(5Y5/2); medium-grained, granular; massive; lower
part poorly exposed; common Osagia, rare fusulinids,
common crinoid columnals .+ « o o o o o o o o o o o 0.5

Total Merriam limestone member , . « 2.2

Bonner Springs shale

Shale, dark greenish gray (5G4/1), weathers light greenish
gray (5G8/1); hard, silty, thinly laminated; top of umit
is 5.5 feet above top of fine-grained brown-weathering
SandStONe « o« « o o » o o s s o 0 o 6 s 6 o 0 s e 0 s s e 5,54

)

lity 39,>NE}, NE}, Sec. 29, T. 19 S., R. 20 E., Anderson Cownty;

M

measuvred in road cut on east-west road 0.2 mile east of junction.

Thickness
Eeet

b,
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Plattsburg formation
Spring Hill limestone member

Limestone, light gray (N7), weathers olive gray (5Y4/1);
fine=-grained, thin irregular beds; abundant fossils
including large crinoid columnals « o o o « « o o o o o 4oOf

Hickory Creek shale member .
Shale, covered, yellow, limy, nodular « « « o« o« « ¢« o o o 345

Merriam limestone member ) , \
Upper limestone unit )

2. Limestone, light olive gray (5Y6/1), light gray (N7)
in middle, weathers olive gray (5Y4/1); very fine-
grained, dense; massive; common worm borings filled
with ferruginous clay at top of unit; common spots
and veinlets of dark crystalline dolomite; prominent
vertical jointing; separated from unit 1 by a O,1
foot slabby limestone; rare brachlopods near top,
rare Osagia in middle, common robust fusulinids in
upper two=-thirdS o« o« ¢ ¢ ¢ o o ¢ s 0 s 2 0 0 s o o Lok

L
‘\)v.

Lower limestone unit ) A- 1l

1, Limestone, light olive gray (5Y6/1), weathers olive
gray (5Y¥4/1); very fine-grained; messive; sbundant’
spots and veinlets of dark crystalline dolomite;
middle one-third of bed more grayish, fine-grained
but more granular, common robust fusulinids and
rare Osagia; lower 0,2 foot very shaly, greatly
weathered; common crinoid columnals, common
Gompogita, other brachiopods common at top o+ o o o 0.8

Total Merriam limestone member . . « 2.2 ; \
Bonner Springs shale

Shale, light olive gray (5Y5/2), but limonite-stained P
greenish gray (5G6/1) near top, weathers light greenish :
gray (5G8/1); hard, silty, laminated near top; top of
unit about 17 feet above greenish gray fine-grained
Sandstone o L] * L3 - L * L] o * - .' » L] L * o '. - ° -] L] 0‘ * 17.0%
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Locality 40. SEf, SEi, Sec. 34, T. 19 S., R. 19 E,, Anderson County;
measured in road cut,

Thickness
Feet

Plattsburg formation
Spring Hill limestone member

Limestone, yellowish gray, weathers lighter than lower
limestones; lower 1.5 feet massive bubt weathers to thin
irregular beds as overlying limestone; at base is 0.1
foot fossiliferous yellow shaly-weathering limestone;
at~places separated from underlying umit by less than one
inch of brown shale; common large brachiopods, rare
crinoid cOluMNals o o o o o ¢ « o o o o o 0o o o o o oo 504

Merrism limestone member
Upper limestone unit

2. Limestone, yellowish gray (5Y8/1), weathers light gray
(N7) and yellowish gray (5Y8/1); medium-grained;
magsive; flat upper contact; very rare Osagia, rare
elongate and robust fusulinids, abundant crinoid
columnals, common brachiopods near top o+ + « « ¢« « 0.9

Lower limestone wnit '

1, Limestone, medium gray (N5), weathers medium light
gray (N6) and yellowish gray (5Y7/2); medium-grained;
massive; in places continuous with unit 2; light
brownish gray (5YR6/1) just under surface; common
veinlets of dark dolomite; rare Osagia, common crinoid
columnals, rare horn corals near H0P o« o« o o o o o 0o8

Total Merriam limestone member . . » 1.7

Bonner Springs shale

Shale, dark gray (N3), weathers light bluish gray (5B7/1);
silty; upper two feet covered, moderate yellowish brown
(10YR5/4), silty; massive sandstone occurs in middle of
UNIE o o o 0 o o o o o o o o s o s o oo e e oo s AOOL



158

Locality 41. NWi, NWi, Sec. 3, T. 20 S., R. 21 E., Anderson County:
neasured in road cut,

Thickness
Feet

Plattsburg formation
Spring Hill limestone member and (?) Hickory Creck shale member
2, Limestone, thin bedded, slabby weathering . . « . « . 3.0¢
l.Covered’....-............o.... 30071
Merriam limestone member
Upper limestone unit .
2. Limestone, light gray (N7), weathers medium light gray
(N6); very fine-grained, dense, brittle; massive;
prominent vertical jointing; common spots of dark
crystalline dolomite; rare worm borings filled with
ferruginous clay; rare crinoid columals . . « « « 1le2

Lower limestone unit

1. Limestone, medium light gray (N6), weathers light olive
gray (5Y6/1); pale red tinge at top due to weathering;

fine-grained, oolitic; massive; prominent vertical }
Qﬁw

jointing; rare Osagis, common brachiopods inecluding .
cammon Composita, common Mysddma in lower part; g T
Myadins: and brachiopods most common in zone 0.4 foot
above base Of NIt o o o o o o o o s o ¢ o 0 o s o Rok

Total Merriam limestone member « . « 346

Bonner Springs shale

Shale, greenish gray (5GY6/1), weathers light greenish gray
(SGYS/l): Vel'y platy, hal'd’ Sarldy ® e & °& e s e 9 o e ¢ @ 1000%
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’ Locaii‘fﬁ‘zfg, SE, SWk, Sec. 7, T. 20 S., R. 21 E., Anderson County;

\\""-m il - - -
- measured on road at road junction.

Thickness
Feet

Plattsburg formation
Spring Hill limestone member and Hickory Creek shale member ¥
Limestone, thin bedded, two-foot erosion remnant; under-

lain by 0.8 foot covered interval and 0.4 foot punky
1imestone * L] - L] - ° » L] [ ] L - L ] L ] L ] ® L] * [ L] - [ [ ] L] 302%

Merriam limestone member
Upper limestone unit . \
6., Limestone, medium light gray (N6), weathers light gray .

(N7); aphenitic, dense, brittle; massive; somewhat
granular around abundant worm borings filled with
ferruginous clay; pitted weathering; even upper
contact; common veinlets of dark crystalline dolomite;
common crinoid columnals, rare brachiopods in lower
one-half. . . . « . .« . . O -

§

Shale bed

5, Shale, olive gray (5Y¥4/1), light greenish gray (5G68/1),
and moderate olive brown (5Y4/4), not interlaminated,
weathers light olive gray (526/1$; limy papery;
common small symmetrical open folds with vertical
planes; upper 0.05 foot yellow with limestone
nodules; rare brachiopods « o o o o o o ¢ o « o o o Ol

Lower limestone wnit A 1A
4. Limestone, light gray (N7), weathers very light gray

(N8); fine-grained, somewhat granular; massive;

common brachiopods, common crinoid columnals . . . 0.5

(N8); fine-grained, suggary texture; massive;
prominent vertical jointing; common small fusulinids,.
common Osagia, common crinoid columnals . « « o o o 0.9

3. Limestone, light gray (N7), weathers very light gray i

2. Limestone, very light gray (N8), weathers light gray ;
(N7); fine-grained; massive; rare brachiopods,
rare small robust fusulinids, common crinoid
COlUMNELE & o o ¢ 7o o o o o 6 « o o o ¢« 0 ¢ 8 o ¢ o 009
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1. Limestone, light gray (N7), weathers dark yellowish
orange (10YR6/6); very fine-grained; massive;
greatly weathered; abundant brachiopods including — m}%{/ /A
abundant Composita, rare Myslime, common crinoid "4 W ads
colmls..oc.oo.oooo.ooo.oo.o 1-1 3

{
Total Merriem limestone member « « o 4o7 ¢ \

Bonner Springs shale

Shale, greenish gray (5GY6/1), weathers light greenish
gray (56Y8/1); very platy, hard, sandy .« « « « « « o o » 10,04

Locality 43. SBz, NEZ, SWi, Sec, 20, T. 20 S., R. 21 E., Anderson

County; measured on road.

