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ABSTRACT

The stratigraphy of the Bern Limestone, an escarpment-forming
formation of the Wabaunsee Group (Virgilian Series; Pennsylvanian System)
was subjected to detuiled study in Shawnee, Osage, and Lyon Counties,
Kansas, Acectate peels best facilitate study of micrelitholegies of
carbonate rocks, The three nembers of the Bern formation; in escending
order, Durlingane Limestone, Soldier Creck Shale, and Walarusa Limestone
are divided into zones on the basis of microlithology and founa, The
insoluble residuss of these zones are sufficlently distinctive and cone
stant to permit differentiation and cmhtioi;. Two Wabaunseestype
cyclothems urc contained in the beds studied. The Burlingame Cyclothem
differs from the typical cyclothea in that it contains an algale
fusulinid phase rather than a fusulinid phase. The Wakarusa Cyclothem
differs in that it does not contain @ basal sandstone and that it has
two fusulinid phases rather than ene. The units within the Burlingame
Limestone consist of a discontinuous molluscan limestone at the base, a
persistent fusulinid-osagite limestone in the middle, and a localized
brecciated limestone at the top. The Soldier Creek Shale contains a
regressive molluscan bicherm in the southern part of the area and a
transgressive molluscan bichern in the northern part of the area slong
with marine and non-marine shale and a localized coal bed, The bichernms
were formed on the southwestern flank of the Forest City Basin during
regression of the sea to the northeast and again during transgression to
the southwest. The units within the Wakarusa Linestone consist of a
fairly persistent fusulinid limestone at the base, on extremely persistent
encrinal limestone in the middle, and a persistent fusulinid bed at the top.




IRTRODUCTION

Location and Size _g_g Area

This zeport is cencerned with the stratigraphy of the Bern
Limestonc as it crops out in Shawmece, Osage and Lyon Counties of
‘east central Nansas (See Fig., 1 for location). However, the outerop
of the formation is not confined to these threec counties, but extends
from southwestern Iocwa, across northwestern Missouri, southeastern
lebraska, and castern Kansas into northern Ckishoma (Condra, 1549, p. 18).
The combined area of Shewnee, Usage and Lyon Counties is 2130
square niles. The outcrop of the Bern Linestone however occupics only
a small portion of this arvea. The straighteline distance from the
northern-nest ocubcrep to the scuthern-most outcrop is approximately
72 miles, The distance measw:eé along the actual irregular outcrop {
4

is much greater,

Purpoge of Investigatiocn

This report was prepared to partially fulfill the requirements
for the degree of NMaster of Science in Geology at the University of
Kensas, The specific subject of this report was chosea because of the
authorts desire to make a very detailed stratigraphic M.d thin
limestone units with special emphasis on differentiation and correlation
of lithologic zones within units commonly regarded as members of

formations.
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Hethod g_g_ Investication

Outcrops suiteble for detailed stratigraphic measurement were
located along the outerop bhelt of the Bern formation as shown on the
geologic maps and topographic mape of the area, Reference was also
made to the stratigraphic sections In the files of the State Geological
Survey of Kansas, The grestest number of sections were mensured in
rondcuts and roadside Altchess a large mumber were measured in quarriesj
8 few were measured along streanms,

All cemplete or neerly complete exposures of the Bern formation
that could be foun? were measured. Incomplete sections that exhibit
some special feature were memsured, A detafled description of the
Bern and adjecent formebtions was made and recorded in the field along
with the mcasurements. Fresh hand samples of each wnit were collected
for laboratory analysis., One sample wag taken from each small
1ithologic unit within limestones unless the unit was more then one
foot thick, in which casec a sample was collected approximately every
foot. The limestone samples were oriented in respect to vertical and
to north, Channel samples were collected from apparently homogenous
shales, Nonhomogenous shales were sampled at closely spaced points. . |

Previous Work

The Bern Limcstone and its three members, the Burlingeme Limestonc,
Soldier Creek Shale, snd Walmrusa Limestone, have been mentioned
numerous times in publications dealing with Pemnsylvanian rocks of
the Mid<Continent, However, no detailed stratigraphic studies similar
to those of this report have been published.




Brief outlines of the stratigraphy of the members of the Bern
are found in publications on stratigraphy of the various state
geological surveys of Kansas and surrounding states. The more
importunt publications are by: Hoore (1935), Moore (19L9), and
licore and others (1951) in Hansasj Condra (1927), Condra and Reed (1943),
and Condre (19h9) in Nebrashaj Tilton (1920) in Iowa, Gould (1925) in
Oklahoma, Further references to earlier work can be found in these
papers.

Jahrhaftig (1952) studied the insoluble residucs of the limestones
of the Bern formation along with the other limestones of the Wabaunsees
Group., Ireland (1956) described the arenaceous feraminifera of the
limestones of the Dern in his study of Shmwmce and Wabaunsee Group
foraminifern., Runncls and Schleicher (1956) analized several samples
of limestone from the Bern in their study of the chemical composition
of eastern Kansas limestones.

Recent work on the general stratigraphy of the Dern Limestone is
found in the geries of reports on the geelogy of a number of counties
in castern Fansas by the Staute Geolegical Survey. These reports include:
Lyon County (G'Cennor, 1953) and Osage County (O'Connor, 1955) withia
the area of this report; Elk County (Verville, 1958) te the southj
Jackson County (Walters, 1953) to the north. The United States Geological
Survey is presently preparing a report on the geology of Shaumee County.
The geologic maps of Lyon and Osage Counties along with the geologic
map of Shawmee County, when completed, will provide complete coverage
of the outerop belt of the Dern formation in the area of this report.
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PHYSIOGRAPHY

Shawnee, Osage and Lyon Counties are in the Central Lowland
physiographic province of Fennemen (1938). All Lyon and Osage
. and that part of Shawnee County south of Kansas River (Fig. 1) are
{n the Osage Plains section of the Central Lowland, That part of
Shawmee County north of Hansas River is a portion of the Dissected
Till Plains section of the Central Lowland., The boundary line be=-
tween the Osage Plains and the Dissected Till Plains is the maximum
extent of Pleistocene glaciation in this part of the country. This
4 1ine follows approximately Kansas River, although isolated glacial
deposits are found south of the River, North of the River the bede
rock is extensively covered by Fleistocene glacial deposits, but
escarpments formed by bedrock persist.

The west-dipping limestone beds in this area form northesouth
trending, crenulated escarpments that have thelr face slope on the
cast, The Bern Limestene is one of the most prominent escarpmente
formers of the Wabaunsee Group. Throughout most of .the area studied
the formation forms one escarpment with two small benches held up
by the two limestone members (Fig. 2). In most of Shawnee County
where the shale between the two limestone members s thicker than in
other places, two cscarpments are formed, one by cach limestone,
Rounded hills and irregular-ghaped mesas that contain outlyers of

the Bern Limestone are common.

The elevation of the Bern escarpment is fairly constant, being
about 1100 fect above sea level throughout. Its average height is
approximately 100 feet above an area that may be designated the dip




slope of the Moward Limestone escarpment.

The area is maturcly dissected by castward-flowing ma jor streams
that are remarkably parallel. The drainage pattern is aberescent.
Most of the streams flow in valleys partially filled with alluvium,
This condition combined with @ heavy cover of vegetation aleng the
stream valleys is responsible for the rareness of natural exposures

o~ - ot
of bedrock.

FIG., 2. Bern Limestones Escarpment in Osage County. Note twe i-u
benches on escarpment held up by two limestone members,




GENERAL STRATIGRAFHMY

Wabaunsee Group

The Vabaunsee Group is the uppermost group in the Peansylvanian
Systen in Kansas. It rests conformably on the rocks of the Shawmee
Group and is overlain by Lower Permian rocks of the Admize Group which
seeningly, mostly are in conforaity with the Wabaunsce rocks (Table 1),

Average thiciness of the Wabaunses is about 500 feet.

Sucfox Subgroup

The Sacfox Subgroup, basal subgroup of the lWabaunsece Group, has
an average thickness of about 200 feet., It is divided into three
formations; listed in aseending order, theoy are: Severy Shale, Howard

Limestone, und Scranton Shale.

Seranton Shale

The Scranton Shale (Haworth and Bennet, 1908) is the uppermost
formation in the Sacfox Subgroup. It ascending order it is divided
into these five memberss White Cloud Shale (Condra, 1927), Happy
Hollow Limestone (Condra, 1927), Cedar Vale Shale (Condra, 1930),
Rulo Limestone (Comdra and Bengtson, 1915), and Silver Lake Shale
(Beede, 1898). - Before Moore and Mudge (1956) reclassified the
Wabaunsee Group, cach of these members were recognized as separate

formations.
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TABLE 1 .
CLASSIFICATION OF THE WABAUNSEE GROUP

Permian Systen
Wolfcampian Series
Adnmire Group
Fennsylvanian System
Virgilian Series
Wabaungee CGroup
Richardson Subgroup
Wood Siding Formation
Brownville Linestone
Fony Creck Shale
Grayhorse Linestone
Piumb Shale
Nebrasha City Linestone
Root Shale
French Creek Shale
Jim Creek Limestone
Fricdrich Shale
Stotler Limestone
Grandhaven Limestone
Dry Shale
Dover Limestone
Pillsbury Shale
Zeandala Limestone
Maple Bi1l Limestone
Jamego shale
Tarkio Limestone
Nemoha Subgroup
Willard Shale
Emporia Limestone
Elmont Limestone
Harveyville Shale
Reading Limestone
Auburn Shale
Bern Limestone
linkmruse Liacstone
Soldier Creck Shale
Puriin ¢ Limestone
Sacfox group
Scranton Shale
Silver Lake Shale
Rulo Limestone
Cedar Vale Shale
Happy Mollew Limestone
White Cloud Shale
Howard Limestone
Utopia Limestonc
Winzeler Shale
Church Limestone
Aarde Shale
Bachelor Creek Limestone
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Silver Lake Shale

The name Silver Lake Shale was proposed by Beede (1898) for the
strata between the top of the Elmo Coal bed of the Cedar Vale Shale
and the base of the Burlingame Limestone., Condra (1927) restricted
the Silver Lake Shale to its present boundariese~ between the top of
the Rulo Limestone and the base of the Burlingame Limestone.

The type locality of this unit was designated to be in the
vicinity of Silver Lake, Shminee County, Kansas (Fig. 1). MNo exact
exposure wags designated to be the type. It is here proposed that
Locality G of this report (Appendix A) be regarded as the type section
of the Silver Lake Shale., This is a good exposure in a roodcut about
two miles east of the town of Silver Lake in the S}, NEi, Sec. 11,

Te 11 S., R 1 E., Shawnee County, Kansas.

The Silver Lake Shale was measured completely at several locations
gor this report. A more complete discussion of this unit will be found |
under Detuiled Stratigraphy.

Nemaha Subgroup

The Nenaha Subgroup is the middle division of the Wabaunsee Group.
It can be traced southward only to about the Osage-Lyon County line,
because its upper boundary, the Tarkio Limestone, is not present south
of this line. The average thickness of the subgroup i{s about 160 feet.
It is divided into four formations; in ascending order they ares Bern
Limestone, Auburn Shale, Emporia Limestone and Willard Shale. Lime-
stones are more predominant in the Namaha Subgroup than in the undere
lying Seefox Subgroup.



Bern Linestone

The basal formation of the Hemaha Subgroup was named the Bern
Limestone by Hoore and Mudge (1956) from the town of Bern, Just
south of the Nebragim state line in Nemaha County, Hansas. The type
locality is in a voadcut ia the S5Ef, SEX, Secs Ty Te 1 Sus Re 13 Eop
one nile west and onc-half mile north of Berne The Bern Limestone is
divided into threc membersy in wward order they are: Durlingame
Limestone, Soldier Creek Shale, and Wakarusa Limestone. HMoore (1935,
Pe 215«220) 1ists other names that have been applied to these rocks.

The Bern Limestone is the main subject of this report. Thirty-
eight stratigraphic secctions of the formation were measwred in the
area covered. The stratigraphy is discussed fully under Detailed

Stratigraphy.

Burlingane Lincstons |

The Purlingame Limestone iIs the basal meubder of the Bern formation.
It wos named by Hall (1896) from outcrops Just west of the towm of
Burlingmme, Osage County, Kansas (Flg. 1). It is propesed that the
section measured at Locality X (Appendix A) for this report be regarded
the type section for the Durlingame Limestone. It is located approxde
mately one mile west of Durlingame In = ditch on the north side of
Kensas Highwaxy 31 Ia S}, SEL, Sec. 9, T» 15 S., R. 1 E., Osage, County,
Hansas.

Condra (1935) divided the Durlingane Limestone (then classed as a
formation) into three members. The basal mesber was nased the Tayloer
Branch Limestone from the type locality in a clay pit south of Taylor




Branch, south of Table Rock, Nebraska., The middle member was named 1
the Winnebago Shale from an exposure in Missouri River bluffs south |
of the mouth of Winnebago Creek, north of Rulo, Nebraska. The upper
member was named the South Fork Limestone from a locality high in the
hill about three-fourths of o mile southwest of DuBois, Nebraska, at
the west side of Sowth Ferk Valley, Condra states, "the members of
the....Burlingame formation have been traced through Kansas to
Oklahoma®, In 2 later publication, Condra (19L9) points out that the
two upper members of the Burlingame named by him, t'hc Winnebago Shale
and South Fork Limestone, are actually part of the Seoldier Creck Shale
and that the basal member, the Taylor BEranch Limestone, is actually the
entire Burlingame Limestone. The South Ferk Limestone would therefore
be a bed or beds in the middle part of the Soldier Creek Shale. A
calcarcous zone of limestone, mudstone, and shale was found in the
middle part of the Soldier Creek Shale by the author throughout Shawnee
County (Plate 1) This probably represents Condra's South Fork Lime-
stone, However, this zone of limestones cannot be traced across Osage
and Lyon Counties, and therefore not across Kansas into Oklahoma as
stated by Condra., Plate 1 shows numerous sections in Osage and Lyen
Counties where the Soldier Creck is composed entircly of shale., Verville
(1958, p. 20) reported no limestones in the Soldier Creek of Elk County,
in southern Kansas. The author proposes that the three members of the
Burlingame named by Cendra (1935) should be abandoned.

The Burlingame limestone is a very persistent unit. It can be
traced from south central Iowa across Nebraska and Kansas into northern
Oklahoma (Cendra, 1949, p. 18).




Soldier Creelt Shale

The Soldier Creek Shale is the middle member of the Bern fore
mation. The name Soldier Creck Shale was first proposed by Beede (1898).
The type locality was not designated, but it presumably is on Big and
Little Soldfer Creecks in Shawnee County, Kansas (Fig. 1). Localities
E and G of this report (Appendix A) are ia this vicinity and could be
regarded the type lecality, although both are rather poor exposures.
According to Noore (1935, p. 218), Beede's Soldier Creek Shale
corresponds to the present Auburn Shale directly above the Bern Limee
stone. Condra (1927) used the name Soldier Creck for the shale between
the Burlingame and Welarusa Limestones, its present boundarfes. This
definition of Soldicr Creck has besn accepted and Beedels carlier
definition rejected (Moore, 1935, p. 218).

The Soldier Creck Shale alge is a very persistent unit. It can
be traced from southwestern Iowa, across Nebrasks and Kansas, into
northern Oklahoma (Condra, 19hi, p. 18).

Walmrusa Limestone

The Wakarusa Limestone is the upper member of the Bern formation.
The name Wakarusa Limestone was proposed by Beede (1698) from a type
locality on Wakerusa Creck immedistely south of Auburn, Shawnee County,
Kensas (Fig. 1) The name was again used by Condra (1927) for the limee
stone above the present Seldier Creck Shale. This usage of the term
appeared extensively {n the literature but when Condrals Wakarusa is
traced southward to the area of the type locality of Beede's Wakarusa,
the two limestones do not correlate. They are separated by the present
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Auburn Shale, and Beede's Welarusa is the present Reading, & member of
the Emporia formaticn. Because of the widespread use of Cendra's
definition of Wakarusa it has been accepted over Beede's prior
definition (Moore, 1935, p. 220). Two sections of the Walmrusa were
measured fer this report in the vicinity of the type locality of the
limestone originally called Wakarusa., Locality N (Appendix A) was
measured just south of Wakarusa River in the SE%, ME%, Sec. 27, T. 13
Sey Re 1l E., Shawnee County, Kansas (Fig. 1). Locality M was measured
near the North Branch of Wakarusa River in Sec. 23, T. 13 S., Rs 1k E,,
Shawnee County, Nansas. Since the section at Locality M is better
exposed, it will be regarded the type locality in this report even
though the upper contact of the Walkarusa is not exposed. Moore (1935,
Pe 220) makes note of the fact that exposures of the Walkarusa Limestone
are poor in the vicinity of the type locality and then states, "Much
better exposures are to be found on Kansas Higlway 10 west of Topela
in Sec. 35, T. 11 S., R 13 2., and along the creck north of the highe
way near this place". These ciposures designated Ly Moore are not the
Wakarusa Limestone. They are the 2urxdale Limestone, Either the wrong
location was given or the limestones were misidentiflied,

Like the cther members of the Bern Limesteone, the Wakarusa is a
very persistent unit. It can be traced from southwestern Iocwm, across

Nebraska and Kansas {nto northern Oklahema, It is called the

"Cryptzoon Limestone" in Oklahoms where it is a widely-recognized
datum (Moore, 1919, p. 183).
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Auburn Shale

The Auburn Shale immediately overlics the Bern Limestone, Beede
(1898) named this formation presumebly from ocuterops near the Wakarusa
River in the vicinity of Auburn, Shawnee County, Kansas (Fig. 1); he
did not definitely state a type locality., Beede's original Auburn
Shale corresponds ¢o the present Harveyville Shale member of the
Emporia formation asccording to Moore (1935, p. 222)., Condra (1927)
designated the shale betuween the present Wakarusa Limestone and the
present Reading Limestone as the Auburn Shale. This definition is now
accepted (Moore, 1935, p. 222), '

'Tzzc Auburn formation can be traced from southeastern Nebraska,
across lansas, into northera Oklahcma, |

Although not the subject of this report, several partial

stratigraphic sections of the Auburn Shale were measured,




SEDIMENTARY ANALYSIS

Acctate Peel Stﬂ

Approximately 320 acetate peels were prepared from limestone
samples of the Bern formation. The criented sample of limestone
collected from the ficld wasg first sawed in a northesouth direction at
right angles te the bedding. Another cut was made parallel to the
bedding in most semples. The cut surfaces were smoothed on & lap using
a medium grade of grinding cempound (#150)e The surfaces were then
polished by hand on & glass plate with a fine grade of grinding come
pound (#600), The polished surfaces were next immersed in a 107 sole
ution of hydrochloric acid for 10 to 15 seconds, depending on the
density of the limestone, After drying, the ctched surface was sub-
merged in acetone for about 30 to 60 seconds, depending on the perme-
ability of the limestone, and quickly pressed upon the frosted surface
of thin acetate paper. After drying, the acetate was peecled from the
sample, trimmed to size, and mounted between two glass slides. Binding
tape was used to seal the peel between the glasses. The glass-mounted
peel wvas used as a Mie negative and enlarged positives were
made from all the samples.

The general results of the peel study were excellent. In the
author'!s opinion, this is the easiest and nost effective method for the
study of carbonmate lithologies. The peel prints may be enlarged any
number of times to show as much detail as is desired. A number of small
fossils, especially small gastropods and fusulinids, and micrestructures
not chserved in the field were readily found in the peel prints. The
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peel prints used as illustrations in this report are enlarged four times
unlegss otherwise indicated.

The vertical peels were found Lo be most useful. Horizontal peels
were prepared in an effort to determine any preferred orientation of
eclengate material in the limestones. No such orientation was found.
Regarding the peel prints utilized in this report, up is toward the top
of the page in the vertical peel prints and north is toward the top of
the page in the horizontal peel prints. All prints are clongete in a
northegouth direction.

Etched Dleck Study

The acide-ctched blocks of limestone remaining after the peel study
were used in this investigation. These samples were examined under a
binccular microscope with special notice being given to the litholegy,
nineralogy, and palentology. Any additional informetion gained from
exanination of the ctched blacks was added to the description of
measured sections (Appendix A).

The study of etched blocks supplimented the peel and ingoluble
residue investigations. Certain features that were unidentifiable frem
the peel prints were identified from the etched blocks. This was
particularily true of certain aineral and rock materials present in the
limestones. The orientation and distribution of Insoluble residues
can also be determined from etched blocks.

For a more complete discussion of the use of etched blocks in
limestone investigations the reader is referred to Ives (195L).
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Ingoluble Residue Study

Insoluble residues were made of selected samples of the limestones
of the Bern formation. Several samples were seclected from each microe
1ithologic zonc within 2 member, Suamples were gelected in such a way
that they represented the entire lateral extent of each zone within the
area studied,

The procedure used in preparation of the residucs is very similar
to that of Fisher (1958, p. 10). Ireland (1951) also swmarized the
general procedurc, The Ifresh limestons was crushed and thoroughly
mixed. A 20 gram portion uas weighed, placed in a beaker, and covered
with water, Cencentrated hydrochloric acid was added until digestion
was complete. While the solution within the beaker was being boiled,
stannous chloride solution was added to remove the limonite. The
coarse residuc remaining was thoroughly vé.shed, dried, weighed, and
placed in glass _vials for later microscopic examination. ’l‘he Lfine
residue was decanted and discarded after being weighed, Percentages
of total residue, coarse fraction and fine fraction were 'coqmt.od

(Appendix B). The coarse fraction was exanined and described using a
binocular aicroscope (Appendix C). Standard insoluble residue terme
inology (Irelend, 19L7) was used, Table 2 is the classification of
insoluble regidues used in this report.
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TABLE 2
CLASSIFICATION OF THE INSOLUBLE RESIDUES OF THE BERN LIMESTONE
I, Allogenic: constituents derived from previously-existing rocks

1, Quartz Sand
2. Clay and Silt Material
3., HMica Flakes

ie Tourmaline

II, Authigenics constituents formed contemporancously with or
subgsequent to deposition of the sediments,

A. Symgenctic: contemporancous constituents.

1, Arenaceous Faraminifera

”,

2. Carbonaceous Material
B. [Epigenctics subsequent constituents.

1, Silicified Fossils

C. Syngenetic or Epigenmetic: either contemporaneous or
s subsequent constituents.

10 P}Tit?
2. Gypsum
3. Chert
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Wahrhaftig (1952, p. 16<1T), in his study of the insoluble residues
of the Uabaunsec Group, points cut that the residucs of both the
Burlingeme and Wolmruse Linmestones are not digtinstive or sufficiently
constant enough to pernit differentistion of these limestones from
the other limestones of the growpe. The author agrees with this state-
ment in t‘na't, ae 2 vhole, the Burlingane ond Walarusa can nobt be dise
tinguished from other limestones. However, the author found that the
residuce of the individual micreolithologic zZones within the Burlingame
and Walmrusa are distinctive enough and sufficiently constant to pere
nit corrclation of these units within the menbers. The distinctive
characters of the residues of these individuwal microlithologic zones
is presented wder the discussion of these zones in Detailed Stratie-
grephy.

The difference in sampling technigue used hy Wahrhaftig and that
of the author praobubly accounts for the difference in ;‘uults.
Vahrhaftigl!s sample was & channel sample of the entire members The
author sampled each microlithologic zone within the member, Because
the development of these zones is very unequal frem plage te place,
Wahrhnftig's samples from different lecalfties were likely to be from
diffevent mierolithologic zones or different coabinstions of these zones.
For exmmple, his semple of the Burlingame Limestome in Shawmee Cowunty
was from the brecciated limestonc bed of that memberj his sample of the
Burlingame in Osage Coundy was from the fusulinideosagite bed of that
member, It is not surpeising that the residues of these samples were
quite different. Although, the residues do vary laterally within a
single zone, the variation is much greater vertically where more than
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one zZone is presents In other words, the Bern Limestone or its mem=
bers as a whole are not greatly differeat from other adjacent limes
stones, but individual zenes within the formation can be correlated
and differentiated from each cther,

Only three sets of insoluble residues are abundant in the Bern
Linestone~=nuquartz sand, arenacecus foraminifera, and gilt and clay
aggregates These residues make up about 908 of all coarse insoluble
material in all the samples. As previously mentioned only the coarse
residuc was studied,

Quartz Sands CQuartz sand is very abundant in the Bern Limestonc.
It is present in about 50% of the samples and constitutes an average
of about LS% of the residue where present. The grains generally are
saall and range from rounded to angular, Subangular grains, however,
are the most common. iany of the grains are frosted but some are
transparent.

581t and Clay Haterials Silt and clay matter is also very abune
dant in the Bern, This material probably composed most of the fine
residue. S5ilt and clay aggregate is present in about 70% of the
samples and comprizes an average of approximately 50% of the residue
vhere present. Silt grains cemented with clay moke up this residue.
Even though all samples were bolled and a deflocculant added to some,
this clay did not defleculate,

lica Flaliess Flakes of nica are common in the Bern Limestone.
Mica is present in about 50% of the residucs and compeses an average of
about 7% of the residue where present. Some small flakes were undoubte
edly lost when the fine residue was decanted. Almost all of the mica




present is muscovite,

Tourmaline: Tourmaline is rare in the Bern., It was found only
in about 7% of the samples and, where present, forms only a very small
percent of the residus. All towrnmaline cbserved is browmish red,
transiucent, and in elongate cuhedral crystals with slightly rounded

CornersS.

fAirenaceous Feraminifera:s Arenaceous foraminifera are very mmerous
in the Bern formation, They exist in about 80% of the residues and con=
stitute an average of about 35% of the residue where present. Almost
a2ll of the tests are composed of white silt grains. HMost wer'e broken
bhut many were not.

Carbonaccous Materials Carbonaceous material is coamon in the
Bern Limestone. It ig present in appreximately LOF of the samples,
comprizing an average of about 5% of the residue vhere present. This

material occurs ag irregular-shaped black masses.

Silicified Fossils: Silicified fossil material is very rare in
the Bern. It is present at only one locality in the Wakarusa Limestone
where it composes about 20% of the residue. lMost of the replaced
fossils are fusulinids but seme silicified shell fragments are present.

Pyrites Pyrite is fairly rave ia this formation. It is present
in about 207 of the residucs, Vhere present, it comprizes an average
of spproximately 107 of the residue, Pyrite is quite variable in
snount however. This mineral occurs in various forms. Amorphous masses,
aggregates, cubes and foraminiferal £illings were noted.

Gypsum: Gypsun is rare in this unit. It exists in about 20% of
the residucs and, where present, constitutes an average of about 3% of



the residue. Alabaster is the most common variety, but seleaite is
present,

Chert: Chert is rare in the Bern Limestone., It is present in
approximately 187 of the samples bhut, where present, constitutes an
average of only about L# of the residue, It is usually gray in coler,

irregularily shaped and angular.

e oy,
Shale J.M‘il

The shales of the Bern formntion were not subjected to as detailed
a study as the limestones. They were simply examined with a binecular
nicrogcope with special attention being given to fessil and mineral
centent. The shales were found to be very pure in general with little
silt or sand, Seme were calcareous., In general, most of the shales
were unfogsiliferous although many exceptions were found. The shales
of the different members of the Bern formation are discussed under

Detailed Stratigraphy.




CYCLOTHENS

A cyclothem, according to Weller (1932, p. 1003), is "a series
of beds deposited during a single sedimentary cycle of the type that
prevailed during the Penngylvanian Period®. Cyclothems may be only
cyclice=repetition of conditions without reference to periocdicity; or
they may be rhythmice-repetition of conditions at regularily varying
intervals of time. Lowman (1959) discusses this problem and presents
evidence that cyclethems are rhythmic; There have been many theories
for the origin of cyclothems. It is not the purpose of this report
to analize these theories. For such an analysis, the reader is referred
to Weller (1956).

The Pennsylvanian sediments of the Mid Continent are welleknown for
their many and varied cyclothems, There are many kinds of cyclothems.
Some are dominantly marine, others are dominantly nonemarine. Some
are simple cycles, others are cycles of cyclothems, called megacyclo=-
thems, The type present in the Wabaunsee Group are simple cyclotheams
in vhich marine deposits dominate. No less than 15 distinct cyclothems
and one rudimentary megacyclothem=ethe Howard cyclee-have been dise
tinguished in the Wabaunsee Group.

The distinctive features of the Vabaunsee type of cycle are: very
rare black shalej extreme persistance of very thin coal beds; the
sequence of shale and limestone beds in the marine portion of the cycle
beginning with nearegshore transgressive depesits, progressing to maxe
imum offshore deposits, and then regressive deposits (modified from
Moore, 1950, pe 9)s The cycle begins and ends with nonwsarine sediments.

That part of the Wsbaunsee Group studied in this report includes




two cyclothems, The Burlingame Cyclothem extends from the ceatral part
of the Silver Lake Shale to the central part of the Soldier Creek Shale,
The Wakarusa Cyclothem extends from the central part of the Soldier
Creek Shale to the lower part of the Auburn Shale.

Hoore (1935, pe 21=26) discusses the members of the ideal eyclothem
and the nembers of the typical Wabaunsee type cyclobhem. Where fully
developed, the Wabaunsee cyclothen is essentially the same as the ideal
cyclothem. It must be cuphasized, however, that all members of a cyclo-
them are not necessarily present in any single locality. In fact the
development of these individual units is very wmequal from place te
place, Some units may persist as a single thin bed for hundreds of
miles, whercas others may be present only locally.

The following are members of a typical Wabaunsee type cyclothem
according to Moore (1935, pe 25).

«0=,9 Shale, mostly unfossiliferous, marine of nonmarine.

o7 Limestone, lightegray, algal, in many cases sandy to
conglomeratic, or coquinoid, loccally oolitic, laminated
to flaggy, may contain numerocus mollusks, brachiopeds and
bryozoans or relatively unfossiliferous, marine.

+6 Shale, commonly somewhat sandy, marine.

.5 Limestone, blue to gray, weathers brown, granular to
dense, massive, contains more or less abundant fusulinids
with or without a varied assemblage of brachiopods, bryoszoans,
crinoid remains, and less commonly other fossils, marine.

olt sui;: clayey, in many cases with rich molluscoid fauna,
nag °

o3 ::::m. bm, d:uu to .:.dm' contains numerous
usks, espec pelecypods some brachiopods
crinoid ;m!u. ete., marine, )

«2 Shale, clayey, commonly contains and other pe
pods, Derbyia, Chonsts, ' beyosoans, sarine:



«1 c. Coal, continental,
ab, Shale, sandy to clayey, top few inches in some cases

constitutes under¢lay of the coal, may contaln plant
fossiis, continental

.0 Sandstone, shaly to massive, may contain fraguents of plants,
cont inental.

Figure 3 is a couposite of the maximum development of the cyclo=
thems of the Bern and adjucent formations in the arca of this report.

The development of the individual units within these ¢yclobhems will be

discussed under Detailed Stratigrapiye.
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DETAILED STRATIGRAPHRY

Introduction

The 1lithology, thickness, distribution, insoluble residues,
paleontology, position within cyclothem, and sedimentary envise
onment of each bed are discussed here. Emphasis is placed en the
1imecstones,

For a particular locality or the distribubicn and thickness of
certain beds, the reader is referred to the correlation chart of the
measured stratigraphic sections (Plate 1) and to the location map
(Pige 1), For more detailed information on 1ithology, thickness, or
fauna refcrence is made to the detalled mcasured stratigraphic
sections (Appendix A). Information on insoluble residues is in
Appendix B and C, The results of the insoluble residuec analysis is
arranged in these appendixes according to individual beds. For the
position of a gpecific bed within a particular cyclothem, the reader
is referred to the composite diagram of all the cyclic units (Fig. 3).

Rulo Limegtone

Although not the subject of this report, the Rulo Linmestone
member of the Scranton Shale was measured at two localitics., At
Locality G the Rulo is a single limestone bed eight inches thick that
is bluish gray, dense, argillacecus, and has an abrupt upper and
transitional lower contact. It contains a few crinoid stems and small

gastropods,
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At Locality R the Rulo thickens to one and a half fect and is
yellow, dense, and argillaceous with sharp and flat contacts. This
limestone is more fossiliferous at this locality. It contains crinoid
stems, brachiopods, pelecypods, fenestrate and ramogse bryozoans, small

gastropods, and a few rare fusulinids (FPig. L).
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FIG. L. Vertical peel print of Rulo Limestone. lNote fine grained
texture, (LOC. R)o (:’;h)o

Silver Lake Shale

The Silver Lake Shale includes the group of beds, mostly shale,
between the Rule and Burlingame Limestones. Three cemplcte and several
partial stratigraphic sections of this unit were measured in order to
determine the general stratigraphic relationships of this member in
the area of this report. Figure 5 graphically depicts these sectiens.