Thickness
Feet

Plattsburg formation
Spring Hill limestone member and (?) Hickory Creek shale member

2, Limestone, thin irregular beds, ebundantly
fOSSiliferouSoosooooooootoooooso loo)[ \

1, Limestone, shaly, yellow, and limy yellow shale . . . 0.4

Merriam limestone member
;
Upper limestone unit

3. Limestone, medium dark gray (N4) at base and medium
light gray (N6) at top, weathers dusky yellow
(5Y6/4); aphanitic, dense, brittle; massive; common
spots of dark crystalline dolomite; common worm
borings filled with ferruginous clay; common
crinoid columnals, rare small thin fusulinids in

upper part, rare Osagia near base o « o o« o o o o 0.8

Lower limestone unit

2. Limestone, medium-.gray (N5), weathers dusky yellow
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(5Y6/L); very fine-grained, dense, brittle; massive;
common veinlets of dark crystalline dolomite; common
small fusulinids, common crinoid columnals .+ « » « 0.6

1, Limestone, medium light gray (N6), weathers medium
gray (N5) to dusky yellow (5Y6/4); medium-grained,
] oolitic; massive; greatly weathered; common Osggia,
/ common crinoid columnals, rare brachiopods . . . . 0.9

Total Merriam limestone member . . « 2.3
Bonner Springs shale

Shale, dusky yellow green (5GY5/2), weathers light greenish
gray (5GY¥8/1); sandy, laminated o« « o « o o o o o s o« o« » 20,04

(iIE‘cTa"ﬁ‘%"j‘ZZLﬁSW%, SEf, SBi, Sec. 30, T. 20 S., R, 21 E., Anderson

County; measured in road cut just east of road junction,

. Thickness
Feet
Plattsburg formation
) Spring Hill limestone member
[ g
/ B Limestone, thin to thick irregular beds, abundantly
] fossiliferous with large brachiopods at base o o o . o 12,04
. Hickory Creek shale member ;

Shale, dark greenish gray (5GY4/1) and dark yellowish
orange (10YR6/6); laminated, limy; shale in upper
0.4 foot and lower 0.1l foot separated by yellow
thin bedded punky ].imes.bone s & o o & ©o 8 © 6 & o ¢ @ @ 2.0

Merriam 1ir11es’oone menmber
Upper limestone unit

4. Limestone, light gray (N7), weathers light olive gray
(5Y6/1); very fine~grained, demse, brittle; massive




continuous with underlying unit; common spots and A3
veinlets of dark crystalline dolomite; rare worm

borings filled with ferruginous clay; upper contact

even; prominent wvertical jointing; common crinoid

columnals, rare Composita « o « o« o« « o o« o ¢ ¢ o « 1.0

Lower limestone wnit

3. Limestone, medium light gray (N6), weathers dusky 5
yellow (5Y6/4); very fine-grained, dense; massive
continuous with overlying unit; prominent vertical
jointing; common crinoid columnals, very rare
Osagig.................,.... 005

2, Limestone, very slabby and shaly weathering, is
actually only the upper part of unit 1; at places
complete gradation from unit L towmit 4 ., . &« « « Oel (

1. Limestone, mottled by weathering, medium light gray
(¥6), light greenish gray (5GY8/1), and moderate
yellowish brown (10YR5/4), weathers dusky yellow
(5¥6/L); medium~grained; crinoidal limestone;
massive but with laminated appeasrance; contains
pebbles of hard light greenish gray shale up to
one inch in diameter; very abundant crinoid
COlUMAlS 4 ¢ 4 + 4 2 o o s s o s s s s 0 o e oo 03

o

Total Merriam limestone member . . » -i:§-
Bonner Springs shale

Shale, greenish gray (5GY6/1) in upper part, weathers light
greenish gray (56Y8/1); dark gray (N4) with bluish tinge
in lower part, weathers light bluish gray (5B7/1.); very
platy, hard, sandy in upper part; the platy sandy shale
occurs as beds throughout the blue more clayey laminated
SHELE o o o o o o o o o o o s s s o o o e e e s e s s e 10,04

Locality 45. SWE, NWk, SEX, Sec. 4, T. 20 S., R, 20 E,, Anderson x

County; measured on road at top of hill.

o
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Thickness
Feet

Flattsburg formation

Spring Hill limestone member and (%) Hickory Creek shale member

2., Limestone, thin bedded, fossiliferous with large
crinoid columnals, top eroded « o o « v o 4 2 o o . 2,04

1. Limestone, punky, very fossiliferous, crumbly
Weatherirlg ° . o L] L] [ ) L [ ) . ° L - [ ) . - . . . [ ) o 005

Merriam limestone member
Upper limestone unit

Lo Limestone, light olive gray (5Y6/1), weathers medium
- light gray (N6); fine-grained, dense, suggary
texture; massive; two beds; common spots and vein-
lets of dark crystalline dolomite; common worm
borings filled with ferruginous clay; common crinoid
columnals, common brachiopods in uvpper one~third,
common robust fusulinids near 0P ¢ o o o o o o o » Lok

Lower limestone unit

3, Limestone, light gray (N7), weathers medium light gray
(N6); fine-grained, dense, suggary texture; massive;
common veinlets of dense gray dolemite; prominent
vertical jointing; common crinoid columnals . o « « 0.8

2. Limestone, dark yellowish orange (1OYR6/6), weathers
light olive gray (5Y5/2); punky, slabby; greatly
weathered; fairly persistent bed but loecally thins. 0.2

1. Limestone, light olive gray (5Y6/1), weathers medium
light gray (N6) with yellow stain from overlying
slabby limestone; very fine-grained, dense, more
granular toward top; massive with yellow shale
parting in middle; lower pert greatly weathered,
grayish orange (10YR7/4) on fracture; common
erinoid columnals, rare fusulinids in lower two-
thirds Of unit L] ® * L] . L L] * L o - L d L L ] L] ° - * 103

Total Merriam limestone member . . o 307

Bonner Springs shale

Shale, olive gray (5Y4/1), weathers light olive gray (5¥6/1),
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sandy, laminated, with thin bedded sandstone in lower

half L L] 0 . L 2 L] L - L - L * ° L L * . L3 o . L ° L] L] L L4

weathers moderate yellowish brown (1O0YR5/4) at top; very \
20,04

= e X, -
o ~,

PR e RN
CLocali*by 46, NEE, SWE, NEE, Sec, 26, T. 20 S., R. 20 E. Anderson
County: measured in road cut just west of bend in road.

Thickness
Feet

Plattsburg formation
Spring Hill limestone member f \

Limestone, light olive gray, thin bedded with massive
lover 1.5 feet, very fossiliferous . « « « s ¢ o « » o U,

Hickory Creek shale member

Shale, olive green, underlain by blue shale, at base is
0Q3 fOO’b punky 1imest0ne bed e @ e e S ® & s 2 s+ & & o 2&5

Merriam limestone member
Upper limestone unit

5, Limestone, medium dark gray (N4), weathers medium
light gray (N6); aphenitic, dense, brittle; massive;
abundant worm borings filled with ferruginous clay;
common crinoid columnals, rare brachiopods in lower
ha]-f (-] . L] L] [ ] [ L 4 L] -3 * L ® L) L] L] L L L] - . L ] L] o 101

Shale bed

4o Shale, olive gray (5Y4/1), weathers light olive gray i
(5Y6/1); limy, papery; common fusulinids, common ¥
brachiopods, common crinoid columnals « o o o o « o 0.2 ¢

Lower limestone unit

3., ILimestone, medium light gray (N6), weathers dusky
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/S

yellow (5Y6/4); fine-grained, granular; massive;

at places seemingly continuous with lower two units;
upper contacts of units 2, 3, and 5 are flat; common
erinoid columnsls, rare fusulinids, very rare
OSagia‘..................... 0.7

2., Limestone, medium light gray (N6), weathers dusky
yellow (5Y6/L); aphenitic, dense; massive; locally
difficult to distinguish from unit 1 by weathering;
abundant swirls of dark crystalline dolomite;
comuon caleite vugs; rare thin fusulinids, common
erinoid columnals, common brachlopods; rare

, .’“..ro.-..-.ocoa.eoo.ooo 102
D%%;Eﬁ%wﬂm “\

1, Limestone, medium light gray (N6), weathers dark !
yellowish brown (10YR4/2) but appears dusky yellow
(5Y6/L) on outerop; aphanitic, dense, brittle;
massive; rare small fusulinids, common crinoid
columnals, common brachiopods, rare fenestrate
bryozoans in upper half s ¢ o« ¢« o o ¢ o o o o o o ¢ 1.3

Total Merriam limestone member o « o 4o5
Bonner Springs shale

Shale, dark gray (N3), weathers light bluish gray (5B7/1);
sandy, laminated, platy; locally interbedded with dark
olive green sandy shale o o o o o o o o o o o ¢ o o o o 6.9/

AN

Locality 47. SWg, SW, Sec. 35, To 20 8., R. 20 E,, Anderson County;
measured on road,
Thickness X
Feet
Flattsburg formation
Spring Hill limestone member

Limestone’thinbedded @ © & & © 8 © e o & & & 6 8 & e » 200%

Hickory Creek shalé— member
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Shale, olive green, with thin punky limestone at base . . 2.5
Merriam limestone member
Upper limestone unit

4o Limestone, medium dark gray (Ni), weathers medium gray
(N5); very fine-grained, dense; massive; common worm
borings filled with ferruginous clay; common crinoid
COLUMNAIS o o o o o o o ¢ o o o o s o o a o o s o s L2