At the type locality of the Silver Lake a thin bed of olive gray,
calcarecous, marine shale overlies the Rulo Limestone. This shale is
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overlain by = thin bluish gray, dense, argillaceous limestone bed that

is sparscly fosgilifcrous, centaining a few crinold stems, brachiopods

and small gastropods (Fig, 6). Above this limestone is a black, fissle
shale containing kidney-shaped concretions of clay and a few rounded

sandstone cobbles, The above units are presumably marine and represent

I c ¥ 4

FIG, 6, Vertical peel print of argillaceous limestone in lower part
Silver Lake Shale. Loc. G. (Xh).

Resting on the black shale with apparent unconformity is a one
foot bed of cross-bedded, micaceous, medium-grained quartz sandstone
(Fig. 7). It represents the basal wunit of the Burlingame Cyclothem (.0).
Overlying the sandstone are ten feet of calcareocus, argillaceous, un-
fossiliferous siltstone that is interbedded with shale (Fig. 8). This
siltstone and shale is probably the most persistent unit within the

Silver Lake, being present throughout Shawnee and almost all of Osage
County. It is somewhat resistant to eresion, often forming low hills
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or an escarpment immediately cast of the Burlingame escarpment. This
siltstone and shale unit is probably non-marine and represents phase .1
of the Burlingame Cyclothem. The coal bed that should be present in
phase .1 was not chserved in the area studied. However, O'Connor and
cthers (1955, p. 12) report a thin coul bed in the Silver Lake in Osage
County. In some places, such as the type locality, the Burlingame
Limestone rests directly on this siltstone unit (Pig. 9). In other
places & shale separates the two, as at Locality H. This shmle consists
of alternating, very thin layers of black and gray (Fig. 10) or olive
green ghale, contalning clams, It represents the transgressive marine
shale unit (.2) of the Burlingame Cyclothem,

PIG, 7. Crossebedded sandstone of Silver Lake Shale. Lée. G.
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FIG., 10. Uppermost shale unit of Silver Lake member, Note wery thin
laminations. Loc. H.

South of Kansas River in Shawnee County and fn Osage County, the
Silver Lake contains proportionally more shale, The limestone, black
shale, and cross-bedded sandstone of the middle part of the member are
usually abgent in this aveam, At Locality R (Fig. 3) for example, 26
feet of shale geparate the Rulo Limestone from the persistent siltstone
beds. The siltstone zone is thinner herc than at the type locality and
is overlain by the uppermost shale unit of the Silver Lake,

Farther south, . in Lyon County, the persistant siltstone sone is
not present. Here the Silver Lake consists entirely of gray and black

shale. Channelefill deposits occur locally in the uypper part of the
shale in this area. _ ¥y ~
At Locality GG for example (Fig. 3), a small channel conglomerate
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occurs in the upper part of the Silver Lake (Fige 11). Its maximum
thickness is 12 feet. The conglemerate itself is composed of sub-
rounded shale snd limestone pelbles of verying sizes (Fig. 12). This
deposit almost certainly represcnts f£illing in of a former stream
chonnel cut into the Silver Laks Shale during emergence., Pebbles of
shole er mudstone existing in this conglomerate imply 2 very short
distance of transportation. The fact that the pebbles closely resemble
the shale in which the channel is cut, indicates that they were
derived from the immediate vicinity of the channel., The existance of
& conplonerate of this type in what closely resembles a cross section
of a stream channel almost certainly proves that emergence and sub
aerial erosion occcured during the tims that part of the Silver Lake
wag deposited. Unit .0 of the Burlingame Cyclothem is therefore
represented by this channel,
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FIGe. 12, Vertical peel primt of channel conglomerate in Silver Lake
Shale., Loec. GG. (X4).

fAnocther conglomerate is present south of the previcusly mentioned
occcurrence, near the town of lNecosho Rapids in and near the channel of
the Veosho River, It is a cross-bedded limestone conglomerate that is
as much es 20 feet thick where it was measured in the NE}, Sec. 30, T.
19 Sep Re 13 Esy in @ vailrond cut (Pig. 13). Beds as low as the White
Cloud Shale, the lowest member of the Scranton Shale are cut down into
by this conglomerate. It was first recognized by Smith (1903, p. 99)
who named it the Weosho Limestone from exposures along the Neoshe River
near Neosho Rapids. If this cenglomerate, like the onec previously dis-
cussed, alse is a stream channel deposit, then it must have been a much
largesr stream, Besides having a greater thickness, the Neosho con=
glomerate is much more extensive than the small channel conglomerate.
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There are numerous exposurcs along the Heoshe River and for several
miles northeast and gsouthwest of leoshe Rapids. OCtConner and others
(1953) discuss this deposit. They state that this conglomerate is the
depogit of a former stream chamnel but are uncertain whether it is of
Silver Lake or Cedar Vale age. A conglomerate is cbserved in this
region in the lower part of the Silver Lake, However, it cannot
definitely be troced into the Neogho Limestone, The author feels that
since there are chunnel-filling conglomerates in this region in the
Silver Lake, that $t would be reasenable to corrclate the Neosho
Linsstone chaanel with them. The Neosho Linestone would then repree
sent the basal unit, .Q, of the Burlingame Cyclothen,

FIG. 13. Chamnel of probable Silver Lake age nsar
Neogho Rupids. Note crogs-bedding to left of person.

The Silver Lake Shale, as @ whole, thickens southwerd, It is
Just over 19 feet thick at the type lecality in nerthern Shawmee County.
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It thickens to slightly more than 32 feet near the Shawmee«Osage County
Line ot Locality R, O!Cenncr uad cthers (1955, p. 112) report 2n
averapge thickness of 35 feet in Osage County, The Silver Lake is as

nuch 28 L0 fect thick in Lyon County (O'Connor and others, 1953, p. 20).

Burlingame Limestone

Holluscan Beds A slightly argillaccous limestone characterized
by the presence of mollusks occurs at the base of the Burlingame
neuber, It is present at enly a few localities and is quite variable
in fauna and general lithelogic features.

This linestone is argillacecus, highly detrital, and generally has
an uneven contact thet is trensitionnl with the shale below and an
abfupt uppezr contact.

The fauna is variable, but mollusks deminate. Pelecypods,
especinlly Aviculopecten, ere very abundant. Gastropeds are very small,
abundant, and varied. Brachiopods are almest as abundant as pelecypods.
The productids are by far the most common group. Among the brachicpods,
Derbyia, Chonetes, Marginifera, and Di lostus were identified. The
algae Q_CIJ_l_I_ is present in abundance in all expesures of this bed along
with arenaceous foraminifera. Remaining fossils, none of which are
very numerous, include crinoid stems, and fenestrate and ramose bryoscans.
Much broken foss{l debris is present. The larger shell fragments are
aligned parallel to the bedding but minute fossil debris is randomly
oriented, ’

The insoluble residues of the molluscan limestone are quite
variable in type. bt‘dml“hnuﬁll;“ 10 percent by
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weight. The coarse fraction is rather high, averaging about 20 pere
cent., but it is quite variable in smount., Different percentages of
subangular to rounded quarts sand are present in all samples.
Arenaceous foraminifera, present throughout, constitute from 20 to 50
percent of the coarse residue, Other constituents are different from
place to place.

Considerable loczl variation, more so than in most other units of
the Pern formation, cccurs within the molluscan bed. For this reason,
the nolluscan limestone will be discussed in three different ar<as.

North of HKansas River the molluscan bed unit is present at Localities
Ay D, and G, It may also be present at Localities B and C where the
bage of the Buriingame is not exposed. The fauna at these exposures is
deminnted by various gastropeds and the algae Osagia (Fig. ).
Pelecypods are less sbundant here than to the gscuth. At Locality A
and U the bed is about six incheg thick. It reaches its maximum
thickness at Locality G, Here the wnit consists of two limestone beds,
each about a foot in thickness, separated by shale. The lower limestone
bed at this outcrep grades laterally into shale, indicating its purely
local nature.

Just south of Hansas River at Locality J and K, the molluscan bed
is considerably different. Here the limestone is conglomeratic, cspec-
ially at Locality J (Fig. 15). This conglomerate is composed of unsorted,
subrounded limestone fragments in an algal matrix. The thickness is
sbout a foot at both exposures. The clam Aviculepecten and the algae
Osagia are especially sbundant in this particular bed (Fig. 16).
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P1G. 1. Vertical peel print of molluscan bed north of lansas River.
Note gastropods and algae (Osagie). Loce D (xh)e.

FIG. 15. Vertical peel print of limestone conglomerate from molluscan
bed south of Kansas River, Note limestone fragments and algal

matrix. Loc. Je (lh).




FiG, 16. Vertical peel print of molluscan bed south of Kansas River,
Note numerous shells of Avicul ten and encrustantions of
algue Ogagia around szall ?anmen%s. Locs Ho (Xh).

The only other exposure of the molluscan bed observed is at
Locality GG in Lyon County. Here it is a thin bed of limestone only
three inches thick with the lower surface almost completely covered by
clams and brachiopods.(Fig. 17). The following forms were identifieds
Aviculopectens Chonetes; Marginiferas Derbyia crassa ver. richmonda.
Arenaceous foraminifera and algae wre also very sbundant (Fig. 18).

The moliuscan limestone at the base of the Burlingame represents
unit .3 of the Burlingame Cyclothem. It was the first limestone de-
posited by the very shallow transgressing sea. The discontinuous nature
of this layer adds support to the postulated shallow-water environment.
One would expest shallowamter deposits laid down near shere to be
discontinuous and variable since this enviromment is more subject to




change than an open sea enviromment. The relative sbundance of silt,
sand, and conglomerate is ancther peint in favor of such an enwvirone
nent, Coorse sedimente such as thege attest to the presence of currents
of 2 lnczlly strong nature., The abundance of fine-grained material and
the abundonce of arenaceous foraminifera also seem to be correlative,
The sbundonce of pelecypods, gastropods, and algae pravide the best
evidence for a near=shore, shallowswater enviremment. Algae especially
l1ive in clear, shallow water because they neced sunlight for growth.

The sbsence of fusulinids, a far-frome-ghore form, adds weight to the
suggested origin. It is Interesting to note that corals, crinoids,

and other attuached organisns are either absent or very rare in this
bed, The shelly bottom should have provided a good place of attachment
for these fomms. DBecause they were absent, the water must have been

too shallow or too brackish or the curreants too strong for them.

FIG. 17. Lower surface of molluscan bed in Lyoen County, Loe. GG.




FiG. 168, Vertical peel print of melluscan bed in Lyon County. Note
clan shells, algaec, and extremely abundant arenaceous
foraminifera in upper purt. Loc. GG (X6).

‘here present, the molluscan bed occurs at the base of the

Burlingane Limestone and almost invariably rests on the first marine

shale deposit of the transgressing sea.(.2). It is overlain by

varied units within the Burlingame cycle,

Fugulinid-Osagite Bed: The most persisteat unit within the
Burlingame member is a limestone bed characterized by the presence of
very abundant fusulinids and the algae Usagia, It is present in ale
most every exposure south of Kansas River, and comprizes the entire
thiclkness of the Burlingame at & large number of places.

This limestone is highly detrital and varies from argillaceous in
the south to relatively pure in the north, Orientation of delris is
almost completely random. In some places it is a single thin bed (Fig. 19)
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and in others it is thinebedded or even nodular (Fig. 20). Thickness
varies from a mininum of only four inches at Locality K (Fig. 21) to a
maxinun of four fect nine inches at Locality HH (Pig. 22). At & few
locations thin shale partings cccur, In Shawnec County the color of
this limestone is dark gray while in Osage and Lyon Counties, it is

yellowish,

FIG, 19, Fusulinid-osagitec bed overlain by black Seldier Creek Shale
Loc,. L.




L6

FIG. 20. Beran Limestone in gouthern area. Hammer head rests on top
of thin molluscan bed. Modular and magsive limestone above
is fusulinidegsagite bed, Thick limegtone at top is Lyen
County bioherme-part of Soldicr Creek Shale. Loc. GG.

FIG, 21. Burlingume Limestone Iin northern area, Ilmolluscan bedj
FO=fusulinid-tsagite beds B-brecciated limestone bed, Loc. K



FIG, 22. Dern Limestone in southern arca., FO-smsgive fusulinideosagite
bedy SCeSoldier Creek Shalej Welalmrusa Limestone, Loc, 18i,.

A rich and varied fauna §s present in the fusulinideosagite bed,
but two forms stand out—-fusulinids and Osegia., The fusulinids are
quite distinctive in that they are all small and have an inflated
fusiform shape, They can be casily distinguished in the ficld from the
large elongate fusulinids of the upper part of the Wakarusa Limestone,.
These small fusulinids are probably Txiticites cullomensis (Moore and
others, 19hk, p. 672+673)s Moove describes Triticites cullomensis
as being mediunegized and inflated fusiform in shape. At some localities
fupulinids ore mmercus throughout this unit, Nore comacnly, however,
their abundance varies with 2 gradual increase toward the top of the
unit. This is the relationship, for example, at the type locality of
the Burlingame (Fig. 23 & 24). The algae Osagia, like the fusulinids,
is also characteristic of this unit. In almost all cases Osagia is



most nuuerous at the base of the unit and rare or even abgent at the
top. Uhere present 1t emcrusts many types of small debris. Encrusta-
tions of this organism are commonly found around elongate brachiopod
and pelecypod fragments, small crinoid stems, small gastropods,
erenaceous foraminifera, bryozoans, and fusulinids (Pig. 25). A come
plete gradation existe between what might be called the osagite

bed (lower part of the unit) and the fusulinid bed (upper purt of the

unit). This transition zone occuples a greater volume of .the unit
than does the fusulinid zone at the top and the osagite zene at the
bottom combined. For this reasen the hed is referred to as the
fusulinideosagite bed, The intimate mssociation of these organisams
in the niddle part of the unit is showm in Fig. 25, Both ramose

and fenestrate bryozoans &" plentiful in this bed, but ramose are

by far the most numerous (Fig. 26). Crinoid stems of a generally small
size are shundant. Small gastropods are present in nearly all
exposures (Fige 27). Arenaceous foraminifera are more profuse

in this unit, on the whole, than any other. Brachicpoeds are
mmerous and varied, Ueospirifer is especially plentiful.

Composita and Dictycclostus are very cemsen, Rare genera of
brachiopods in this unit include Derbyia and Chonetes. Pelecypods
are not commonly present. Aviculopecten was observed at one exposure.
Other fossils present in small mumbers at a few localities include
trilobites and horn corals.




FIG. 23,

FIG. 2k,

Verticnl peel print of lower part of fusulinid-osagite bed.

Mote abundant Osagla encrustations. Loc. X (Xh)«

Vertical peel print of upper purt of fusulinid-osagite bed.
lote abundant small fusulinids, Leoec. X. (XU).
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1 peel print of transition zone in fusulinid-osagite
lote extremely numerous Osagia encrustations. Loe, HM, (X4).

FIG, 26. Vertical peel print of fusulinideosagite bed containing
numerous bryozoans. Lec. JJ. (XL).




FiG, 27. Vertical peel print of fusulinid-osagite bed containing
numcrous gastropeds and Usagls encrustations. Lec. M. (Xh).
Ingoluble residues of the fusulinid-osagite bed are more cone
sigtently uniform than those of the molluscan bed. Samples were anae
lyzed from both the lower and upper part of the bed. Residues from
the lower part average 12 percent of the sample, the coarse fraction
averaging 8 percent. Arenaceous foraminifera are exceeding abundant,
being generally between 70 and 90 perceat. Silt and clay increases
in percentage to the south where .the unit becomes more argillaceous,
Small percentiages of carbonaceous muterial are generally present.
Ras!dueé from the upper part are more consistent than the lower part.
The total residuc averages 11 percent, whercas the coarse fraction is
quite consistently between 2 and 5 percent. Silt and clay aggregate
is the most abundant Pesidue, generally being near 60 percent.
Arenaceous foraminifera are less abundant than in the lower part. ,




However ,thiy were pregent in 2all samples al an average abundance of
L0 pereent.

The lateral distribution of the fusulinideosagite bed is very
extensive, It first appears as a very thin unit less than a foot
thick at Localities J and K fmmediutely seuth of Hansus River (Fig. 21).
From this area south {t is present in every axposure except at Locality
BB, Wornally, the thickness is about threec feet. There is very little
lateral veriation. In the vicinity of the Shmwmee County bichemrm in
the Scldice Creek Shale, this unit becomes dark gray. Southward in
Osage and Lyon Counties It becomes promssiwly more argiliaceous.

The fusulinfd-osugite bed represents unit .5 of the Burlingame
Cyclothenm, It marks the maximum transgression of the sea at the pealk
of the cycle, Fusulinids are the characteristie fossil of this phase.
and are comnonly thought of as a fairly deep-water organism, Elias
(1937, p. L32) concluded that fusulinids lived in 160 to 180 feet of
water. However, Moore (1929, p. L67) points out that fusulinids
indicate only a very quiet environment in which the bottom on which
they lived was not agitated by strong wave action. It is true that
deep water would produce such quict, unagitated conditions. However,
broad stretches of shallow water mamy have less agitation of the bottom
than falrly deep water with large waves, provided the waves in the
shallow water are suall, as is generally the case. It would therefore,
be better to say that fusulinids represent a quiet bottom enviromment
uhich may occur in either shallow or deep water. The fusulinide
bearing limcstones do; in general, represent a fartherefromeshore
environment then algalemolluscan limestones. Algae mﬂ*
present fn the .5 portion of the typlcal Vabaunsee cyclothem. The
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Burlingame cycle does not seem to fit the general pattern in this
respect, at least not in the area studied, because algae are sbundant
in the 5 wnit. The fusulinid-osagite bed must represent the maximm
transgression because of the profuse fusulinids present over such a
wide area, Presence of copious algae indicate that this particular
limestone was not deposited in as great a depth of water as other
fusulinid beds without algae, since algae need water clear and
shallow enough for sunlight penetration. The zone of neareshore algal
1ife and the zone of far-fromeghore fusulinid life must have over-
lapped somewhat, It probably was within this zone of overlap that
the fusulinid-osagite limestone was deposited. The fact that the
abundance of algae decreases consistently upward in this unit
combined with the progressive increase in mmbers of fusulinids up-
ward indicates rather certainly that the water must have become proe
gressively deeper during the deposition of this beds The very fact
that the bed is exposed in every outcrop but one from Locality J
south attests to uniform conditions during deposition, such as should
be expected in an open sea away from shore. Absence of coarse
detritus and & smaller proportion of sandesized material than in the
molluscan bed {ndicates that deposition occurred farther awey from
shore and associated currents. There could not have been a great
amount of agitation of the water near the bottem, or the bryozcans,
erinoids, and other attached forms of life could not have survived in
such large mumbers. The fossil debris on the bottom must have provided
a good base of attachment for these organisms.

Throughout the largest part of the arca studied, the fusulinide
osagite bed makes up the tobal thickness of the Burlingame members A
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o few localities it overlies the transgressive molluscan bed (.3).

Generally it overlies the uppermost marine shale of the Silver Lake
(.2). It is overlain by the regressive limestone on the cyclothen
where both are present.

Brecciated Limegtone Bed: A thick, mottled, brecciated limestone
that 1s almost unfossiliferous occurs widely In the northern part of
Shawnee County in the upper part of the Burlingame member,.

This limestone is composed of irregulere-shaped, eclongate fragments
of lithographic limestone in a very fine, argillaceocus matrix.
Smallegcale conchoidal fracture occurs when the fragunents are brokens
The fresh surface of this limestone has 2 mottled appearance (Fig. 28).
A very rough surface develops upon weathering because of the greater
resistance of the fragments (Fig. 29). The edges of the limestons
fragments, especially the lower, are covered by a thin layer of
darker colored, calcarcous material of uncertain origin (Fig. 30). In
nearly all caseg the more convex side of the fragments {s the lower
one, an ansmolous situation (Fig. 31). In socme cases thin lenses or
layers of very dense limestone without brecciated structure are
Interbedded with the brecclated limestone., Nore commonly however,
there is an alteration of layers of fragments and layers of argille
aceous matrix (Fig. 30). The limestone is typically thick and un-
evenly bedded (Fig. 32). The lowermost foot or more of this unit does
not have the brecciated structure nearly as well developed as the
upper part. Long linear fragments much like the darker layers that
encrust the fragments in the gpper part do occur in this lower part,
but a lithographic texture is more common (Fig. 33).

f




Fresh surface of brecciated limestone bed, lote mottled
BPPearance.

FIG. 28.

FIG, 29. Drecciated limestone bed outerep. Note characteristic rough
weathering caused by more resistant fragments. Near Loce I.




v
o

O L . S
. \i-.mﬁ'\?‘\ s /

FIG, 30. Vertical peel print of brecciated limestone bed showing encruste

ations around fragments and argillaceous matrix between layers. i
Loc, Be (X2). i
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FIG. 31. Vertical peel print of brecclated limestone bed
convex lower surface of fragments. Loc. Ho (k).
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FIG, 32, Brecciated limestone bed showing thick and uneven bedding.
Locs Ae

FIG. 33, Vertical peel print of lower uthogmphlc part of brecciated
1imestone bed, Loce. Ce (Xh).




The brecciated limestone is almost unfossiliferous, Nearly all
the fossils cceur in the lowermost one or two feet. The following
fossils were observed, all rarely: brachiopodsy pelecypodss suall
mstropods; crincid stems; ramose bryozoans; horn coralsy fusulinids;
arenaccous foraminifern. Brachiopods and gastropods (Fig. 3L) are the
nost munercus of the fossils. lNeogpirifer, Enteletes, and Composita,
all brachiopods, were identified, At Locality A the uppermost 10
inches of this unit is quite fossiliferous and not @s brecciated as
usuzl, Crinoid stems are especially abundant in this zone (Fig. 35).

: A, B. c*
FIG, 34, Vertical peel prints of brecciated limestone bed fossils.
A~ Lowespired gastropod from Loc. A. (no%.
B.e Compoaita and fusulinid fream Loc. Co (X10).
Cuw ‘ Ted gastropod from Loc. D. (X10).
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FIG, 35. Vertical peel print of fossilifercus limestone just above
brecejuted limestone bed. Note crinoid stems and fragments
of limestone similar to brecciated limestone bed. Loce A. ().

The brecelated limestone has a very small end consistent insoluble |
residue, The total residue averages only a2 little over 2 percent and i
the coarse fraction averages only 3 perceat. Clay and silt aggregate
nakes up from 70 to 90 percent of the coarse residue. Arenaceocus
foraminifera and carbonaceous material normally make up the remainder,
The smnll, very fine grained residue serves to emphasize the purity
of the lithographic limestone fragments and the argillacecus mature
of the matrix, ,

Considerable variation in thickness of the brecciated limestene |
occurs, It ranges from 2 minimum of Jeven inches at Locality J te
2 maxinun of about ten feet at Locality A (Fig. 32). This unit is
present only in northern Shawnee County at Localities A to K with the
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exception of Locality G. It is not preseat south of Locality K. This
bed does extend nerthward well into Jackson County. Walters (1953, p. L2)
describes the Burlingeme of Jackson County as having an unusual mottled
and brecciated appearance, being composed of light brown limestone
fragments i & rusty brown malrix. The extent to the cast of this bed

is not known since erosion has removed it. The westernmost exposure

of the Burlingame north of Ransas River, Locality G, does not contain
this unit, Therefore, it may pinch out in this direction also.

This thick brecclated limestone represents unit .7, the regressive
algalemolluscan phase of the Burlingamé Cyclothem, according to Moore
(1935, pe 217). The origin of this pecullar type of sediment is very
uncertain. There secens to be four possibilities.

(1) It may be a trus detrital breccia in which the limestone
fragnents were eroded, carried into the sea, and Mitcd along with
the argilleceous material that forms the matrix. The absence of coarse
clastic material in the residuc is scemingly against this hypothesis.
The fact that this i{s a single localized deposit is in faver of the
theory since such deposition could have occurred in a local basin and
not elsewhere.

(2) The mottled or brecciated structure may be secondary, A
homogenous 1lime mud may have been first deposited. After burial the
material may have begun to crystallize, gradually isolating some
porticns as large psewdobreccia fraguents. Cayeux (1935, p. 271)
discusses an origin such as this for mottled limestones. He declares
that mottled limestone of secondary origin is alvays poor in insoluble
residue, rarely contains crganic remuing, and usually forms in rock with
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cryptocrystalline texture, The limestone under discussion has these
characteristics, The secondary crystallization could have destroyed
most of the fossil material, accounting for thelr rareness.

(3) The brecciated appearance could be due to waves and/or
currente breaking up the line mud deposits on the bottom and depositing
the silt and clay matrix around the fragments, This process would have
had to been repeated several times in order to produce several feet of
rouchly laminated, breccisted limestone, The imperfect layering of
fragments and matrix as in Fig. '30 would be explained by this erigin.

(h) The brecciated nature of this limestone could be due to some
kind of algal structure, This would explain the darkecolored encrust-
ations around the outside of the limestone fragments 2s algal material,
These encrustations gometinmes occur by themselves with the accumulation
of silt upon their wpper surface (Fig. 36). They could therefore be
the remaing of algal growth, Since this unit is the .7 phase of the
cyecle which, according to Moore (1950, p. 9), contains abundant
remains of verious sorts of algae, an algal origin may be the best
explanation.

The brecciated limestone, where present, always forms the top of
the Burlingame Limestons., It rests in some places on the fusulinide
osagite bed (.5) and in other places on marine shale (.2 or k).
Another develcpment of the .7 bed of the Burlingame Cyclothem besides
the brecciated bed occurs losally in Osage County. At h‘utlnan
and BB e ‘thicl slgal-molluscan limestone is present (Fig. 37). This was
the only other development of the o7 bed that was ebserved. At Locality
AR it overlies the fusulinid-osagite bed, and at Locallity BB it forms
the entire thickness of the Burlingame member,
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Loc. De

Vertical peecl print of brecciated limestone bed showing

encrustations with silt accunulation on top.

Vertical peel print of algal-molluscan limestone bed. Note

abundant pelecypods end gastropods. Loc. Ade (XL).

F1G, 36.
FIG. 37.
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Shale Bedg: Shale is very rare in the Burlingame Limestone. Two
general types of shale beds are present, however: (1) Shale beds that
separate different limestonz units ia the Burlingame Cyclothem frem
cach others (2) Shale partings within these limestone units. The
lattef type is more comnon that the former.

Unit & of the Burlingane Cyclothen is present at oanly three
localiticseei, D, and K. It is a gray, calcareous, marine shale that
separates the transgressive molluscan bed below (.3) from later beds
in the cycle. At Loculity K it is overlain by the fusulinideosagite
bed (.5) while at Locality A and D it is overlain by the brecciated
limestone (.7). Small brachiopods are found within this shale unit.

Unit 6 of the Burlingame Cyclothen, the marine shale that should
separate units .5 and .7 does not seen to be present in the Burlingame
Limestonc of the area studied,

Calcareous, marine shale partings are present lecally within all
limestone units of the cyclothem, None of these exceed eight inches in
thicimess in the area studied., Since these shale partings are so
discontinuous, they probably represent local deposition of argillaceous
material for only a short interval of time.

Soldier Ceeck Shale

The Soldier Creek Shale is, as the name implics, composcd mostly
of shale, However, it is a complex stratigraphic unit containing some
limestone, conl, and several different kinds of argillaceous rocks. In
the area covered by this report it alse contains two small but very
{mportant reefs., The word reef and associated terms have been defined

|
s
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in many different weys by mumerous authers. To aveid confusion, these
terms arc defined below as they are used in this report,

Reefs a rock structure, elther moundlile or layered, built by

sedentery organisms and uswally enclosed in & rock of differing

lithology.

Biostrume: @ layered reef in which the layers are no greatez in

vertical dimension than the conteaporancously-deposited,

surrounding sediments,

Bicherm: a moundlike reef in which tﬁc vertical dinmension is

greater than that of the conteaporancously-deposited; surrounding

sediments.

As can be seen by reference to Plate 1 and Plate 2, both of the
reef deposits discussed are moundliks bodies completely enclosed in
shale, Therefore, they are bichemms. The southermmost of these reefs
will be called the Lyon County bicherm and the northernmost, the Shawnee
County bicherm. During the following discussion the reader should
refer to Plate 2 for the measured stratigraphic sections of the Shawmee
County bicherm and to Plate 1 for measured stratigraphic sections for
the remninder of the ares, including the Lyon County bichexm,

The Soldier Creek S\t;c will be discussed My dividing it into
three geographic arem from south to north. .

Southern Areas The Southern Area includes the Soldier Creck Shale
exposed at Localities EE through LL. It includes almost all of the
expesures in Lyon Countye. All of these sections are shoun on Plate 1.
The Soldler Creck of this area contains non-marine shale, marine shale,
ceal, and the Lyoan County bioherm,

The Lyon County bicherm is located in east central Lyen County
northeast and southwest of the town of Readings It §8 exposed at
Localities EE, PF, and GGs
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In all cases this melluscan bichern is a coguinoid iimestone that
is massive vhen fresh but weathers inte relatively thin, flat beds,
Since there nre only threc exposwres of this bicherm, its size is
difficult to deternine. It eibtends for at least two miles in a
northeast-southwest direction between Locality EE and GG, At Locality
D, one mile to the north of IE, it is apparently not present. At
Locallty M1, four niles soutinest of GG, It is not present either,
Therefore, the maximer extent in & northeast-southwest direction would
be about ceven ond o half milss, Extent to the southeast could not be
determined because the bichern has been removed by erogien. The northe
west cxtent could not be ascertained because of cover Ly younger
formations,

Four different nreas are recognized In the viciaity of reefs. The
back reef s the zene betwcén the reef and the shoreline. It Includes
the area of lagoonal and continental. deposits comnecting the land with
the reef, The reef refers to the bicherm ftself. The fore reef is a
zone of clastics derived from the reef on its seaward side. The reef ‘
complex is the aggregute of the former three facies. The basin refers ;
te the nornal marine deposits scaward of the reef and the fore reef.
The Pasin deposits are often referred to as deep-vater deposits, The
author docs not feel that this is & necessary requirement of basia
depogite however, ‘

The Lyen County bisherm apparently is a local development of the
regregcive molluscan phase of the Durlingsnme Cyclothem. If this s
the correct interpretetion it would be a regressive bicherm, The main
dist inction between regressive bicheras (formed during regression or
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ghallowing of the gea) and tronsgressive bioherms (Lformed during trange
gression or despening of the sea) is that regressive bicherms posses &
typical back reef facies and transgressive bichermg do mot., The Lyon
County bioherm definltely contains a back reef facies slong with a fore
reef, recl, and basin facles, The molluscan coquina present at all
three exposures makes up the reef faclies. It comprizes the entire
thickness at Locality EE, the lovermost and uppermost parts st Locality
FF, and the upper past at Locality CG. The fore reef facles consists
of the sandy zones composed mzuinly of reef detritus in the middle part
at Locality IF and the lower part ot Locality CG. For the most part
these zones are composed of fine shell fragnents, but complete shells

of brachicpods and pelecypods are present (Fige 39). At Locality FF

the contact between the reef facies and the fore reef fucies is abrupt
(Pige LO & Ll). At Locality GG this centact is gradatiomal, A come
plete transition from very fine fossil debris and a large amount of

sand at the base (Fig. L2-4) to medium sized fossil debris and less
sand in the middle (Pig. 4i2-B) to true reef facies with no sand at the
top (Fig. h2<C) exists. This reflects progressive lateral growth of the
bicherm toward this locality. The busin facies consists of the non-
marine shales and coal beds south and west of the bicherm. This back
veef Meies in the upper part of the Soldier Creek contimues south to the
extent of the area studied. These back reef continental deposits overlap
the reef facies. At Locality EE for instence, the reef facies is overe
lain by twe feet nine inches of black shale that becemes increasingly
‘carbonaceous upward, termimating in a thin coal bed (Fig. 43).

According te the characteristics of regressive bicherans given by
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Link (1950, p. 28kL), the Lyon County bioherm definitely is of the
regressive type. The back reef, reef, fore reef and basin facies
described by Link are very similar to the ones developed in this
bicherm, Continental or possibly lagoonal shale and Gﬁ‘l constitute
the bachk reef facies which is the chief distinction between regressive
and transgressive bicherms, Link algo points out tﬁt the back reef
and reef facies overlap the fore reef and basin facies during normal
rétreat of the sea. In Lyon County bichera the back reef does overlap
the recf and the reef does overlap the tm -reef. The fact that
this biochern cverywhere overlies marine deposits and is overlain by
continental deposits is further proof that it is a regressive bicherm.
Underlying marine deposits consist of sandy marine shale with thin
limestone beds containing bryozouns and pelecypods. This marine shale
extends both north and south from the bicherm in the lowesr part of
the Soldier Creeck. The continental shale above the bicherm extends
both north and south, but the coal bed is not present north of the
bicherm. . 4

The fauna of the Lyen County bicherm is dominated by pelecypods
but brachicpods and gastropeds are sbundant and bryoscans are common.
A few very rare crinoid stems and fusulinids are present. Several
hundred specimens of pelecypods and brachiopods were collected on
large slabs of the reef material from the quarry at Lecality EE (Fig. Lh).
The fossils are firmly imbedded in the limestone and do not weather out
making identification difficult. It was almost impossible to examine
intermal features.