Shale bed

3. Shale, olive gray (5Y4/l), weathers light olive gray
J (5Y6/1); limy, papery; rare brachiopods « « « « o o 0.2

Lower limestone wnit

2. Limestone, medium light gray (N6), weathers medium
dark gray (N4); fine~mgrained, dense; massive; upper
contact even; common crinoid columnals, rare
fusu]inids L) L2 L] L] . L 2 °* * - L) * - L] L ) * - L ] > L ] L ] 1.2

1, Limestone, medium light gray (Né) weathers medium dark
gray (N4); aphanitic, dense; massive; common veinlets
of dense gray dolomite; common crinoid columnals,
rare thin fusulinids, common brachiopods . . « . o 2.6

Total Merriam limestone member . . o 5.2
Bonner Springs shale

Shale, olive green, sandy, laminated o+ o o o o o o o o o o 40.0F

—

"~

. Locality 483 NB%, SWi, Sec. 34, T. 20 S., R. 19 E., Anderson County;

—
———

measured in road cut on new road northeast of bridge.
.

r . Thickness {
R Feet

Plattsburg formation




o P

Spring Hill limestone member

Limestone, thin bedded in upper three feet; massive,
very fine-grained, dense, fossiliferous in lower
1.1 feet; weathers dusky yellow (5Y6/4) « v v o « o o «

Hickory Creek shale member

Shale, upper half dark yellowish orange (10 YR6/6),
weathers grayish orange (10YR7/4); lower half olive
gray (5Y4/1), light greenish gray (5G8/1), and moderate
olive brown (5Y4//) not interlaminated; weathers light
olive gray (5Y6/1); 1imy, DAPETY o o o o o o o o o o o

Merriam limestone member
Upper limestone unit

3. Limestone, light gray (N7), weathers dusky yellow
(5Y6/4); aphanitic, dense; massive; upper contact
even; common worm borings filled with ferruginous
clay; common veinlets of dense gray dolomite;
common crinoid columnals o« o o ¢« ¢ o o o o o 0 o o

Shale bed

2. Shale, moderate yellowish brown (10YR5/.), weathers
moderate yellow (5Y7/6); limy, hard, irregular lime-
stone stringer at top of unit becomes lower half of
unit 3 at places; lower 0.1 foot olive gray (5Y4/1),
light greenish gray (5G8/1), and moderate olive
brown (5Y4/4) not interlaminated, weathers light
olive gray (5Y6/1); 1imy .« ¢ « @ « o o o o s o« « o

Lower limestone unit

1. Limestone, light gray (N7) in upper two-thirds, lower
one-third greatly weathered, weathers dusky yellow
(526/4); fine~ to medium-grained; massive; common
veinlets of dense gray dolomite; prominent vertical
jointing; moderate yellowish brown (10YR5/4) clay
pebbles common throughout unit giving pitted weather-

. ing in places; lower 0,1 foot conglomeratic and

grading into underlying unit; abundant crinoid
columnals, rare fusulinids, rare brachiopods at top
of unit; unit thins to shaly rubbly limestone and
1imy Sh ale . - L L] L . . - L] L L3 L] [ ] L . L2 L 3 L] ] L]

Total Merriam limestone member . « »

Bonner Springs shale -

Shale, pale olive (10Y6/2), weathers same; leminated,

A=
/&7

4o1f

0.4

Oo4-

1.5 - 0.2

203 - 100

sandy; with some interlaminated blue shale .« « o« o « » o 15,0 {

kY
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Locality 49. SB}, SE}, Sec. 4, T. 21 8., R. 19 E., Anderson County;

measured Iin road cut just east of creek,

Thickness
Feet

Plattsburg formation
Spring Hill limestone member

Limestone, light olive gray; thin irregular beds; very
fosgiliferous, especially crinoid columnals . . + . « o 15,0/ Y

Hickory Creek shale member

Shale, moderate yellowish brown (10YR5/4), weathers pale
olive (10Y6/2); Limy, Papery « o o o o o o ¢ o o o s o 047

Merriam limestone member
Upper limestone unit

L. Limestone, light gray (N7), weathers very light gray
(N8); very fine-grained; massive but appears nodular
from blasting; abundant worm borings filled with
ferruginous clay; abundant veinlets of dark crystal-
line dolomite; rare crinoid columnsls; poorly
exposedoooaoononooo-ooooooooo 100

Shale bed

3, Shale, moderate yellowish brown (10YR5/4), weathers
pale olive (10Y6/2); limy, papery; poorly exposed . 0.2

Lower limestone unit 5
2, Limestone, light olive gray (5Y6/1), weathers dusky

yellow (5Y6/4); fine-grained; massive; common
robust fusulinids, common crinoid columals . « « o« 0.5
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1. Limestone, light gray (N7) in upper part, medium
light gray (N6) in lower part, weathers dusky
yellow (5Y6/4); upper part aphanitic, dense;
abundant veinlets of dark crystalline dolomite;
rare fusulinids, common brachiopods; lower part
fine~ to medium~grained, suboolitic; common
Osagias unit massive with prominent vertical
jointing; crinoid columnals sbundant near base
and common in rest of NIt . . o o o 4 o 4 &« o o o Lol

Total Merriam limestone member « » « 268

Bomner Springs shale
Shale, pale olive (10Y6/2), weathers same; sandy, laminated;

five feet below top of unit is interbedded sandy shale
and massive to thin bedded sandstone about 30 feet thick. 35,0/

Locality 50. SWE, NWi, Sec. 13, T. 21 S., R. 19 E., Anderson County;
measured in road cut south of bridge.

Thickness
Feet

Plattsburg formation
Spring Hill limestone member
Limestone, brittle, weathers white; thin irregular beds;
lower 0.8 foot weathers dusky yellow (5Y6/4); fine-
grained, somewhat earthy; very fossiliferous o « ¢ « o 3.04

Hickory Creek shale member

Shale, moderate yellowish brown (10YR5/4); covered,
c}-ayay L ] . L] L ] L] - * L] L 2 L] » L] L2 L L] * L4 L] L4 - L] L] . o * 0 'l

Merrism limestone member
Upper limestone unit

5, Limestone, light olive gray (5Y6/1), weathers mainly
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light gray (N7); aphanitlic, dense; massive; abundant
worn borings filled with ferruginous clay; pitted
weathering; common small grains of dense gray dolo-
mite; rare brachiopods, common crinoid columnals . . 0.5

Shale bed

4o Shale, olive gray (5Y4/1), light greenish gray (5G8/1),
and moderate olive brown (5Y4/4) not interlaminated,
weathers light olive gray (5Y6/1); limy, papery;
POOTLY ©XPOSEA 4 o o o o o « o ¢ o o o o v o o o o 0.3

Lower limestone unit

3. Limestone, light olive gray (5v6/1) s weathers dusky
yellow (5Y6/4) end medium gray (N5); aphanitic,
dense; massive; common vertical jointing; common
spots and veinlets of dark crystalline dolomite;
common worm borings filled with ferruginous clay
at top of unit; abundant fusulinids, common horn
corals, common crinoid columnals .+ « o« ¢ o o o o ¢ 0.4

2. Limestone, light olive gray (5Y6/1), weathers dusky
yellow (5Y6/4); fine-grained; massive; very
abundant small robust fusulinids, abundant crinoid
col‘mnals L) [ ] . L] - * L] [ 4 L ] * - L d ® - * L] L] L] L] * [ 2 0.3

1. Limestone, medium gray (N5) s weathers dusky yellow
(5¥6/4); fine- to medium-gralned; massive;
prominent vertical jointing; contacts fairly
even; rare ramose bryozoans, abundant crinoild
columnals, small robust fusulinids common at
base but rare in remainder of unit, common QOsagia
at top; tnit poorly €Xposed + o« o o o o ¢ o o o o o 1O

Total Merriam limestone member . « » 245
Bonner Springs shale
Shale, medium bluish gray (5B5/1), weathers light bluish

gray (5B7/1); silty, hard; upper three feet grayish
olive (10Y4/2), covered, sandy, hard .« ¢ ¢ ¢ o o ¢ o o 10.04
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Locality 51. NWi, SEz, Sec. 6, T. 21 8., R. 20 E., Anderson County;
measured in road cut on U. S, Highways 59 and 169 just south of bridge,

Thickness
Feet

Plattsburg formation
Spring Hill limestone member

Limestone, light gray (N7), weathers olive gray (5Y4/1)
to grayish orange (10YR7/4); massive but weathers
into thin to thick irregular beds with the shale
parting above lower 1.5 foot bed; abundantly
£osSiliferous « o v o o ¢ « ¢ o o ¢ ¢ o o o o o 0 o o o 15,0

Hickory Creek shale member

Shale, olive gray (5Y4/1), light preenish gray (5G8/1),
and moderate olive brown (5Y4/4) not interlaminated,
weathers light olive gray (5Y6/1); limy, papery; one
inch punky limestone stringer near top o« ¢ ¢« ¢ o« ¢ » » 0.3