FI1G, 38.

FIG. 39,
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Vertical peel print of reef facies of Lyen Coumty bichern,
Loce FF.  (Xh).

Vertical peel print of fore reef facies of Lyon County bicherm.
Yote whole shell of cragsa var, pichmonds, Loc. FF. (Xh).




FIG. 5;0s Ilyon County bioherm, Nammer head is resting on abrupt cone
tact between fore reef facles below and reef facles sbove.
Loc. FP,

FiG, Li. Vertical pesl print of sbrupt reef-fore reef contact in Lyen
County bicherm, Reef facles below and fore reef facies above.

Loc. FFQ (Xh)' ‘

P




Ce

B

A,

FIG. h2.

Vertical peel print of transitional reefefore reef contact in
Lyon County bicherm. Note transition frem very fine (A) to
coarse (C), Loc. GG.

Ce= Reef facies (le)c

B.= Upper fore reef facies (Xki).

A.» Lower fore reef facies (ML),
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FIG, 3. Contact of non-marine shalec and coel with marine shale and
lineostone, SCeSoldier Creesk Shaley C~Coal bed; WeWahkarusa

Limestone. Loc. EE,

Three suborders of pelecypods ave present im this bicherms
Hytilacen, Pectinacea, and Cypricardiaces. The Mytilacea are the most
abundant, the Pectinacea are next in abundance, and the Cypricardiacea
are not nearly as sbundant as the first two groups. The fellowing :

genera and specizs of the Mytilacea were idenmtified: 1

Pr i1 i Newell
%‘" Eﬁ%%u
na ) cf. sloconi Sayre.

The following genera of Pectimmcea were identified:

Avicul R SPe
m'&%n 8P

S
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Only onz speciles of Cypricardfacea wms identified:

Pleuwrophorus subcogstabus Meek and Worthen.

Identification of the pelecypods was mede using the excellent work

of Hewell on Late Paleozofc Mytilacea (1942) and Pectinacez (1937)

and by comparison with holotypes and tepoparatypes from the University
of Kansas Nuseum of Paleontology. Dunbar and Condrz (1932) was used

for identification of brachiopods.

FIG, Lh. Upper surface of reef limestone from Lyen County bichern.
Hote abundance of clams, Loc. EE,

Only ohe species of brachiocped, Derbyia crassa var. richmonda,
is present, but it is rather cemmen (Fig. 39). Because of poor

preservation of the gastropeds, it was not possible to {dentify any of
them, However, a large mumber of bellerophontid and spiral forms are

present.

h._—___—-—-—d
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Fenestrate, ramose and encrusting types of bryozeans are pregent.
They were not nearly as abundant as the mollushks and brachicpods, however.

The insoluble residues of the reef facies compose a small part of
the lincstonee-about 2 percents In the fore reef facies, on the cther
hand, the peccent of residuc is very high. It averages 30 percent.

The course fraction is rather large, averaging about LS percent in
the reef facies and 68 percent {n the fore reef faciecs, Rounded to
angular quartz sand was present in all samples of this unit, averuging
73 percent, Juscovite, averaging 8 percent, and chert, averaging 4
percent, werc also pregeat in all samples,

In order to discuss the envireonment of deposition of this biohera,
something must be known of the environment under which the reef-forming
organisns lived, Because almost all of the organisms found in this
deposit eve sessile forms, aluost all of thea must have had & part In
the formation of the bichera,

The mytiloid clams are all sedentary (Moore and others, 1952, p. L29).
They lived in a shallow-water, near-ghore environment and could tolerate
relatively large vaviations of salinity (Wewell, 1942, p, 1k). Because
these organisms are the most abundant in the bicheram, they probably
played a major part in its formation.

The pectinoid clams iived in a near-ghore, shallowe-water environe
ment also. They are commcnly attached, at least in carly life, and may
remain scdentary or become frec-moving in later life (loore and others,
1952, p. h23). Newell (1937, p. 12 & 20) says that the Late Paleozoic
pectinoid clang were active organisms that may or may not have been free-
swimming, One of his evidences is that these clams are seldem covered

{
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by encrusting orguaisss, even whea they ccowr with other clans t&t are
encrusteds In the Lyon County biohernm the pectineid clams were commonly
found encrustdd by byoucans. So, possibly these forms in this biochemm
resained attached throughout thelr 1ife,

The brachiopods and bryozoans are all attached organisms that pree

fer shallow watex., According to Moore (1929, p. L69) the brachioped |
Dexbyia, found in such mbundance in this reef, preferred a muddy environ-
nents Its occurrence in this reef is therefore a seeaingly anomolous |
situation. Bubt, it was found that Derbyla definitely occurs in zones
within the bicherm, being abundant in som¢ layers and absent in others.
Pogsibly the occurrence of this form ceincided with times of muddy
water in the area of the zeef, and would,; therefore, be found oaly in
certaln zones. Degbylan wes also found couimly in the fore reef
facies, a more nuddy enviremment than the reef itself,
The gastropeds, although péohubw not sessile forms, were, like
all gastropods, sluggish, slow-moving creatures that commonly occur
on hard, shelly bottoms (Moore, 1929, p. 470). Their occurrence in
this bichezmy; therefore, is not surprising.
 In gencral, the organisms found in this biohern are shallow-water,
neareshore, forms that thrive in warm water and brisk currentse-an
{deal reef fauna. |
A detailed histery of reef growth and deposition of the asseciated
sediments is impossible to recenstruct from as few a nuuber of outcrops
, as were studied. However, the gencral conditions in relation to cyclic
sedinentation can be reconstructed. After deposition of the fusulinide
esagite bed (.5) of the Burlingame Cyclothem in the avea of the Lyon
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County bicherm the sea became progressively shallower. Sandy marine
ghale and thin limestone beds were deposited under these shallewing
conditions. These deposits represent unit .6 of the cyclothem, Clams,
vhich later formed the biocherm, lived in this shaly envirenment. iWhen
" conditiens of depth, salinity, temperature, currents,; food supply, ctc,
became idenl for the growth of these cloms along with other mollusks
and molluscoids, they began to inhubit the area in profuse nuibers and
great quantities sccumulated on the bottem. Other mellusks and
molluscoids attached themselves to the hard betfen formed Ly the
accumulated shells. Continued growth of these organisms began %o

build up a vertical mass from the sea floor forming the bioherm,

o7 of the Burlingmme Cyclothem. The exposure at Locality EE that cone-
tains noifore reef deposits was probubly near the point of origin of
this bicherm, Vertical growth of the bicherm cembined with the con=
tinued shallowing of the sez brought the reef mass Into the zone of
heavy wvave twbulence. This resulted in marine erosion of the reef
mass and deposition of the eroded material as fore reef on the secaward
flanks to the south and east (Locality GG) and loecally on top of the
reef itself (Locality FF). As the sea regressed further, the shore-
ward, highest part of the reef mass was left in too shalliow a water for
further growth, Lateral growth in o secaward direction te the south and
east then rosulted, causing overlap of forercef deposits by the reef
facies at Localities FF und GG. The rate of regression eventually
exceeded the rate of reef growth, causing the back reef facles that had
been accumulating shereward from the bishera to overlap the reef complexs

thereby bringing growth to a close. The lagoonal and continentul shale
vhich thus accunulated above the bioherm represents the terminal phase




of the Burlingame Cyclothem (.8~,9). This shale grades juperceptably
upward into more céntinental shale and coal (,1 of the Wakarusa Cyclo=
them). The basal sendstone, .0 of the Wakerusa Cyclothem, which should
separate these shales is abseat in this area of Lyon County as it is
throughout the arez of this report. Figure LS illustrates the dis-
tributicn of the different facies around this bichern.

Northern Areas The northern arca includes the exposures of the
Soldier Creek Shzle at Localities A through We It includes all of
Shavnee Ceounty and the ncrthernmost part of Osage County. A large
variety of deposits arc contajned in the Soldier Creck of this area.
Included are nonemarine shale, coal, marine shale, mudstone, limestone,
and the Shawmee County bioherm. The reader should refer to Plate 2
for correlation of the stratigraphic sections ia the vicinity of the
Shavnee County bicherm and to Plate 1 for the area north of the bioherm.

The small molluscan bioherm in the southern part of this area is
quite similar lithelogically to the Lyen County bicherm, The reef
focies is 2 massive, coguinoid limestone that weathers into thin beds
(Fig., L6)s Fany of the fossils are aligned parallel to the bedding
(Fig. LT), but most have a completely random orientation. The fossils
ere Interbedded in and £illed with clear crystalline caleite, probably
of secondery origin, in which rhombohedral cleavage is welledeveloped
(Pige 48). The recf facies makes up the entire thickness at Localities
R, Q, S, and U and the upper part at Locallties O and V and the lower
part at Locality P. The fore reef facles is also welledeveloped, In
most cases it consists of finely divided, broken fragments of the fossils
that make up the reef facles (Fig. L9)s Such a development of the fore
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reef 1s found in the lower part of the exposure at Localities O and V
and the upper part at Locality P. At Locality U a conglomerate cone
taining reef {ragments and rounded fragments of dense limestene in a
calcareous matrix occurs above the reef facies (Fig. 50). This also is
interpreted as part of the fore reef facies. It probably represcenis
destruction of the upper part of the reef by wave action., Reef facies,
therefore, is flanked by fore reef deposits on all but the east side,
The cast. flank has been removed by recent erosion, hut i1t seems
reasoneble to assume that fore reef deposits existed on this side also.
The basin faclics is apparently represented by a calcareous zone in the
Soldier Creck Shale that is present north of the bicherm (Fig. 51 & 52).
This zone is present at all localities north ef the bicherm, but has a
slightly different development at each lecality, It consists of cale-
carcous shale, "punk beds®, slightly calcareous mudstone, argillacecus
limestone, and algalemolluscan limestens, The term "punk bed" refers
to a very carthy, yellowish crange limestone that weathers into a lime-
stone boxwork (Fig. 53). There seems to be a gradation from west to
cast of "punk beds" to mudstone and/or argillaceous limestone (Pig. Sl)
to algalemolluscan limestone (Fige. 55). These beds also grade from
unfossiliferous on the west to fossilifercus on the east. This series
of deposits, .tmt‘m, probably represent {resh-water or lagoonml
deposition in the western part where the argillacecus content is high
and fossils ave abgent and normal marine deposition in the eastern part
vhere pure limestone with marine fossils occurs. This calcarcous zone 1
overlies non-marine shale and local coal beds. No back reef facies wes

cbserved anywhere in connection with this bichernm,




PIG, 46. Reef facies of Shawnee County bioherm, MNote mumerous fossils.
LOC.' SQ §
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FIG. L7. Vertical peel print of reef facies of bichern
showing parallel shell fragments. Loc. S. xh;. |




FIG., k3. Horizontal peel print of Shawnee County bicheram reef facies showe
ing rhombohedral cleavage of transparent calcite cement. Loc. R. (X7)
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FIG, L9, Vertical peel print of fore reef facles of ﬂngo ’
bicherme pl.lotcp;inely divided fossil debris. o« Vo !L e




FIG. 50. Vertical peel print. of fore reef conglomerate, Hote reef
fragments and rounded limestone fragments. Loc. Us (Xh).

FIG., 51, ‘’udstone zonez in Soldier Creck Shale below Wakarusa Limestone.
Loc. 1.
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FIG, 52. Bern Limestone just south of Kansas River, Note mumerous thin
nudstone layers in Soldier Cresk Shale, BeBurlingome Limcstone;
SCa501dier Creck Shalej WeWnlarusa Limestons, Loc. M.

FI1G. 53.
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FIG. 5h. Vertical peel print of mudstone. MNote fineegrained texture
and leminations paraliel to bedding. Loc. Je ().

FIG, 55, Vertical peel print of algalemolluscan limestene of Soldier
Creek Shale. Note fine fossil debris. Loc. B. (”l)o
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The insoluble residuecs of the reef complex £it in quite well with
the division into reef and fore reef fucies. The percentage of residus
of the reef facies s very low, averaging only 1} perceat. Angular to
subangular quartz sand, averaging 4O percentj clay and silt aggregate,
averaging L5 percenty und muscovite, averaging 5 percentj are present
in all samples analyzed from the reef facies, The fore reef contzins
nuch meore clastic material, as should be expected. It is composed
almost entirely of anguler to subangular quartz sand.

The relationship of the Shawnee County bioherm to underlying and
overlying strata is quite distinctive and important. The lower con~
tact of the bicheran is @ prenounced unconfornity that cuts across the
lower part of the Soldier Creek Shale, the eantire Burlingame Limestone,
and glightly doun into the Silver Lake Shales This unconformable
relationship can be scen by exanining the sections at Localitics P, Q,
Ry S, and V (Plate 2)., At Locality P the bioherm rests unconformably
on the nonemarine shale of the Soldier Creel, AU Locality R and V it
rests unconformably on the Burlingame Limestone. The upper surface of
the Burlingame is deeply weathered (Fig. 56). Because of the very small
thickness of the Burlingame at Locality R, it is thought that several
fect werc removed by erosion before formation of the owerlying bichera.
The unconformity is well exposed at Locality S aleng the southeast side
of the Kansas Turnpike. Here the unconfornity cuts across the entire
Burlingame Limestone along the outcrop, causing the biohera to rest dire
ectly on the Silver Lake Shale at one point (Fig. 57). At all localities
vhere the upper contact of the bichera was cbserved, it graded upward
into calcorcous marine shale that locally contains limestone modules.
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The bacin fecies is also overlain by calecarcous marine shale. This
rmﬁe shale, Is, in turn, overlain by fusulinldebearing Wakarusa
Linestone,

The abovec-nentioned characteristics and relationships of the
Shavnec County bicherm serve to substantiate one thinge-this biohers,
wmlike the Lyon County bioherm, is of the tranggressive type.
According to Link (1950, p. 28L), the absence of buck reef facies above
and shorevwerd of the reef is & necessary prerequisite for a transgressive
bioherm, und the presence of buck reef fucies aluays Indicates a
regressive biochern. No bock veef deposits were found to be in any way
associoted with the Shawmee County bicherm. Link also points out that
the adjocent ond overlying scdiments of a transgressive bichern are
esgentinlly the seme, Such Is the case in the Shumee County bicherm,
vhere adjacent and overlying deposits consist of calcarcous marine de-
posits. Jdded to the above general cheracteristics brought out by Link
is the fact that the bichern rests on an unconformity, that it is undere \
lain by non-garine depesitse-even ceal, and that it is overlain hy
mrine deposits. This gives us swbstantial evidence that the bichern |
was developed during transgression of the scde The unconfornity
attests to previous sub-aerial erosion or possibly marine eresion hy the
transgressing ses. It has been suggested that this deposit could be
8 detrital deposit laid dowm in & depression in the gea flgor. In the
authorts opinion, the sessile mature of the geef-forming organisns, the
abgence of detrital material in the reef itself, the almost complete abe
sence of insoluble vesidue in the central and thickest part of the
fenture, and other factors almost completely rule out this possidility.

B




FIGs 56. Vertical peel print of weathered Burlingame Limestene below
unconfornity, Pseudocressbedding is due to limonite
concentrations., Loc. V. (xb)c .

|

FIG, 57. Unconformity at buse of Shawnee County bicherm. At left
of photograph blohera rests directly on Silver Lake Shale,
SleSilver Lake Shaley BeBurlingame Limestone; ReReef facies
on Shawnee County bicherm. Leocs S.
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The fauna of the Shawnee County bicherm is dominated by mollusks,
Pelecypols are the mogt abundant, but gastropeds are very numerous,
Other fossils present, bhut not in abundance, include ramose hryozocans,
fusulinids, crincid stems, nautoloid cephalopeds, and sherk teeth,

Pelecypods present are almost eatirely mytilold types. Among this
group Ifyalina and Promytilus were Identified. Aviculopecten was also
fomd (Fig. 58). The pelecypods arc firmly imbedded in the limestone

and do not wcather out. For this reason identification is difficult,

FIG, 88, Vertical peel print of reef facies of Shawnee County biocherm
showing numerous pelecypods. Loec. P. (XL).

Gastropeds are quite varied. High-spired, low-spired, and
bellerophontid types were present in abundance (Fig. L8, 59,'s 60).
They do not weather out of the limestone and were too bdadly weathered
for identification,




FIG, 59. Horizontal peel primt of reef facles of Shmunece County bioherm
showing bellerophontid gustroped. Loc. S. (X6)

Bryozozns present .are nll of the ramase type and are present
only in the lower and middle part of the reef facies,

Thz very sparse fusulinidg present are of the small, inflated,
fusiform type present in the underlying Burlingame Limestone
(Triticites sullonensis 7).