Merriam limestone member
Upper limestone unit

3. Limestone, light olive gray (5Y6/1) in upper part,
medium gray (N5) in lower part, weathers yellowish
gray (5Y7/2); aphanitic, dense; massive; pitted
weathering; upper contact falrly flat; common spots
and veinlets of dark crystalline dolomite; abundant
worm borings filled with ferruginous clay; rare
elongate fusulinids, common crinoid columnals,
common small brachiopods « o« ¢ ¢ o o o ¢ o o ¢ o o 1O

Shale bed

2. Shale, olive gray (5Y4/1), light greenish gray (5G8/1),
and moderate olive brown (5Y4/4) not interlaminated,
weathers light olive gray (5Y6/1); limy, papery;
common small open folds with vertical planes; lower
contact even, upper contact only slightly irregular 0.2

Lower limestone unit

1, Limestone, light gray (N7) in upper one-half, medium
dark gray (N4) in lower one-half, weathers
yellowish gray (5Y7/2), commonly yellowish brown
beneath the surface especially in lower half of
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mit; very fine-grained, dense; massive; prominent
vertical jointing; suggary texture in middle and
somewhat granular at top; common spots of dark
crystalline dolomite near top; lower O.l foot

slightly conglomeratic with small sandy shale

pebbles, grades into underlying unit; rare

brachiopods, common crinoid columnals, common

small fusulinids in lower part and near top of

unit, common Osagis above middle of mnit . . « o« o 2.2

Total Merriam limestone member . . « 3.4
Bonner Springs shale
Shale, medium bluish gray (5B5/1), weathers light bluish
gray (5B7/1); silty, laminated; upper O.4 foot is dusky

yellow green (5GY5/2), weathers light greenish gray
(56Y8/1); silty, laminated o « o o o o o o o o o o » o o 15,04

Locality 52. SEf, SW, Sec. 17, T. 21 S., R. 20 E., Anderson County;
measured in road cut just north of road junction.

Thickness
Feet

Plattsburg formation
Spring Hill limestone member

Limestone, thin to thick irregular beds, sbundantly
fOSSiliferouS . . L] o ° * » . L] [ * ° . - L ] [ ) * » L] ° L ] 8.0%

Hickory Creek shale member

Shale, covered, yellow, 1imy o« « « o ¢ ¢ o o o o o o oo 03
Merriam limestone member

Upper limestone unit

4. Limestone, olive gray (5Y6/1), weathers dusky yellow
(5Y6/4); aphanitic, dense; massive; abundant veinlets



of dark crystalline dolomite; abundant worm bor-
ings filled with ferruginous clay; common crinoid
cOlmnnals . L - - ® - L ] L ] * * * * L] L L] ® L d . ° *

Shale bed

3. Shale, olive gray (5Y4/1), light greenish gray
(568/1), and moderate olive brown (5Y4/4) not
interlaminated, weathers light olive gray (5Y6/1);
limy, papery; common small open folds with vertical
PLan@s .+ o o o o o o o o s o s o o o s o 8 o s s o

Lower limestone wnit

2. Iimestone, light gray (N7), weathers dusky yellow
(5Y6/4); very fine-grained, somewhat granular;
massive; rare worm borings filled with ferruginows
clay; common fusulinids, common erinoid columnals .

1. Limestone, light gray (N7), weathers dusky yellow
(516/4); very fine-~grained, dense; massive;
prominent vertical jointing; common veinlets of
dark crystalline dolomite; common small fusulinids,
rare Osagla, common crinoid columnals « « « « o o o

Total Merrlam limestone member . . «

Bonner Springs shale

Shale, coveréd, interlaminated dusky yellow green and blue,
Silty, 1ami-nated L * o L4 * > L] L] * L 4 [ ] e * L] L4 - L 4 * L] L]

County; measured on gravel road 0.35 mlle west of dirt road.

173

0.2

0.4

1.2
2.5

10.04

Locality 53. SBi, SWi, SE, See, 35, T. 21.S., R, 20 E., Anderson

Thickness

Flattsburg formation

Spring Hill limestone member

-

Feet
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Limestone, thin irregular bedS . « ¢« o o « o « s « « o o NN,
Hickory Creek shale member
Shale, covered .« v ¢ o o o o o s o o ¢ ¢ s ¢ o o o o o o Umm,
Merriam limestone member
Upper limestone unit
L. Limestone, light gray (N7), weathers very light gray
(N8); fine-grained, dense; massive bub weathers to
nodular rubble; pitted weathering; common veinlets
of dark crystalline dolomite; abundant worm borings
filled with ferruginous clay; common crinoid
COlumnals . . . * s L) . e s * o LI } * o * » . . e L] 100

Shale bed

3N

3. Shale’ Govered e o e o - ] . L4 » . - . & o - . L I 2 o.
Lower limestone unit

2, Limestone, medium light gray (N6), weathers olive gray
(5Y¥4/1); fine~ to medium~grained, somewhat granular;
masgive; common vertical joinking; upper contact
fairly irregular; common small robust fusulinids,
abundant crinoid columnals, rare QOsagia in upper
PAPE o o o o o o o « o 0 o o s o e o e o e s s o s Ra2

1. Limestone, medium light gray (N6), weathers dusky
yellow (5Y6/4); fine-grained, somewhat earthy,
suggary texture; massive; distinctly separated
from overlying wnit; even contacts; common crinoid
columnals, rare horn corals near top . « « « « o« o 0.7

Total Merriam limestone member « « ¢ 4.0
Bonner Springs shale

Shale, olive gray, with sandstone in upper part; blue in
10‘161‘ part L] L4 [ 2 L L ] . L ] ° L L] ° . -] L] . L 2 L 2 * . L] L) * lo * O%
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Locality 54. SWi, SWi, Sec. 7, T. 22 S., R. 21 E., Anderson County;

-~

measured in road cut 0.3 mile north of road junction.

Thickness
Feet

Plattsburg formation

Spring Hill limestone member

Limestone, light olive gray, weathers light gray (N7);
thin irregular beds, abundantly fossiliferous . . » » . 6.0£

Hickory Creek shale member

Shale, light olive gray; limy, papery; punky yellow
limestone 0.4 foot thick at base

L - L] L] L] L L] L] L] L] L] O.S

Merriam limestone member
Upper limestone unit

3. Limestone, light gray (N6) in upper half, medium
light gray (N7) in lower half, weathers light gray
(N7); aphanitic, dense; massive; pitted weathering
in places; common spots and veinlets of dark
crystalline dolomite in upper part; common worm
borings filled with ferruginous clay especislly in
lower part of wmit; rare small robust fusulinids,
common crinoid columnals, very rare Osagia at top » 1.3

Shale bed

2. Shale, olive gray (5Y4/1), light greenish gray (5G8/1),
and moderate olive brown (5Y4/L) not interlaminated,
weathers light olive gray (5Y6/1); limy, papery; V
common small symmetrical folds with vertical planes; [
rare brachiopods and limestone npdules in upper 0,05 0
foot L] ° - . * L3 * L] L L ° L a - ® . L ] » - L] * . * 02

Lower limestone unit

1, Limestone, medium light gray (N6), weathers dusky
yellow (5Y6/4); fine-grained, more granular toward
base; weathers to yellowish brown beneath surface;
common small robust fusulinids, common Osagia at
top; upper 0.4 foot with Osegia weathers somewhat
differently and lighter; lower 0.l foot slabby,
conglomeratic with a sandy shale pebbles . « « o o« 1eb

Total Merriam limestone member o « o 3ol
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Bonner Springs shale &-177
Shale, upper 5.5 feet with olive gray (5Y4/1) silty shale -
at top weathering light olive gray, underlain by thin .
bedded ripple-marked sandstone; remainder of unit is !

shale, medium bluish gray (5B5/1), weathers light
bluish gray (5B7/1); silty, Platy o o o o o « o o « o« o o 18,0

Locality 55, SEi, SEf, Sec. 25, T. 22 S,, R. 20 E., Anderson County;

measured in road cut 0.2 mile north of roed junction.

Thickness
Feoet

Plattsburg formation
Spring Hill limestone member

Limestone, thin irregular beds, very fossiliferous,
abundant brachiopods at the DaSE o o o o s « o o o « o 4eOf

Hickory Creek shale member

Shale, light olive gray; papery, limy; weathers to papery
froths at base is punky limestone 0.2 foot thick,
weathers to nodular 2ubble & v ¢ ¢ o o o ¢ o o o o o « o 0,8

Merriam limestone member
Upper limestone unit

3, Limestone, medium light gray (N6), weathers light
gray (N7) and dusky yellow (5Y6/4); aphanitic,
dense; massive; prominent vertical jointing;
common veinlets of dense gray dolomite; abundant
worm borings filled with ferruginous clay;
conmon crinoid columnals, common brachiopods in
lowerone—thirdoflmit.............. 192

Shale bed
2, Shale, olive gray (5Y4/1), light greenish gray



177

(5G8/1), and moderate olive brown (5Y4/4) not inter-
laminated, weathers light olive gray (5Y6/1); limy,
papery; poorly exposed . ¢ o « o o v o o ¢ o o o o 02

Lower limestone uwnit

1. Limestone, medium light gray (N6), weathers light gray
(N7); very fine-grained, dense, more granular at
base; massive; vertical jointing not prominents
upper contact even; common crinoid columnals, small
robust fusulinids very abundant at base and common
throughout rest of tnit o+ & o ¢ o ¢ ¢ v ¢ ¢ o o « o 19

Total Merriem limestone member . . » 3.3

Bonner Springs shale

Shale, blue and olive gray with thin bedded sandstone in
upper part as at Locallty 54; upper two feet covered . . 10.04

Locality 56. SWi, SWi, Sec. 8, T, 23 S., R, 19 E., Anderson County;

neasured on road.