The occurrence of shark teeth s noteworthy. Three teeth were
found, all at Locality S in the reef facles. They were identified as
belonging to Yenacanthus gompressus (Wewberry) (Fig. 61). Xenacanthus
Is a member of the only lmowm group of freshewnter sharks., One
Pennsylvenlan species (gompressus) and two Permfan species (texensis
and platypternus) are hnown,




FIG, 60, Horizontal peel priant of reef facies of Shawnee County bicherm
showing coiled gastrepod. Loc. V. (Xh).

FIG, 61. Teeth of Xenacanthus compressus (Newberry). Loc. S. (x2),



A little more is lknown about the extent of this bicherm than
the Lyon County bioherm. Eight stratigraphic sections were measured
that contained a portion of the bicherm, and several more were
measured close to the bicherm. The maximum thickness measured was
at Locality Q where 10} feet ave exposed. The minimm thickness,
onc and a half feet, s at Locality O, Figure 62 shows the thicke
nesgs of the reef complex throughout the area. No sections were meae
sured on the northeast flank because recent erosion has removed the
bicherm in this arca. As can be seen by reference to FPigure 62,
the bichern Is roughly efreular in shape with the steepest slope on
the nerthwest flank., If it was possible to obtain mere control
points the bicherm would probably be found to be much more irregular
than is shom; The diancter is interpreted to be about four miles.

It is possible that this bicherm extended much further in a
northeast direction, but this can not be determined because there
are no more exposures in this direction.

In comparing this bichezm with the Lyon County bicherm, only samll
differences in faun2 are found, In the Shawnee County biocherm, gas~
tropods are more abundant and Pectinacea are less abundant., Otherwise,
the fuumas are very similar. The occurrence of shark teeth in the
Shawnee County biochera is actually not too significant, since only
three teeth were found, Hotton (1952, p. h98) discussed the environ-
ment of Xenacanthus. He states that this shark lived in ponds and
streams since its remaing are found in channel and lacustrine deposits.

The type specimen of Xenacanthus compressus was deseribed by Newberry
(1856, p. 99) from apparently nonemarine Carboniferous deposits in Ohio.
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The author has not seen reference to this crganism having been found
in marine depesits, Since this bichern is definitely 2 marine deposit,
this shark probably did not live in this enviromment. It could have
been carried from a river into the sea by currents which left it
to become buried in the bicherm. There Is also the possibility that
Xenacanthus compressus could have inveded the lagoenal er marine environe
ment or that actually this was a marine animal,

The cyclic relationships of the Soldier Creek Shale in this area
are complex, Overlying the Burlingame Limestone is an unfossiliferous,
apparently non-marine shale that represents unit .8-,9 of the Bure
lingame Cyclothem, Above this shale should be the basal sendstene (.0)
that marks the beginning of the Walmrusa Cyclothem. It was not observed
within the three counties studied for this report. However, the un-
conformity at the base of the bicherm does show that erosion did take
~place, Since the basal sandstone is absent, the £irst deposit of the
Wakarusa Cyclothem is the continentsl shale and local ceat (.1). It {1
merges imperceptably with the nenemarine shale below it (.8=.9).
This continental shale and coel (.1) is present in the northern part ‘
of the area, and It was probably present throughout the area, Dut, 'f
boumofthemmfmitymthcmetmmmum i
its former presence can not he determined. The marine shale unit (.2) 1
of the Walmrusa Cyclothem is present sbove the nonsmarine shale and
coal, hut was probably removed by ecosion near the area of the present
bioherm., The Shawnee County bioherm and associated calcarcous zone
(basin facles) represents unit .3, the transgressive molluscan limestone
phase of the Uakarusa Cyclothem. This phase fs welledeveloped at all
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localitics within this area. The marine shale overlying the biocherm
and calcareous zone represent unit .l of the cyclothem, It is like-
vise present in all localities in the northern area.

The Shawnee County bicherm appears to have been formed in an
environment that was essentially the same as that of the Lyon County
bicherm., It is quite reascnable to us@ that the same environmental
conditions could occur at two different times--once during the regression
of the sea and aguin during the transgressicn of this sea. The organe
iems that form these bicherns did not die out between regression and
the following transgression. They siuply followed the retreat and
advance of the sen. If the Soldier Creek Shale was studied in detail
over a larger area it is quite likely that similar bicherms would be
found, The only difference between these two bicherms, then; is that -
the Lyon County bioherm was formed during the regression of the sea and
was covercd by none-marine deposits while the Shaumee County bicherm was
fermed during transgression of the sea and was covered by marine depesits.
¥ave erosion took place over the reef facies of the Shawnee County
bichern: much as it did over the other bicherm, resulting In the deposition
of fore reef debris. The Shawnce Counky bichern grew laterally over this
fore reef, and scme fore reef material was deposited on top of the reef
facies, just as occurred to the south in the other bichern. When, due
te continued transgression of the sem, the water became too deep for
further reef growth, the Shawnee County bicherm was covered by marine
shale that ended growth., The distribution ef the different facies

around the Shawnee County bicherm is shown in Figure 63,
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Centzal Areas The Central area includes the Soldier Creek Shale
exposuxres from Locality W to DD. This is the area between the twe
bicherms, It includes almost all of Osage County and a small part of
Lyon County. The stratigraphic sections meagsured in this area will be
found in Flate 1,

The Soldier Creek Shale between the two bicherms consists entirely
of shale which is apparently non-marine except for a few inches near
the upper und lower coatacts. I represents a transition between wnit
o0ee9 of the Burlingame Cyclothen and unit .1 of the Wmlmrusa Cyclothem
~=both nonemarine shales. The basal sandstone (,0) of the Walarusa
Cyclothen, which separates these two ghale units in the typical cyclo-
them, i{s abgent in this area as it is throughout the area studied,

When traced laterally this non-marine shale (.8«.9 and .1) in the cen-
tral aven correlates with the non-marine shale that overlies the Lyon
County bicherm and underiies the Shawmee County bicherm.

The lower few inches of the Soldier Creck just above the Burlingame
in this arca is generally calcareous and often contains brachiopeds,
indication of a marine origin. It répresents unit 6 of the Burlingame
Cyelothem and correlates laterally with the marine shale just below
the Lyon County bicherm, but does not secem to be present in the northern
area,

The upper few inches of the Soldier Creek just below the Wakarusa
Linestone is a calcareous shale containing marine fossils. It repree
sents unit L of the Walmrusa Cyclothem and correlates laterally with
the marine shale above the Shawnee County bicherm to the north and with
the marine shale above the coal bed below the Wakarusa Limestone to the
South,
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Reaional Relationships of Bicherms: The area of this report is
ot the southwestern edge of the Porest City Basin. The axis of the

Hemnha Anticline is just west of the area and the axis of the Bourhon
Arch crosses the southern pert of Lyon County (Fig. 6h).

The Lyon Cotnty bichern and the Shawnee County bicherm were formed
on the cdge of the Parest City Basin. In this respect these bicherms
are sinilar to others that were formed on the flanks of basins, The
FPorest City Sasin underwent dominantly subsiding movements throughout
Late Pennsyivanian and Early Permian time accerding to Lee {1943, p, 10).
The Dourbon Arch to the south and the Nemmha Anticline to the west were
positive clements around the edge of the Forest City Pasin during this
same time, The deepest part of the Forest City Bzsin is to the nerth
of the area studied (Fig. 6h).

The arrangenent of facies around the two bioherms definftely indl-
cates regresaion of the sea to the northeast followed Ly transgression
of the sez to the southwest during the time that the biocherms were being
formed (Plg. 45 & 63). This is seeningly in conflict with the general
regional regression to the southwest and transgresslion to the northeast,
However, the Soldier Creck bioherns arc small, local features., Therefore,
trregularitics in the shoreline could produce such apparent differences
in direction of transgression and regression. It 1s reasomable, however,
to agsune that the Nemaha Anticline and Bourben Arch emerged during
regression at an earlicr time than the Forest City Dasin emerged. After
these two positive aveas emerged, the sea would necessarily regress to
the northeast Iato the deeper portlion of the Forest City Basin. If these
positive areas emerged, Mmmmumwww




emergence of the Namaha Anticline and Bourbon Arch to the west and
south. It therefore, was formed during regressicn of the sea to
the northeast inte the Forest City Basin during the latter part

of the Burlingame cycle (Flg. L5). The Shawnee County bichern was
formed duriig the succeeding transgression of the sea to the
southwest toward the emerged Namaha Anticline and Bourben Arch
during the early part of the Wakarusa cycle (Fig. 63). The lNemaha
Anticline and Bourbon Arch were probebly cm by the sea except
during the carly and late parts of the cycles.
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Wakarusa Linestone

Lower Pusulinid Beds A dense limestone characterized by the
presence of small fusulinids ocours at the base of the Walmrusa Limes
stone, It is fairly persistent, being present throughout Shawmee
County and the southern portion of Lyen County but abgent in Osage

County and the northern part of Lyon County,

This limestone is dense, hemogenous, fairly pure, and aimost
everywhere consists of one thin bed about seven inches thick., Throughe
out Shawnee County it is separated from the remainder of the limestone
beds mbove by a thin shale (Fig, 65). In Lyon County, where the lower
fusulinid limestone is again present, this shale is not present. The
hemogenous nature of the lower fusulinid bed can not be overemphasized.
It is essentially the same in the northern part of the area studied
(Pig. 66) as it is in the sout.hern plrt. (F!g. 67) e

|

ST S x“% bl 'P#




FIG, 66, Vertical peel print of lower fusulinid bed typlcal of
northern part of area. Loc, H (Xh)o

PIG. 67. Vertical peel print of lower fusulinid bed cal of south=
ern part of area. WNote similarity to Fig. Loc. EK. (Xh).
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The fauna of the lower fusuliald bed is deminated by fusulinids and
erinoid remnins, Thg fusulinids ure very smuall and héve an inflated
fusiforn shape liltelfhoae of the Burlingame Limestone (Fig. 67). If
these fusulinids and the cnes in the Burlingame are Triticites
gullomensis, as is thought, then the upper boundary of the subzone of
this specics should be moved wp from its present position of the
Burlingame. Crinoid remains are comuon, but not as abundant as fusulinids.
Columals nnke up almest all of these remaing, however a few parts of
the caly: were found, Most of the columnals are of a small size. Algae
are nuicrous, Doth Ottonosia and Osagfs are present. Ogagia is present
In nost exposwres but not in large mubers, It is small and encrusts
fragnents. Ottonosia is the most abundant type of algae in this unit.

I£ foerme lorge encrusting masses. This organism was observed to encrust
horn corals especially (Fig. 68). Encrustations of the brachiopod
Dictyeclostus were also cbserved commonly. Apparently Ottonosia favors
large fossils. Alsc brachiopeds are numerous in this lower wnit.
Dictyoslostus and Composita especially are sbundant. Eryogoans, especially
the ramese type, are abundant, The mollusks are represented by fairly
common suall gastropods and & very few gparse peledypeds. Horn corals,
especinlly Lophophylilidium, are cemmon. Rare arenaccous foraminifera

are present.
The insoluble residues of the lower fusulinid bed have little coarse

moterial. The amount of residue generally Increases from south to morth.
The percent of coarse fraction is relatively consistent at about 5 perw
cent on the sverage. Clay and silt aggregate Is the most abundant,

averaging approvizately 50 percent. Arenaceous foraminifera constitute
an average of about 30 percent., Other constituents are minor and varied.

- o id
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FIG, 68, Vertical peel print of lower fusuiinid bed showing algal en=
crustation of horn coral. Algae is Ottomosis. Loc. H (XL).

The lower fusulinid bed of the vakarusa Limestone represents unit
o5 of the Walmrusa Cyclothem and probably represents a depositional
environment quite similar to the fusulinide-osagite bed in the Burlingame
Linestone, previcusly discussed. Algae are present in both of these
units, but they are not nearly as abundent in the unit under discussion
as in the Burlingame fusulinideosagite bed. As previously mentioned,
a fusulinid bed such as this could be deposited in shallow water if the
waves and the resulting bottom agitation were small, Algae flourish in
shallow, clear water. The algae preseat in this unit attest to such
conditions, but, since they are not very abundant, conditions were pro-
bubly something less than ideal. The water may have been a little
deep for these algae. Crinoids, since they are delicate animals, ree

quire sufficient depth to aveld destrustion by waves (Moore, 1929, p. L7h).
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Crinoid remains arc wbundant in this uait,; but they are small and
brolen up, indicating at lemst seme turbulence on the bottem, In light
of the evidence fuwrnished by the fusulinids, algee and crinoids, it is
concluded that the fusulinid bed was deposited in clear water far from
shore, Thc depth was less than that of a limestone composed almost
entirely of fusulinids but more than that of algal-molluscan limestones.

As previously mentioned, there arc two areas of outerop of the |
lower fusulinid bed., It is present from the vicinity of the Shaunee
County biohernm to the northern exteat of the area studied, In this
arez it alvays overlies the amrine shale that represents wmit L of
the VWalkarusa Cyclothem, To the south it is present in southern Lyon
County from Locality II to the southern extent of the aves studied.
Here it apparentiy rests on unit .2, o marine shale above & coal bed |
(sle). Instend of unit .2, this marine shale aay be unit i, also a
wacine shule, or it could be units .2 and .4 combined, Since the
transgressive molluscan limestone (.3) is absent in this southern part,
there is no way of deternining whether this is unit .2 or unit L.

The lower fusulinid bed is overlain by & marine shale (.8) in Shawmee

County (Pige 65). This shale is not present in Lyon County, Instead

the lower fusulinid bed is overlain by the encrinal limestone bed, the
next unit to be discussed.

Encrinal Limestone Beds A detrital limestone charscterized by the
presence of very abundunt crinoid fragments, especially stems, ccours
in the middle pert of the Walkarusa Limestone. This bed is the most
persistent unit within the eatire Sern formation. It is present in all
exposuves of the Uakarusa studied within Shawnee, Osage, and Lyen
Countics,
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The cncrinal limestene 1z predominantly detrital, magsive to thicke

bedded, ond ustally has uneven transitional contects with the beds

sbove and below. Fossil fragnents hove 2 randem orientation (Pig. 69).
The thickness of the enerinal limestone is generally 2 foot or more in
the northern part of the area (Pig. 70). It thickens soutimmrd to as
mech oo five feet (Fig 71). At o very few localities thin shele parte
ings or nodular zoncs occur within the linestone, Overall the encrinal
linestone 1s very homogenous throughout. lowever, it does tend to ke

slightly more detrital and ccarse grained te the north (Pig. 72).

F1G, 69. Vertical peel print of encrinal limestone bed showing random
ortenmf:ot fragnents. Loc. C. (Xh).



FiG, 70 u...p;“.c‘ part of Walaruse Linmestone. Encrinal limestone bed is
2 level wit h hamer, Upper fusulinid bed is above hammer,
Hote Ctionosin envrustations weathering ia relief. Loc. A.

R VNG I T

FIG, 71, Maximus thickness of encrinal limestene bed. Loe. CC,




FiG, 7¢. Hovizontal peel print of encrinal limestone bed showing coarse
grained texture, Loc. M. (Xh).

The founa is overwhelaingly deminated by crineid debris. Individe
wl and connccted columnals aluwost entively compose this debris (Fige 73).
Steas as long as a foot were cbserveds These columals are generally
lagger than those of the lower fusulinid bed. Algae are fairly numerous.
Ottenosia is the wost abundant of the algee (Fige 7h)e It forms large
growbhis that weather in relief on mn outerop (Figs 70). QOttonogia also
eacrusts horn corals in this wit (Fige 75)e The algae Osagia is alse
present, but it is not as numerous as Ottencsia (Pig. 76). Several
specinens of the trilobite Ditmcpyge were collected frem this unit,
They generally oceur in the transition zone with the shale below and
were numerous at Locality H and I, Horn corals alse are fairly numerous




vithin this bed, They are commonly encrusted with algae (Fig. 75).
Both Caninin and Lophophyllidium were identified, but the latter is by
far the most sbundant (Fig. 75). Other fossils present, but fairly
rare, include arennceous foraminifera, brachiopods, pelecypods, small
gastropods, and brtyozoanse-hoth ramese gnd fenestrate types. Fusulinids

are absgent.