Thickness
Feet

Plattsburg formation
Spring Hill limestone member and Hickory Creek shale member

CO'VGI"ed *» o o o o L] . e * @ s o L4 . . & © 6 © & & * ¢ . m.

Merriem limestone member

Upper limestone unit

3., Limestone, wvery light gray (N8), weathers light gray
(7); very fine-grained, dense, suggary texture;
messive bubt weathers to thin irregular beds; lower
and upper contacts concealed; common veinlets of
dark crystalline dolomite; rare worm borings filled



178
with ferruginous clay; common crinoid columnals,
cormon brachiopods o « « o « o ¢ s o o o o o o o 1.6%
Shale bed
Re Shale, cOvered . o o o ¢ o o o « o« o ¢ s o o o o o o 0.27;(
Lower limestone unit
1, Limestone, medium light gray (Né), wegthers dark
yellowish orange (10YR6/6); fine-grained, more
granular toward base; massive; common veinlets of
dark crystalline dolomite; common Osagis, rare
brachiopods, poorly exposed ¢ v ¢« « « o « + o s o o L1ob
Total Merriam limestone member . » o 347

Bonner Springs shale

Shale, dusky yellow green (5GY5/2), weathers light greenish
gray (5GY8/1); silty, laminated; five feet exposed . . , umm,

Locality 57. Center NWf, Sec. 20, T. 24 S., R. 18 B,, Allen County;
measured in road cut at road junction,

Thickness
Feet

Plattsburg formation
Spring Hill limestone member
Limestone, thin bedded, slabby o ¢ o ¢ ¢ o ¢ o o o o o o 2,04
Hickory Creek shale member
Shale, covered, yellow, nodular « « « « « « o o o « » o o 203
Merriam limestone member

Upper limestone unit
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© 2, Limestone, medium light gray (N6), weathers light
gray (N7) and dusky yellow (5Y6/4); fine~ to
medivm~grained granular in places; massive;
abundant thin irregular close-spaced layers of
yellow ferruginous clay give laminated appearance
to rock; at top of unit is thin slabby weathering
zone; common brachlopods, common crinoid columnals;
POOTLY €XPOSEA & ¢ 4 o o + s o o o o o o v o o o o 1.07-5

Lower limestone wnilt
1. ILimestone, light olive gray (5Y6/1), weathers light
gray (N7); medium-grained, granular; massive;
common irregular yellow clay laminae throughout;
rare brachiopods, common erinoid columnals; O’Z
poorlyexposed..o......e...-.... l.—
Total Merriam limestone member o . o 200
Bonner Springs shale

Shale’ COVGI‘ed ; L] o ° L[] L] ° o L] L[] ° ® o * * * * L] * [ L] ® unm-.

Locality 58, Northwest corner Seec. 2, T. 25 S., R, 18 E., Allen County;
measured in ¢ld shale quarry (Lake Bassola), Basset, Kansas.

Thickness
Feet

Plattsburg formation

Spring Hill limestone member

Limestone, thin to thick irregular beds; very fossiliferous
with sponges in lower part; common shaly partings . . . 3.

Hickory Creek shale member

Shale, blue, papery, limy, in upper 0.8 foot; limestone,
shaly, platy, rubbly, in lower 0.5 f00t o o « o ¢ o o o 13

Merriam limestone member .
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Upper limestone unit

3. Limestone, medium light gray (N6), weathers dusky
yellow (5Y6/4); aphanitic, dense; massive; common
spots of dark crystalline dolomite; prominent
vertical jointing; common small worm borings filled
with ferruginous clay; azbundant large crinoid
columnals, cammon brachiopods, common calcareous
algae @ L] [ 2 L d L ] L] ® . L L ] L] L] L ) * ® L] L 4 L) L - L ° - 057

Shale bed

2. Shale, moderate yellowish brown (10YR5/4), weathers
yellowish gray (5Y7/2); limy, papery; common small
marly limestone nodules; common nodules of clay
Sha]-e L * [ * . L] o * ® L ] L L] L - . ° L] - L 4 * L L] - O.z

Lower limestone uni'b

1, Limestone, moderate yellowish brown (10YR5/4) in upper
half, greenish gra (5GY8/1) in lower half, weathers
dusky yellow (5Y6/Z,}; upper half fine-grained, dense;
somewhat slabby weathering, greatly weathered; lower
half marly, continuous with upper half of unit and
grades into underlying unit; abundant crinoid
colummals, common brachiopods, rare sponges only
locally COMMON o wre o o o o o o o s o o o o o o o 07

Total Merriam limestone member .  « 1.6
Bonner Springs shale

Shale, light bluish gray (5B7/1), weathers same; silty;
upper 0.3 foot limy with limestone nodules . « o « o « » 35.04

I

14

f’ / +
Locality ?59. NEg, Sec, 18, T. 2/9 S., R. 16 E., Wilson County; measu:}red

4 i3 . - 7
in lower road cut on Kansas Highway 47 WGS‘E’ of Altoona. /

/ .
7/ . Thickness

. ,' Feet
r

4

Flattsburg formation .
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Spring Hill limestone member

Limestone, massive, thick irregular beds; very fossil-

iferous with abundant sSponges « « « o ¢ ¢ ¢ o o o o o » U,
Hickory Creek shale member
Limestone, thin bedded with shale partings, in the upper ’
part; shale, blue, papery, in middle of unit; and shals,
mm.

blue, very limy and fossiliferous, in lower part . . .

Merriam limestone member

Upper limestone unit

Limestone, mediwm gray (N5), weathers dusky yellow
(5Y6/4); fine-grained; massive; weathers to earthy
appearance; fossiliferous with common brachiopods,
common crinoid columnals, common fenestrate and ramose

bryozoans; bed is very irregular in thickness and
stratigraphic position .« ¢ v ¢« ¢ ¢ v ¢ ¢« o o + o o« o o 0.8 =02
" Tobal Merriam limestone member . . o 0,8 = 0.2

Bonner Springs shale ‘

Shale, medium dark gray (N4), weathers light bluish gray
(5B7/1); silty, nodular; cammon limestone nodules near o
15.

top L] L ] * * * ° . * - L L 4 . L] L 4 L] L4 . . L ] L4 L] L L ] . . ° ®

f Locality 60. SW%; SEz, Sec. 23, T. 30 S., R. 15 E,, Wilson County;

measured in road cut on Kaqéas Highway 96.

Thickness
Feet

Plattsburg formation /
Spring Hill limestone member
Limestone, thick bedded; pd@rly fossiliferous; shaly

i +
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vj‘ r
limegtone in lower part, very fossiliferous with
abundant sponges; poorly exposed « o« 4 ¢ ¢ o ¢ o o o o 4?.0%
/ ,

¢

3

Hickory Creek shale member

Shale, gray, calcareous; common interbedded shaly 3
limestone; fossiliferous; poorly exposed . . ¢ ¢« o o o 10.0/

Merriam limestone member ’ .
Upper limestone unit

Limestone, dark yellowish brown (10YR4/2), weathers’
grayish orenge (10YR7/4); aphanitic, dense; weathers
slabby; very fossiliferous with abundant sponges,
abundant. crinoid columnals, common brachiopods, and
rare fenestrate bryozoans; contacts concealed; poorly
e}mosed . 9 ° * L] ° L d o L L 4 L] L ] L] * E * L ] .' d o ® * L ] @ L4 l . f

F
Bonner Springs shale '

Shale, light tan, silty, unfossiliferous .« . . . « ¢« o« o o un,

7 }/
+

s
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APPENDIX B

CONSTITUENTS OF THE COARSE FRACTIONS OF THE INSOLUBLE RESIDUES FROM

THE MERRIAM LIMESTONE MEMBER

2Ca

2Cb

90%
10%

50%
40%

10%

50%
40%

10%

95%
3%
2%

Rare

50%.
40%

10%

arenaceous foraminifer tests and fragments

quartz sand grains, loose, subrounded to angular, etched,
milky and orange, up to 0,1 millimeter in diameter

quartz, clear, anhedral, loose, up to one millimeter in
diameter

interstitial silica, white, fine-grained, dolomoldic,
with scattered dolomolds

chert, blue, smooth, ordinary, ummodified

glauconite.

arenaceous foraminifer tests and fragments

quartz sand grains, loose, subrounded to angular, etched,
milky, up to 0.45 millimeter in diameter

chert, white, smooth, porcelaneous, unmodified

chert, milky, smooth, chalcedonic, dolamorphic

chert, gray, smooth, chalcedonic, unmodified

beekite, white, replacement of discoid foraminifers

quartz, clear, subhedral to anhedral, loose

white mica, small flakes.

arenaceous foraminifer tests and fragments

quartz sand grains, loose, subrounded to angular, etched,
milky, up to 0.45 millimeter in diameter

chert, white, smooth, porcelaneous, ummodified

beekite, white, replacement of discoid foraminifers

quartz, clear, anhedral, loose

mica flakes, clear

mica flakes, black

silt aggregates.

silt aggregates, mostly discoid, rarely bean-shaped,
diameter up to 0.25 millimeter, length up to 0.45 milli-
meter

arenaceous foraminifer tests and fragments

quartz sand grains, loose, subrounded to angular, etched,
milky, up to 0.45 millimeter in diameter

brachiopod spines.

silt aggregates, mostly disceid, some irregular

quartz sand grains, loose, subrounded to anguler, etched,
milky, up to 0.45 millimeter in diameter

arenaceous foraminifer tests and fragments



3A

3B

3C

Rare
50%
40%
10%

Rare

70%
10%

10%
10%

Rare

80%
10%

5%

5%
Rare

70%
20%

5%
3%
2%
70%
20%
10%

Rare

184

quartz, clear, anhedral, loose
chert, blue, smooth, ordinary, ummodified.

arenaceous foraminifer tests and fragments

quartz sand grains, loose, subrounded to angular, etched,
milky, up to 0.15 millimeter in diameter

interstitial silica, white, fine-grained, dolamoldic, with
scattered dolamolds

vhite mica flakes

quartz, clear, anhedral loose

beekite, white, nodular and discoid.

arenaceous foraminifer tests and fragments

quartz sand grains, loose, subrounded to angular, etched,
milky, up to 0,25 millimeter in diameter

beekite, white, nodular

interstitial silica, white, fine-grained, dolomoldic, with
scattered dolomolds

quartz, clear, anhedral, loose

white mica flakes

pyrite fragments.

arenaceouws foraminifer tests and fragments

quartz sand grains, loose, subrounded to angular, etched,
milky, up to 0,1 millimeter in diameter

interstitial silica, white, fine-grained, dolomoldic, with
scattered dolamolds

beekite, white, nodular

quartz, clear, anhedral, loose

811t aggregates

brachiopod spines

glauconite,

arenaceous foraminifer tests and fragments

quartz sand grains, loose, subrounded to angular, etched,
milky and rarely orange, up to 0.3 millimeter in diameter

interstitial silica, white, fine-grained, dolomoldic, with
scattered dolamolds

quartz, clear and orange, anhedral, loose

beekite, white, fossil replacement

gilt aggregates.

arenaceous foraminifer tests and fragments

quartz sand grains, locse, subrounded to angular, etched,
milky and orange, up to 0.2 millimeter in diameter

interstitial silica, white, fine-grained, dolomoldic, with
scattered dolomolds

quartz, clear, anhedral, loose

beekite, white, replacement of discoid foraminifers

silt aggregates

chert, smooth, chalcedonic, unmodified,
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( 50‘
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80% arenaceous forsminifer tests and fragments
15% quartz sand grains, loose, subrounded to angular, etched,
milky and orange, up to 0.1 millimeter in diameter
5% interstitial silica, white, fine-grained, dolomoldic, with
scattered dolomolds
Rare quartz, clear, anhedral, loose
beekite, white, fossil replacement
white mica flakes
gilt aggregates.

75% silt aggregates, dark brown, up to 0.6 millimeter in
diameter
20% arenaceous foraminifer tests and fragments
5% quartz sand grains, loose, subrounded to angular, etched
milky, up to 0.2 millimeter in diameter ’
Rare quartz, clear, subhedral to anhedral, looge
chert, blue, smooth, ordinary, unmodified,

80% silt aggregates, light brown, up to 0.5 millimeter in
diemeter
20% arenaceous foraminifer tests and fragments
Rare quartz sand grains, loose, subrounded to angular, etched,
milky, up to 0.l millimeter in diameter
white mica flakes
pyrite, botryoidal
chert, blue, smooth, ordinary, etched.

o ey

90% silt aggregates, white, up to one millimeter in diameter
10% arenaceous foraminifer tests and fragments
Rare white mica flakes,

6B

66

————

80% arenaceous foraminifer tests and fragments
10% quartz sand grains, loose, subrounded to angular, etched,
milky, up to 0.25 millimeter in diameter o
39 beekite, white, fossil replacement, especially discoid
foraminifers
2% interstitial silica, white, fine-grained, dolomoldic, with
scattered dolomolds
5% quartz, clear, anhedral, loose
white mica flakes
silt aggregates

75% quartz sand grains, loose, subrounded to gngu}ar, etched,
milky and orange, up to 0.1 millimeter in diameter

10% arensceous foraminifer tests and fragments )

10% interstitial silica, white, fine-grained, dolomoldie, with
scattered dolomolds ‘ .

5% beekite, white, replacement of discoid foraminifers

Rare quarbz, clear, anhedral, loose, up to 0,5 millimeter in

diameter
gilt aggregates - .
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80%
10%
10%

Rare
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chert, blue, smooth, ordinary, unmodified.

5

silt aggregates

arenaceous foraminifer tests and fragments

quartz sand grains, loose, subrounded to angular, etched,
milky, up to 0.1l millimeter in diameter

interstitial silica, white, fine-grained, dolomoldic, with
scattered dolomolds.,

o4

116

11D*

N

E‘*‘“P

80%
10%
10%

Rare

60%

20%
10%

5%
5%

silt aggregates

arenaceous foraminifer tests and fragments

quartz sand grains, loose, subrounded to angular, etched,
milky, up to 0.3 millimeter in diameter

interstitial silica, white, fine-grained, dolomoldic, with
scattered dolomolds

white mica flakes

chert, dark yellow, anhedral, loose, 0,1 millimeter long.

arenaceous foraminifer tests and fragments

interstitial silica, white, fine-grained, dolomoldic, with
scattered dolomolds

quartz sand grains, loose, subrounded to angular, ebched,
milky and orange, up to 0,25 millimeter in diameter

silt aggregates

quartz, clear and orange, anhedral, loose, up to 0,25
millinmeter in diameter

white mica flakes._

pyrite, botryoidal

glauconite

* chert, blue, smooth, ordinary, unmodified.

60%
20%
20%

Rare

beekite, white, nodules and fossil replacement

arenaceous foraminifer tests and fragments

interstitial silica, white, fine-grained, dolomoldic, with
scattered dolomolds

quartz sand grains, loose, subrounded to angular, etched,
milky, up to 0.1 millimeter in diameter.

60%

20%
20%
Rare

50%
30%
20%

quartz sand grains, loose, subrounded to angular, etched,
milky, up to 0.3 millimeter in diameter

arenaceous foraminifer tests and fragments

silt aggregates

quartz, clear, anhedral, loose

chert, red, smooth, ordinary, etched.

silt aggregates ’
quartz sand grains, loose, subrounded to angular, etched
arenaceous foraminifer tests and fragments

Rare interstitial silica, white, dolomoldic, with scattered

dolomolds



white mica flakes
chert, blue, smooth, ordinary, unmodified.

quartz sand grains, loose, subrounded to angular, etched,
milky, up to 0.3 millimeter in diameter

arensceous foraminifer tests and fragments

chert, white, smooth, ordinary, dolomoldiec, with scattered

chert, blue, smooth, ordinary, unmodified.

arenaceous foraminifer tests and fragments

quartz sand grains, loose, subrounded to subanguler, sub-
spherical, etched, milky, up to 0,3 millimeter in

interstitial silica, white, fine-grained, dolomoldic, with

arenaceous foraminifer tests and fragments

quartz sand grains, loose, subrounded to subangular, etched,
milky, up to 0,1 millimeter in diemeter.

quartz sand grains, loose, subrounded to subangular, etched,
milky, up to 0,3 millimeter in diameter

arenaceous foraminifer tests and fragments

chert, white, smooth, ordinary, ummodified.

arenaceous foraminifer tests and fragments

quartz sand grains, loose, subrounded to subangular, etched,
milky, up to 0.3 millimeter in diameter

chert, blue to black, smooth, ordinary, unmodified.

arenaceous foraminifer tests and fragments
interstitial silica, white, fine-grained, dolomoldic, with

chert, blue, smooth, ordinary, unmodified

arenaceous foraminifer tests and fragments
quartz sand grains, loose, subrounded to subangular, etched,
milky, up to 0,5 millimeter in diameter