Vi, + Herizontal 1 print of encrinal limestone bed M&g lndivld-
" wl and cmz:ted erinoid colummals, Locs IX. (Xkh).
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FIG. 7he Vertical 3(:30%. print of encrinal limestone bed showing Ottonosia.
l.oc, Ye Xh)e

FIG, 75. Vertical peel print of encrinal limestone bed showing algal
encrustations of coral. Algae iz Ottomosia. Coral is

Lophopiyyllidium. Loc CCo (A0)s
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Insoluble vesidues of the en¢rinal limestone vary from place to
plece. It is relubively detrital as is brought eut by the rather high
percent of totul residus=-15 percent on the average, and the rather
large coarse fraction. Arvenaceous foraminifera and clay and gilt
aggregate make up ¢ssentially all of the residues,

The encrinal limestons represents a regression of the sea after
the deposition of the lower fusulinid bed. It therefore represents
unit »7, the regressive limestone of the Waksruse Cyclothem. Algae
generally characterize this particular phase of the cycle, but it is
quite variable in founa, The encrinal limestone dees contain a large
nuber of algae, but crinold remains are more abundant. Algae of
course require shallow, clear wuter for growth. Crinoids, because they
are delicate, require sufficient depth to aveid destruction Ly waves.
But, as Moore (1929, p. L70) points owt, crinoids may flourish in
broad, shallow bodles of water where the waves are small and do not
greatly distwd the bottom. The horn corals present in this bed, if
their habitat was the same as modern corals, lived in warm, shallow
waters. Lophophyllidium, according to Moors (1929, ps L468) has the
particular feature of flourishing in muddy enviromments. Since
MiMdsmMWMthnt&Mlmcmw
shore for thems Also, mollusks are more abundant in this bed than
they generally are in fusulinid limestone. A fairly high amount of
residuc und correspondingly high coarse fracticn indicates a fairly
close proximity to shore. Taking into account the evidence furaished
by the fauna and the insoluble residue, it is comcluded that this bed
was deposited in a fairly quiet, shallow water near shore. The environe
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nent was not in as shallow & water or as near shore as the moliuscan bed
of the Burlingame Limestone, however. The encrinal limestone represents
regression alier deposition of the underlying fusulinid bed. The
regression was not long, however. A fusulinid limestene is.the next

bed to follow. The encrinal limestonc is the result, then, of a

saall fluctuation of the sea (Fig. 3).

In Shawnee County the encrinal limestone is underiain by a marine
shale, .6 of the cycle., In Osage and northern Lyen Counties where the
lower fusulinid bed is abgent, it rests on marine shale that may be
either unit .2 or Ji of the cycle. In southern Lyen County it rests
directly on the lower fusulinid bed, .5 of the Wakarusa Cyclothenm,

In all cases vhere the top of the Wakarusa meaber is exposed, the
encrinul limestone is overlain by the upper fusulinid bed of the
Walmrusa Limestone, the next bed to be discussed.

Upper Fusulinid Bed: A detrital limestone bed characterized by
the presence of abundant large fusulinids eccurs at the top of the
Valmrusa Limestone. It is very persistent; being present in every
outerop within the area studied where the top of the Walarusa mesber
vas exposed,

This limestone is detrital, maseive to thick-bedded, and erdinarily
hus an undulating, transitional lower contact and 2 flat, abrupt upper
contact. Fusulinids and crinoid stems customarily bave their long axis
orfented parmsllel to the bedding. Other detritus is randemly oriented.
The hed is about & foot or less in thiclness. It becomes progressively
thinner in the southern part of the area. It is lithologically and
faunally very homogenous throughout the area (Pig. 77 & 78). 1Ia the
field this unit is easily recogalzed by the profuse fusulinids that
weather in relief.
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FIG, 76, MYorizontal peecl print of encrinal limestene bed showing small
algal encrustation. Algee is Osagis in lower left. Lece L. (Xh)
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F1G, 78, Vertical peel print of upper fusulinid bed typical of southern
part of area, Note large fusulinids and slightly finer
. detrital materiel than in Pig. 77. Leoec. LL. (Xh).

The faune of the fusulinid bed is rich and varied, but is dalimtcd
by fusulinids., They are large and thickly fusiform. Acsording to
Hoore and others (19kL, p. 672+673) the subzene of Triticites
ventricosus extends from the Waksrusa Limestene to the base of the
Permian. Triticites ventricosus is large and thickly fusiform 1ike the
fusulinids found in the upper fusulinid bed of the Wakarusa (Fig. 79).
So, possibly the upper fusulinid bed of the Wakarusa marks the first
appearance of Tyiticites ventricosus. Crinoid remains, especially
stens, are almest as sbundant as fusulinids (Fig. 80). However, they
ere lc.nabundmt in the encrinal linestone bed, Nost of the stems
found are of mediun size. PErachiopods are numerous and varied in the
wper fusulinid bed, Dictyoclostus and inteletes are the most abundant.
Also identified were Hustedia, Derbyia, Composita, and Neospirifer.
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Bryozeans are mmerous In this unit, Fenestrate and ramose types are
present in about equal sbundance, The algae are represented by plentie
ful Ottoncsis and sparse Qsagim, Other fosefls present include rare
gastropeds, pelecypods, arenaceous foraminifera snd hera corals,

Anmount. of insoluble residue is small in this unit. The average
paréent of residue i{s quite consistent et sbout 8 percent while the
coarse fraction is generally very small., Clay and gilt aggregete make
up nearly 21l of the course residue, averaging 75 percent, Other
constituents vary. Arenaceous forsminifera increase in abundance to the
south and nuscovite is present up to 2bout 10 percent in the north.

PIG, 79. FPeel print of large fusulinid of ypper fusulinid bed,
3 Locs Le (m)'
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PiG. 60. Horizontal peel print of t%m fusulinid bed showing mumercus
erinoid stems. Loc. IE, (Xh).

The upper fusulinid bed represents 2 recurrance of unit .5, the
maximum transgressive phase of the Wakarusa Cyclothem, Fusulinids are
the characteristic fossil of this phase. Normally, oaly one fusulinide
bearing unit (.5) ocours in a Wabaunsee type cyclothem. However, in the
¥akarusa Cyclothem there are spparently two welledefined fusulinid beds,
These beds, the lower and upper fusulinid limestones, represent two
maximun peaks of trensgression that are separated by a regressive
mhase, the encrinal limestone (47). The upper fusulinid bed prodably
represents almost the same depositional enviremment as the lower
fusulinid bed, already discussed. Faunas of both are simflar, However,
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fusulinids ave slightly more abundant and algae less abundant in the
upper fusulinid bed. Also, the ingoluble residue of the upper bed is
smaller and finer grained thun that of the lower beds Taking imto
account the eaviromment of fusulinids and algee and the insoluble
residuc data, it is concluded that the upper fusulinid bed was de-
posited in slightly deeper water farther from shore tham the lower
fusulinid bed, The upper limestone therefore represents & slightly
greater transgression than the lower limestone.

The upper fusulinid limestone is underlain by the encrinal limee
stone bed abt all localities save ones At Locality II a thin marine
shale porting containing hrachiopeds, crinoid stems, and horn corals
separates them, The upper fusullnid bed 1s always overlain by the
Aburn Shale. lowever, this contact is not commonly seen because the
Valmrusa {s the uppermost resistent unit in the Bern Limestone that
forms an ecscarpment. As & result, the upper part of the Wakarusa
Linestone ond the fuburn formation are generally removed by erosien
at a given outcrop.

Shale Deds: There is only ene persistent shale unit within the
Walarusa member, It is the shale that separates the lower fusulinid
lnestone from the encrinal limestone in Shownce Comnty, This s @
caleareous marine shale that contains abundant crinoid stems and brache
fopods. It locally contains thin beds and lenses of encrinal limestone
" as at Locality A (Fig. 81). This shale generally has a gradational
contact with the linestonss sbove and below. Trilebites sometides occur
in this transition zone. This unit is present only north of the Shawmee
Comty bicherm, but is quite persistent there, In the area studfed it
WMGtoﬁth,mu,m

s .




FIG, 81, Vertical peel print of crinoidal limestone bed in shale of
Wakerusa Linestone. Loe, As (X6).

This persistent shale unit of the Walarusa separates wnit .5
from unit .7 of the Wakarusa Cyclothem, It therefore, represents the
regrepsive marine shale unit, .6, of this cycle. Because of the abune
dant crinoid remains and the calcareous mature of the shale, it proe
bably was deposited in a very similar enviromment to unit .7, the
encrinal limestone. The only difference in conditions would be that
much pore aré!llacem material was deposited in the area of the
ghale bed,
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Avburn Bwle

The Auburn Shale directly overlies the Bera Limestone.
Although not part of this study, a few partial expesures of
this formation were measured where it was exposed above the
Walarusa Limestone,

The few inches of this shale next above the Walkarusa is
calcareous and contaings a few marine fossils, Above this is
thin=bedded, unfossiliferous shule that probably is non-sarine.
These two shales appavently represent the terminal shale wnits
of the liakarusa Cyclothen (.0=e9)s Above these units is the
incempletely developed Auburn Cyclothea,
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SUIMMARY AND CONCLUSICH

1. The nost efficlent method for the study of carbonate 1lithologies
is by the use of acetate peels,

2, Insoluble residues of the individwl microlithologic zones within
the Bern Limestone are distinctive enough and sufficiently constont to
pernit correlation and differentiation of these zomes., Quartz sand,
arenaceous foraminifera, and silt end clay aggregate are the enly
ebundant insoluble residues.

3¢« The Dern Limsstone contains two Wabeunseestype cyclothems. The
Burlingame Cyclothem differs from the typical cyclothem in that it
contains an algalefusulinid unit rather than a fusulinid wit. The
Valmrusa Cyclothem differs from the typical cyslothem in that it does
not contain 2 basal sandstone and that it contains two fusulinid units
rather than onec. |

ke Several channel conglomerate deposits in the Silver Lake Shale
indicate subeacrizl erosion at the beginning of the Burlingame Cyclothem.

5» The molluscan bed of the Burlingame Limestone is a very thin, dise
cortinuous limestone characterized dy the presence of mollusks, It
was deposited very near shore by & transgressing sea.

6. The fusulinideosagite bed of the Burlingame Limestone is a medium
thick, persistent limestens bed churacterized by the presence of
fusulinids and algac. It becomes progressively more argiliacecus south-
ward, It was deposited just before and during the maximum transgression
of the sea at the peak of the Burlingane Cyclothem.
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7. The brecciated limestone bed of the Burlingame Limestone is o
thick, mottled, brecciated, nearly unfossiliferous 1limestone of uncere
tain origin present oaly in the northern part of the area, It was de=
posited in shallow water during regression of the sea,

8, The Soldier Creck Shale in Shawnee County contains & saail
transgressive molluscan bicherm and agsociated reef, fore reef, and
basin facies.

|
9+ The Soldier Creek Shale in Lyon County contains & small, regressive | 1
l
molluscan bioherm and associated reef, fore reef, back reef, and basin |
fagics.

10, The Soldier Cpeck Shale in Osage Cownty is composed entirely of

shale, nost of which is non-marine.

11, The Soldier Creel bicherms were formed on the southwest flank of
the Forest City Basin during regression of the sea to the northeast and
sgaln during transgression of the sea to the southwest.

12, The lower fusulinid bed is a very thin, dense linestone characterized
by the presence of small fusulinids at the base of the Wakarusa Linee
stene in Shawnee and southern Lyon Cownty, It was deposited far from
shore during the first maximum trensgression of the sea in the Wakarusa

Cyclothen,

13, The encrimal limestons bed of the Walarusa Limestons is a coarse,
nediun-thick, extremely persistent limestone characteriszed Ly the
mm.¢m¢wm. It was deposited during a
small regression of the sea,



.oy
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the The upper fusulinid bed is a dense, thin limestone at the top
of the Wakarusa Limestens charecterized by the presence of abundant
lurge fusulinids. It was deposited very far from shore during the
last maximem trensgression of the sea in the Walmrusa Cyclothem,



i2i
REFERENCES

Beede, Jo Wo, 1896, The strati of Shawnce County: Hangas Acad,.
5:31. 1‘-!‘8:13., V: 15, Pe 27=34s

Cayews, Lucien, 1935, Les roches sedimentaires de Prance; roches
carbonatecs: Paris, Masson ¢t Cie,

Condea, G. Le, 1927, The stratigraphy of the Penngylvenian System in
Nebrnslms Nebrashn Geol. Survey, Ser, 2, Bulls 1.

1930, Correlation of the Pennsylvanian beds in the Platte
' us:g 3;:1:3;“ ég!ng sections of Nebrasims Nebraska Geol, Survey,
N 3 L L

1935, Geelogle cross section, Forest City, Massouri, to
~Tubols, rxel‘::ras!m Nebrasla Geol. §urvcy Paper 6. '

19h9, The nomenclature, type localities, and correlation of
¢ Permeylvanion subdivisions in castern Nebraska and ad jacent
states: WNebrasim Geol, Survey, Ser. 2, Bull, 16,

and Bengteen, . A., 1915, The Pennsylvanian formations of
southeastern Hebrashkas Nebraska Acad. Sei. Pub., v 9, no. 2.

and Reed, E. C., 1943, Geological section of Nebrasims
Geol. Survey, Ser., 2, Bull, ik,

Dunbar, Cs O., and Condra, G. E., 1932, Brachiopoda of the Pennsylvanian
Systen in Hebraska: febrasia Geols Survey, Ser. 2, Bull, Se

Elias, M. K., 1937, Depth of depositicn of the Big Blue (Late Paleosole)
sediments in Konsass Geole Soc. America Bulle, Ve U8, p. 4O3«li32.

Fenneman, ¥, ., 1938, Physiography of castern United States: WNew York,
W!II.M éo., IMQ’ De WJOO

Fisher, W, L., 1958, Geology of the Memard Formation (Mississippian) in
southern Iliinoist Kansas Univ., unpublished master's thesis.

Gould, C. N., 1925, Iad;;ummmwxm Oklahoma

Hall, John, 1896, A geologic section from state line ite Biocourt
t’:on-i.pcf’mpu Riean the fene Biau Butes Ietnctoats. .
Survey, v. 1y Pe o

Hawozth Eo,d”‘.c’a W,M“lm Kansas Univ.
Mio Survey, Ve 75 Pe S7=121,



122

Hotton, Nicholas IIXI, 1952, Jaws and teeth of American xenacanth sharkss
Jour, Paleonte., Vo 26, p. 489500,

Ireland, He Ao, 1947, Terminology for insoluble residuess Am. ASSOC.
Petroleun Geologists Bulle, ve 31, p. 1479<1490,

1951, in Leloy, L. W., and others, Subsurface geologic methodss
~—WoIdeE, Colo., Colorado School Hines, Depte Pubse, Pe 140016,

1956, Upper Pennsylvanian arenaceous foraminifera from Nansas:
our, Paleont., ve 30, p. 83186k,

Ives, William, Jr., 195k, Evaluation of ucid etching of limestone:
Kansas Univ,, mpublishcd masterts thesis.

Jewett, J. M., 1951, Geologic strustures in Kansass Kansas Geol.
Surw:y Bull, 90, pte 6, Pe 105"162.

Lee, Wallace, 1943, The stratigraphy and structural development of the
Forest City Basin in Kansas: HKansas Geol. Survey Bull. 51.

Link, T, A., 1950, Theory of trunsgressive and regressive reef (bioherm)
developnent and origin of oil:s Am. Assoc. Petroleum Geologists
Bull,, v. 3’-&, Po 263'29h0

Lowman, P, Do, 1959, An analysis of the cyclothem problem: Compass,
Ve 36, Noe 25 Po 10he113.

Hoore, R. C., 1929, Environment of Pennsylvanian life in North America:
Am. Assoc. Petroleum Geologists Bulle, ve 13, pe L59=L09.

1935, Stratigraphic classification of the Pennsylvenian rocks
=¥ Yemsas: Kansas Geol. Survey Bull, 22, (1936).

1949, Divisions of the Pennsylvanian System in Kansas:
~=Y&rsss Geol. Survey Bull, 83.

1950, Late Paleogoic cyclic sedimentation in central United
( hga)u Internat. Geol. Cong. Rept., 18th. Session., Great Britain,
1948),

and Mudge, Me R., 1956, Reclassification of some Lower Permian
tvanian strata in northern Nid-Continent: Aa, Assoc.

Petroleun Geologists Bull., v. L0, p. 2271-2278.

and others, 19L4, Correlation of the Peansylvenian formations
T WeTth Americat Geol. Soc. America Bulle, Ve 55, Po 657706,

1951, The Kansas rock toluans Kansas Geol. Survey Bull. 89.