. 16Bb 80% silt aggregates
e 19%
) 1%
{ Rare
“ dolomolds
J/ / 16Be; 60%
e ” 35%
. diameter
. 5%
seattered dolomolds
white mica flakes
silt aggregates,
( 16C. 50%
N 50% silt aggregates
Rare
174 60% silt aggregates
25%
15%
Rare
7B 90%
8%
2% silt aggregates
Rare white mica flakes
glauconite
17¢  95%
L%
scattered dolomolds
1%
Rare quartz, clear, anhedral, loose
glauconite,
204  70%
10%

/187

/ Em
r



" 20B

200

R3A

23B

236

10%

10%

50%
30%
15%

5%

60%
10%

Rare

85%
10%

5%

50%
50%

Rare

50%
50%

Rare

188

pyrite, crystals and cubes as botryoidal masses, also as
sma}l fragments adhering to foraminifer tests and sand
grains

interstitial silica, white, fine-grained, dolomoldic, with
scattered dolomolds

quartz, clear, anhedral, loose

beekite, white, replacement of discoid foraminifers

white mica flakes,

silt aggregates )

arenaceous foraminifer tests and fragments

quartz sand grains, loose, subrounded to subangular, etched,
milky, up to 0.4 millimeter in diameter

quartz, clear, subhedral to anhedral, loose

beekite, white, replacement of foraminifers

white mica flakes

glauconite

pyrite aggregates,

silt aggregates

arenaceous foraminifer fragments

quartz sand grains, loose, subrounded to subangular, etched,
milky, up to 0.2 millimeter in diameter

quartz, clear, anhedral, loose

chert, blue, smooth, ordinary, ummodified

pyrite aggregates,

arenaceous foraminifer tests and fragments

quartz sand grains, loose, subrounded to subangular, etched,
milky, up to 0.3 millimeter in diameter

beekite, white, fossil replacement

white mica flakes

chert, smoky, smooth, ordinary, ummodified

quartz, clear, anhedral, loose

carbonaceous material fragment.

arenaceous foraminifer fragments with some tests

quartz sand grains, loose, subrounded to subangular, etched,
milky up to 0,3 millimeter in diameter

white mica flakes

glauconite

quartz, clear, anhedral, loose

chert, white to red, smooth, ordinary, unmodified

chert, smoky, smooth, ordinary, unmodified.

arenaceous foraminifer tests and fragments

quartz sand grains, loose, subrownded to subangular, etched,
milky to clear, up to 0.4 millimeter in diemeter

vhite mica flakes

beekite; white, replacement of discoid foreminifers

glauconite

—



139

chert, white to red, smooth, ordinary, unmodified
chert, brown, smooth, ordinary, unmodified
chert, blue, smooth, ordinary, wmmodified,

arenaceous foraminifer tests and fragments
interstitial silica, white, fine-grained, dolomoldic, with

quartz sand grains, loose, subrounded to subangular, etched,
milky, up to 0,25 millimeter in diameter

arenaceous foraminifer tests and fragments

quartz sand grains, loose, subrounded to subangular, etched,
milky, up to 0,1 millimeter in diameter

interstitial silica, white, fine-grained, dolomoldic, with

arenaceous foraminifer tests and fragments

beekite, white, fossil replacement

quartz sand grains, loose, subrounded to subangular, etched,
milky to clear, up to 0,2 millimeter in diameter

pyrite, botryolidal aggregates

interstitial silica, white, fine-grained, dolomoldic, with

arenaceous foraminifer tests and fragments

quartz sand grains, loose, subrounded to subangular, etched,
milky to clear, up to 0.1 millimeter in diameter

interstitial silica, white, fine-grained, dolomoldic, with

pyrite, replacement of small tubuler organisms.

hal

s

quartz sand grains, loose, subrounded to subangular, etched,
milky to clear, up to 0.l millimeter in diameter

arenaceous foraminifer tests and fragments

interstitial silica, white, fine-grained, dolomoldiec, with

arenaceous foraminifer tests and fragments

quartz sand grains, loose, subrounded to subangular, etched,
milky, up to 0.1 millimeter in diameter

pyrite, small grains

white mica flakes

glauconite,

268 99%
1%
scattered dolomolds
Rare
glauconite
white mica flakes,
26Ab  50%
50% silt aggregates
Rare
white mica flskes
scattered dolomolds.
26B 85%
5%
5%
5%
scattered dolomolds.
260 50%
40%
10%
seattered dolomolds
Rare glauconite
. 27B 88% silt aggregates
~ 10%
2%
Rare
scatbtered dolomolds
. white mica flakes,
. { 270 99% silt aggregates
M, 1%
Rare

"

[
;)



28AB

28Ca,

28Cb

285%#%

29A

29B

29C

31A

99%

Rare

99%
1%
Rare

95%
5%

Rare

90%
5%
Rare
80%
10%

10%
Rare

95%
5%
Rare

95%
5%
Rare

50%

190

silt aggregates

arenaceous foraminifer tests and fragments

quartz sand grains, loose, subrounded to subangular, etched,
milky, up to 0,05 millimeter in diameter

white mica flakes,

silt aggregates
arenaceous foraminifer tests and fragments
chert, red, smooth, ordinary, ummodified.

s8llt aggregates

arenaceous foraminifer tests and fragments

quartz sand grains, loose, subrounded to subangular, etched,
milky, up to 0.5 millimeter in diameter

white mica flakes.

gilt aggregates

arenaceous foraminifer tests and fragments

interstitial silica, white, fine-grained, dolomoldic, with
scattered dolomolds

quartz sand grains, loose, subrounded to subangular, etched,
milky up to O.1 millimeter in diameter.

silt aggregates, up to 0.5 millimeter in diameter

arenaceous foraminifer tests and fragments

quartz sand grains, loose, subrounded to subangular, etched,
milky, up to 0,3 millimeter in diaméter

quartz, clear, anhedrel, loose, etched, up to 0,5 milli~
meter in diameter

chert, gray, smooth, ordinary, etched

vhite mica flakes,

silt aggregates

arenaceous foraminifer tests and fragments

quartz grains, loose, subrounded to subangular, etched,
milky, up to 0,1 millimeter in diameter

interstitial silica, white, fine-grained, dolomoldic, with
scattered dolaomolds,

silt aggregates

arenaceous foraminifer tests and fragments

quartz sand grains, loose, subrounded to subangular, etiched,
milky up to O.,1 millimeter in diameter

interstitial silica, white, fine-grained, dolomoldic, with
scattered dolomolds

glauconite

chert, green, smooth, ordinary, ummodified

chert, blue, smooth, ordinary, unmodified.

silt aggregates, up to 0.2 millimeter in diameter, light
brown



31B

31C

324

32B

320

33Aa,

Rare

95%
5%
Rare
95%

5%

Rare

60%
35%
5%

Rare

50%
35%
10%

5%
Rare

70%
25%
5%

Rare

40%
40%

10%

5%
5%

91

quartz sand grains, loose, subrounded to subangular, etched,
milky, up to 0,1 millimeter in diameter

quartz, clear, anhedral, loose

white mica flakes.

silt aggregates, dark brown, up to 0.4 millimeter in dia-
meter

arenaceous foraminifer tests and fragments

quartz sand grains, loose, subrounded to subangular, etched,
milky, up to 0.05 millimeter in diameter,

sllt aggregates, dark brown, up to 0.4 millimeter in
diameter

interstitial silica, white, fine~grained, dolomoldic, with
abundant to scattered dolomolds

beekite, white, replacement of small crinoid stems

arenaceous foraminifer tests and fragments

quartz, clear, subhedral to anhedral, loose

brown chitinous-like material

chert, blue, smooth, ordinary, ummodified,

silt aggregates

arenaceous foraminifer tests and fragments

quartz sand grains, loose, subrounded to subangular, etched,
milky, up to 0.4 millimeter in diameter

white mica flakes

silt aggregates

arenaceous foraminifer tests and fragments

quartz sand grains, loose, subrounded to subangular, etched,
milky, up to 0.2 millimeter in diameter

interstitial silica, white, fine-grained, \dolomoldic, with
scattered dolamolds

white mica flakes,

silt aggregates

arenaceous foraminifer tests and fragments

quartz sand grains, loose, subrounded to subangular, etched,
milky, up to 0.2 millimeter in diameter

quartz, clear, loose, anhedral

white mica flakes

interstitial silica, white, fine~grained, dolomoldic, with
scattered dolomolds.

arenaceous foraminifer tests and fragments

quarbz sand grains, loose, subrounded to subangular, etched,
milky, up to 0.2 millimeter in diameter

pyrite, pyritohedrons, cubes, and aggregates, loose grains,
also adheres to some foraminifer tests

white mica flakes

interstitial silica,-white, fine-gralned, dolomoldic, with



334b

33B

336

43B

436

192

scattered dolemolds
quartz, clear, anhedral, loose

50% silt aggregates

40% arenaceous foraminifer tests and fragments

10% quartz sand grains, loose, subrounded to subangular, etched,
milky, up to O.1 millimeter in diameber

Rare white mica flgkes,

85% silt aggregates
10% arenaceous foraminifer tests and fragments
5% pyrite, botryoidal aggregates of samll grains
Rare quartz sand grains, loose, subrounded to subangular, etched,
milky, up to 0,2 millimeter in diameter
beekite, white, fossll replacement.

90% silt aggregates, up to 0.8 millimeter in diameter
5% arenaceous foraminifer tests and fragments
5% pyrite, botryoidal masses, and small tubes which are
probably crinoid stems
Rare quartz sand grains, loose, subrounded to subangular, etched,
milky, up to 0.2 millimeter in diameter
beekite, white, fossil replacement
chert, green, smooth, ordinary, unmodified.

55% arenaceous foraminifer fragments
40% pyrite, octohedrons, cubes, aggregates of grains up to four
millimeters in length )
5% quartz sand grains, loose, stbrounded to subangular, etched,
milky, up to 0.2 millimeter in diameter
Rare white mica flakes.

95% silt aggregates, light brown, up to 0,5 millimeter in
digmeter
5% arenaceous foraminifer tests and fragments and interstitial
silica, white, dolomoldic, with scattered dolomolds
Rare white mica flakes,

90% silt aggregates, light brown, up to 0,3 millimeter in
dismeter
5% arenaceous foraminifer tests and fragments and interstitial
silica, white, fine-grained, dolomoldic, with scattered
dolomolds
5% pyrite, aggregates of grains and small thin tubes
Rare quartz sand grains, loose, subrounded to subangular, etched,
milky, up to 0.5 millimeter in diameter
brown chitinous~-like material
chert, blue, smooth, ordinary, unmodified.

557 arenaceous roraminifer tests and fragments and interstitial
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silica, white, fine-grained, dolomoldic, with scatbtered

dolomolds . ol .
4L0% pyrite, aggregates of cubes and crystals po
5% quartz’sand grains, loose, subrounded to subangular, etched,!

milky to clear, up to 0,1 millimeter in dieameter ‘

Rare chert, white, smooth, ordinary, ummodified
white mica flakes.

A4LC 95% silt aggregates A-19
5% interstitial silica, white, fine-grained, dolomoldic, with
scattered to abundant dolomolds -
Rare arenaceous foraminifer tests and fragments.,

L4S¥% 954 gilt aggregates 5\
***** 5% arenaceous foraminifer tests and fragments .
interstitial silica, white, fine-grained, dolomoldic, with
scattered dolomolds v
quartz sand grains, loose, subrounded to subangular, etched, .
milky, up to 0.1 millimeter in diameter
brown chitinous-like material.

454 80% silt aggregates, light brown, up to 0.1 millimeter in
diameter
10% quertz sand grains, loose, subrounded to subangular, etched,
milky, up to 0,05 millimeter in diameter
5% interstitial silica, white, fine-grained, dolomoldic, with
scattered dolomolds and arenaceous foraminifer tests and
fragments
5% pyrite, laminar and as aggregates
Rare white mica flakes,

45B  35% silt aggregates, light brown, up to 0.2 millimeter in
diameter
35% quartz sand grains, loose, subrounded to subanguler, etched,
milky, up to O.1 millimeter in diameter
20% arenaceous foraminifer tests and fragments
10% white mica flakes
Rare chert, red, smooth, ordinary, unmodified
brown chitinous-like material
black mica flakes,

45C 95% silt aggregates, dark brown, up to 0.6 millimeter in
diameter
5% arenaceous foraminifer tests and fragments and interstitial
silica, white, fine~grained, dolomoldic,; with scattered
dolomolds
Rare white mica flakes
pyrite grains .
quartz sand, grains, loose, subrounded to subangular, etched,
milky, up to 0.05 millimeter in diameter
chert, blue, smooth, ordinary, ummodified.

1
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4801

30%
30%

30%
10%
Rare
60%
30%
10%
Rare
70%
20%

10%
Rare

90%

5%
5%
Rare
90%
5%

5%

/G4

silt aggregates, light brown, up to 0.3 millimeter in
diameter

arenaceous foraminifer tests and fragments and interstitial
silica, white, fine-grained, dolomoldic, with scattered
dolomolds

pyrite, small tubes, aggregates up to one millimeter in
length

quartz sand grains, loose, subrounded to subangular, etched,
milky, up to 0.1 millimeter in diameter

white mica flakes

brown chitinous-like material.

arenaceous foraminifer tests and fragments

silt aggregates, large, dark brown, and small, light browm

pyrite, botryo:.dal aggregates and laminar

quartz sand grains, loose, subrounded to subangular, etched,
milky, up to 0,05 millimeter in diameter.

silt aggregates, light brown, up to 0,2 millimeter in
diemeter

arenaceous foraminifer tests and fragments

pyrite, aggregates, botryoidal masses, and tubes

white mica flakes

brown chitinous-like material.

quartz sand grains, lecose, subrounded to angular, etched, \
mainly white bul also yellow and red stained, up to 0.1
millimeter in diameter

white mica flakes

chert, white to gray, smooth, ordinary, etched

glauconite

chert, brown, smooth, ordinary, ummodified.

P

silt aggregates, light brown, up to 0,3 millimeter in
diameter

arenaceous foraminifer fragments and interstitial silica,
white, dolomoldic, fine-grained, with scattered dolomolds

quartz sand grains, loose, subrounded to subangular, e'bched,
milky, up to 0,05 millimeter in diameter

pyrite aggregates
sponge spicules.

48AB2 This fraction differs from that of sample 48ABL only in the
presence of rare arenaceous foraminifer tests and rare light
brown silt aggregates.

4802

This

fraction is the same as that of sample 48Cl.

A9A

85%

silt aggregates, light brown, up to 0,1 millimeter in
diameter -
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15% quarbtz sand grains, loose, subrounded to subangular, etched,
milky, up to 0,05 millimeter in diameter
Rare white mica flakes
glauconite,
504 55% silt aggregates, light brown, up to 0.5 millimeter in
diameter
20% quartz sand grains, loose, subrounded to subangular, etched,
milky, up to 0,1 millimeter in diameter
15% pyrite, aggregates, botryoidal masses, thin tubes x&
10% arenaceous foraminifer tests
Rare white mica flakes
brown chitinous-like material,
50Bb 85% silt aggregates, light browm, up to 0.2 millimeter in
diameter
10% arenaceous foreminifer fragments and interstitial silica, .
white, fine-grained, dolomoldic, with scattered dolomolds
5% quartz sand grains, loose, subrounded to subangular, etched,
milky, up to 0.1l millimeter in diameter
Rare pyrite aggregates
white mica flakes.
500 807 silt aggregates, light brown, up to 0.1 millimeter in
diameter
20% arenaceous foraminifer fragments
Rare pyrite aggregates
white mica flakes,
5,AB 60% silt aggregates, light brown, up to 0.2 millimeter in A-20
diameter
30% arenaceous foraminifer tests, mainly tubular forms
10% interstitial silica, white, fine-grained, dolomoldic, with .
scattered dolamolds ’
Rare quartz sand grains, loose, subrounded to subangular, etched,
milky, up to 0.1 millimeter in diameter o
white mica flakes, 1
€
54C ' 89% silt aggregates, light brown, up to 0.2 millimeter in
~ - diameter
10% arenaceous foraminifer fragments
1% chert, blue, smooth, ordinary, unmodified
Rare beekite, white, fossil replacement.
e - kel i
58C 85% silt aggregates, light brown, up to 0.3 millimeter in
diameter
10% arenaceous foraminifer fragments and tubuler tests

5%

white mica flakes
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590 90% arenaceous foraminifer tests and fragpénts // Y
. 10% quertz sand grains, loose, subrounded to subangulér, e’oehed
milky; up to 0,05 millimeter :Ln,d:.ameter g -

“ Rare pyrite ‘aggregates and octohedron” 4
white’ mica flakes .

- -
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* Residue from limestone bed in the Hickory Creek member O@WW&W
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##% Residue from Spring Hill limestone member, \\

\

13

*%#%  Residues A8ABL and 48C1l are from the thick section of the Merriam \‘\
at Locality 48, vwhereas residues 48AB2 and 48C2 are from the thin section

Jertg, 3, 7
at the same locality. See Jebails. ' ¢
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ENVIRONMENTS
A — Strong wave and current action, shallow water, mixing zone
B — Moderately strong currents, sandy bottom, shallow water ( GComposita zone)
C — Local reducing environment, very gentle currents, bottom below wave base
D — Quiet, clear, shallow water with gentle currents (MYolin»e zone)
E — Clear shallow water with gentle currents, bottom of limy muds or ooliths ( Osagia)
F— Quiet water to gentle currents, moderately shallow to deep water, primarily bottoms of limy
muds, in places possibly dominated by fusulinids
G — Clear water, bottom below wave base ( sponge - crinoid community )
H — Gentle currents to quiet water, algal habitat
I — Influx of -edassdie material
J — Moderately strong currents, shallow water, molluscoid community
Generalized Paleoecologic  Section of the Merriam Limestone in
Eastern Kansas =
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