- 1952, Invertebrate fossils: New York, MeGraweHill Book Co.,




123

Wational Research Councll, 1948, Rock color chart: Waghington, Ds Ce

Hewberry, J. S.s 1856, Description of several new genera and species
of fossil fishes; frem the Carboniferous strata of Uhio:
Philadelphia Acad, 5610 Procey Ve 8. Pe 96100,

Hewell, N, De, 1937, Late Paleozoic pelecypodss Pectinaceas Hansas
Geol. Survey, ve 10, pt, 1.

1942, Late Paleozeic pelecypods: lMytilacea: Kansas Geol.
ATvey, Ve 10, pte 2.

O%ennor, H. G., and cthers, 1953, Geology, aineral rescurces, and
ground-uwater resources of Lyon County, Kansas: Hangag Geel,
Survey, ve 12,

1955, Geology, mineral resources and ground-water resources
—ef Usage County, Kansas: Kansas Geol. Survey, v. 13.

Rtn’wls, Re Tos and SChle!cmr, Jo AO’ 1956D Cheaical m‘tim of
easgern Faneas limestones: Hansas Geol. Survey DBull, 19, pt. 3,
Poe 1=103,

Smith, A. J,, 1903, Geology of Lyon County, Kansas: Hansas fcad.
Sci. Trans,,; ve 10, ps 99+103.

Tiiton, J, L., 1920, The Missouri Series of the Pennsylvanian Systea
in southwestern Iowa: Iowa Geol. Survey, Ve 29

Verville, Go Joy and obhers, 1950, Geology, mineral resources and
grmnxzm wyater resources of Slk County, t Rangas Geol. Survey,
Ve °

Wahrhafiig, Leon, 1952, Insoluble residues of the Wabaunsee Group
1imestones of the Permsylvanian In northeastern Nansas:

Hansas Unive, unpub master's thesis.

Walters, Ko Lo, 1953, Geology and ground-water resources of Jachkson
County, Fansass Kansas Geols Survey Bull, 101,

u@llﬁr, Je My 1932' in mm, He Ro, an! '.m. Je !O' Correclation
and of cyclothems: Geol. Soc. America Bull,,

extent
Ve ’32’ po 1003’1016.

1986, Argument for diestrophic control of Late Paleozoic
= GycTothems: e ASSoc. Potrolews Geologists Bulles Ve 4O, pe 1750,




12

APPENDIX A
FEASURED SECTIONS IN EASTERN KANSAS

The colors and color syubols used in the descriptions are taken
from the Rock-Color Chart of the National Research Council (1948).

The measured sections are located on the Location Map (Fig. 1).

Locality A
SE%, SE, Seca 31, Te 9 Sey Re 16 Eoy Juckson County and NE,NE,
NE}, Sec. 6, T. 10 S,y Re 16 &,, Shawnee County; measured in roadcut
on north side of U, S. Higlway 75 west of the creck and in readeut
across county line on northeast side of the curve in U, S, Highway 75.

Good exposure.

Thickness

Feet Inches
Miburn Shale (1%+ exposed)

13, Shlle, y‘ll“"h brown, weathers broawm, m’ fair
consolidation, noneresistant, thinehedded, sharp
and smooth contacts, C21CareOUSiccccscssccosssscse 1! 0%

Bern Limestone (16?)
Wakarusa Limestone member (2¢ 8¢)

12, Limestone, light olive gray (5Y6/1), weathers brown=
ish yellow, hard, resistant, well consolidated,
dense, one massive bed, sharp and even ypper cone
tact, transitiomal and undulating lower contact,
smmil gastropods, horn cerals, small clams,

4] esesesasscossonsssessnsdesesssssseces 1V 6%
il, Shale, ii weathers yellowish browm, soft
; fuh" ozlmiu, n-nrlm. w’

transitional and uneven contacts, calcareous,
crinold stemScscccsccsccovcssvesvsssncscvsssscscae OF u'

10. Limestone, 11 1ive (5Y6/1), weathers
iight ‘h-.“h:i. M resise
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tont, one thin bed, transitiomal and undulating
contacts, very fossiliferous, sbundant crinoid
stens, brachiopod shell fragments, ramose

OL08NGBoeesss0s006000000000000000000000u06000000 UY lé"

9. Shale, light gray, weathers ycllowish brown, soft,
fair consolidation, nonstvesistant, thinebedded,
transitionnl and unduleting upper contact, starp
and even lower contact, calcareous, crinoid

stm.l. C0OLCV 0000000 RDOOD000000O000C0000R00000000800 0' 3.

8, Limestone, yellowish gray (5¥7/2), weathers
yellowish brown, hard, well consolidated,
reaistant, one bed, sharp and smooth contacts,
crineid stems, very smail gastrepods, small
claas, (mﬂiaooo.cvoccooooocoooooo.oooocooocoatoﬁo Qv 5®

Soldfer Creek Shale member (1% 7%)

To Shale, yellowish green, weathers grayish green,
soft, good consolidation, non=gesistant, blotky,
sharp and suooth upper contact, gradational and
uneven lower contact, carbonacecus meteriftliesesccs 1¥ 77

Burlingeme Limestone member (119 9%)

6. Limestene, pale yellowish crange (10YRG/6) fresh
and veathered, sediwm hard, good consolidation,
resistant, one massive bed, transitional and
undulating contacts, "punk bed", unfossiliferous., Of 8¢

5, Limestene, dark yeilowish orange (10VR6/6)
weathers pale yelicwish orange, vcil cone
selidated; vesistant, one bed, transitional and
undulating contacts, brachiopods, erinoid stems,
ranose and fenestrate hryczcans, gastrepods,
feir amall CusulinidSccocescovosonvosssssossscssece OV 107

L. Limestens, yellowish gray (577/2), weathers pale
yellowish orange, hard, well consolidated,
resistant, thickebedded, hrecciated, transie
tional and undulating contacts, relatively
fossiliferous, sones of Ugegia, few brache
fopods, Zntelet¢Seesssessssceseosacssvasvcassacece I QF

3. Shale weathers yellowish soft, fair
:9‘2"““ ye 'Wa I!

istant
transitional wnduleting contacts,
Mwuuuu-uuuonununﬂuﬁuuun ot g*

b U I e

0.7
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tant, on: thin bed, transitional and undulating
contacts, small gastropods, brechiopods, clams,
ramose and fenestrate bryozoans, erinoid stems,

Osac',i&.................u...u..........o..uuuo 0t é»

Scranton Shale
Silver Lake Shale member (1! exposed)

1. Slmlc, gray, weathers yﬁlmuh ay, ’m’ fair
consolidation, non-resistent, contains lime=
stone nodules, thin=bedded, transitional and
undulating centacts, caleareouSsesesssssscscsncses 18 OF

5. i Locality B
418, | ;
W, SE;’;,AT. 10 S., Re 15 E,, Shaunce County; measured along
east wall of shandoned quar Goed exposure,
oA Thiclkness
Feet Inches

Miburn Shale (2' exposed)

i3, Shale, yellowish groy, weathers yellowish browm,
soft’., fair oonsol!d‘tlon, non=gesistant, thine
bedded, gharp and gmooth contacts, celoarecusS.eeee 2f OF

Bern Limestone (229 94" exposed)
Walmruse Limestone member (3¢ 9%)

12, Limestone, light olive gray (5Y5/2), weathers
bromish yellow, hard, well consoliduted, resise
tant, dense, onc magsive bed, and smooth
contacts. crinoid stems, horn brachio=
pods, seall clams, fenestrate bryozouns, few imrge

fusulinids in upper part, abundant Ottoncsis,

Lephophytiidiun, Dickyoclostus,

L cgeoccoedeoovRoOOROR l' n.

11, Shale, greenish brown, weathers yellowish brown,
:oti, good consolidation, noneresistant, thine
bedded, sharp and flat wper contact, transe
itional end undulating lower contuct, calcarcous...0' 7%

10, Shele, ycuu:zw, fregh and | 80
fenses of argiilaccous 1imestone, :
transitional end undulating contacts, calcareous., 0t 9%

9. Limestone, yellowish gray (5¥7/2), weathers yellowe
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ish bm’ m’ well cmor-!@ted, n’im,

dense, one bed, transitionsl and undulating

upper contact, sharp and flat lower contact,

crinold stems, beachiopods, fenestrate and

ramose bryozoans, rare fusullnlds, Ottenosieesecs OV 67

Soldier Creck Shale meaber (110 iv)

8., Shale, grayish green, weathers yellowish green

Te

e

Se

Lo

3e

26

medium hard, good censolldation, weakly resise

tant; blecly, sharp and smooth upper contact,
transitional and undulating lower contact,

Slightly caloareouSecessscssssseccssssossssoncssns 2V OF

Shale, greenish yellow, weathers yellow, mediua
hard, good consolidation, weakly resistant,
blocky, transitionel and uneven contacts,

Calc&tGOKEo.no-oo-unuuoouooououuootoooooo 30 Qw

Limestone, grayish red (5RL/2), weathers reddish
yellow, hard, well consolidated, resistant, one
bed, sharp and undulating contacts, abundant
shell fragmemts, m._' small grstropodSseessssse Ot B

Shale, reddish brown, fyesh and weathered, soft,
good censolidaticn, weakly resistant, contains
thin lenses of argillaceous limestone, sharp
and undulating contacts, calcarcouBsseecssescesnce OF 27

Ceal, black fresh and westhered, medium hard, none
resistant, impure, mixed with elay, transitional
and uneven ContaCtSecacccscossvornnssssscassassace OV 4

Shaie, gray, weathers yellowish gray, soft, fair

consolidation, non-~resistant, thinebedded, sharp
and flat m.oooooco-oo:ocunooooooooooc.ooo" gn

Shale, dark weathers light gray, soft, good
eu;olmg.mlw. Mgn. sharp
and £lat contacts; ClaMSeecscsucscovssscscseteccse LI 9%

Burlingame Linmestone member (8% eaxposed)

i,

Limestone, pale yellowish brown { » weathers
yellowish hard, well
jated, sharp and undulating

brece
contacts, relatively unfossiliferous, rare brache
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!W, very small mm-ooocooo0ovtooociocoo 8e on

Lecality C
E5, NEL, Sec, 26, Te 10 Suy Re 15 Euy Shaunee Countys neasured

on round hill in west part of active quarry. Good exposure.
Thicimess
Feet Inbhes
Aubwrn Shale (1%+ exposed)
13, Shale, brounish gray, weathers yellowish gray,
soft, feir consolidation, noneresistant, thine
kedded, sharp and smooth contacts; calcareouSeesee 19 O¥

Bern Limestone (24" 1 exposed)
Valmrusa Limestons member (309 8%)

12, Limestons, pale yellowish brown (10YRG/2), weathers
cne aessive bed, sharp and even contucts, abune
dant crinoid stems, brachiopods, clams, fenestre

ate and ramoge Lryozosns, Distyoclostus, leoe
m, Mueroo.0tl.i.lbto..0:00...00‘0..00000......00. 1' a.

11, Shale, yellowish brown, weathers yellow, soft, poor
consolidation, nonevesistant, poor
sharp and {lat contacts, slity, very calcareouse., 1 O%

10, Limestone, pale yeliowish crange (10YRS/6), weathers
sinkish orange, hard, well consolidated, resistant,
cae bed, sharp and even contacts, shell fragaents,
abundant crinoid stenSecseersassscssnsscscssscncse OF 47

9. Shale, yellowish brown, weathers yellow, soft, poor
consolidntion, non-pesistant, pooriy=bedded,
sharp and anooth contacts, ahtv, wty calcareous, 07 1%

8. Limestone, yellowish gray (5Y7/2), weuthers
ish cra:’:g}e‘: hard, well consolidated, resi s
one bed, abrupt amnd swooth wpper contact,
tionnl and wndulating lower contact, crino
stims, shell M‘. moﬁoooooooooo.o0onot or 7n

Soldier Creok Shalc member (150 3%) :
7. Shal lowish 1
sis; ISR e U e g0



6o

Se

Lo

3e

2o

gradatlionnl and uneven contacts, siity, wery

calcarecus....u CeOVETLOLEC0LIV0000000sTECBROIOVO T

Mudstone, yellewish green, weathers light olive,
medium hard, good consolidation, wenkly resise
tant, thick~bedded, trensiticnal znd wneven cone
tacts, silty, 2lightly colcarcouSsecsscsccssvcssns

Shale, dosk greenish gray, weathers Mght yellows
ish orange, soft, good compolidation, non~repis«
tanty, b1 s transitiomal and uneven contacts,

8ilty, CRloureOUSecscersosocnssteaorosssssonsenesd

Lizestone, pule yeliowish crange, (10M08/5) fresh
snd weathered, mediwa hard, weoll consolidste
ucakly resictant, one massive bed, gradat
and undulating contacts, "punk bed®, wifossile

ITCrOuUSessnveosansnitvissnsocssotssncs cspoocoobedRe

Liueatone, pale yellowish brewn (10YRG/2), weathers
yellowish orange, hord, well consolideted, resise
tant, suboolitis, one bed, gradetionsl and wneven
upee comtact, sherp and smooth lower contect,
crinoid stems, shell frageents, pastropeds,

-
CSL‘.&‘IC’.. C0C00eP0E00GEP0020C00TDEC00LEVsd00E0CEbREBOOY

Shale, veriegated shades of black, guay, green amd
brown, medium hard, well consolidated, wenkly
resistant, varics greatly in thickness threughe
out guarcy, thinebeddad, gradational and unsven
conbacts, carbenacccus nnterial, shundant swall
clon frageentBecseccscesccsoovesssovsscecencasanes

Burlingome Lizestone member (59 29 exposed)

i

Lincstone, pale yellowish brown (10YR6/2), weathers
!sh'og:ngnf‘md, well consolidated, resise
ﬁ, upper pert hraceiated, lower part 1ithoe
graphic, thickebedded, gradational and undulate
ing contacts, relatively unfossiliferous, crie
noid stems, brachiopods, clens, rare fusulinids.
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08

10 9"

2¢ 10

I

or 6"

70 13w

in lower m_nooooon-onoo.o-oco.-ooo:uoonooto'o.oo s. 2n

Locality D

cl-12

Sk, WEL, Sec. 29, Te 10 8., R, 15 E., Shawmee County; measured
aleng west wall of abandoned quarry. Good exposures
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Thickness
Pect Inches

Bern Linmestons {7t &7 exposed)
Soldier Creek Shale membey €19 11" cxposed)

S» Lincstone, pale yellewish brown (10YR6/2), weathers
light browm, hard, well consolidated, resistent,
one bed, abrupt and smocth comtests, sheil frage
meats, orinold stems, rare mmall fusulinids,

ey ; 8 ¢
?»... _!a..ltoottilbi‘.‘ol!ilotu!CODODOOCOOOOOOOQQCOO or 3

he Shale, pale ollve, weathsrs greenish yellow, soft,
gocd consolidation, weakly resistant, thi :
abmypt and smocth upper contact, grndational and
uneven lower conbact, silty, nicaceocus; carbone ]
nceous material, lower pert calearedUSivessasssves 17 O |

Burlingome Limestone menber (5¢ 7% exposed)

3¢ Limestone, jmic brewn (5Y5/2), weathers hrowaish
yeliow, hard, well conselidated, resistant,
breecinted, thickdbeddad; gradational and une
even contacte, crinoid stems, very sazull gage

t"'."-')_')OﬁSco;cocnos.-nnccooc.oooootttloooootoaouoon. h. lom

2. Smoie, light gray, westhers light olive, soft, |
fairv coneolidation, nopsresistont, mediumebede
ded, transitional and uncven contects; silty,

OIS0 0600600006008 00000400008000000000800800 (1} h"

1. Limsstons, modium gray (5¥), weathers ysllewish
gray, haxd, well consolidated, mlﬁu\ti onx
bed, transitionz!l and unsven centacks, slightly
argillaceous, erinold stems, abundant small gage
toopods, ramese bryascans; shell fragments,

csaﬂiaco'ooonQscc.n00-00o-ouo‘u.clo'.lt.t.‘..otoo. 0' 5‘

AW, Y("} = 2 . .'/'"
Lecality £ Lodd. |

(Type Locality of Soldier Creck Shale)
Hf. wo Fecs 19, Te 10 845 R, ﬁh.mmw
in ditch on cast side on northesouth road, Fair exposure,
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Thiclness

Mburn Shale (1t+ epoged) . —_—

10, Shuley CoOVeredeeessvssosesssessossssnsesosasssocsess 1V OF
Bern Limestone (13% 2¢)
Walarusa Linestone mendyer (39 29)

9 Linuzstons, light elive gray (5Y6/2), weathers yele
, lowish gray, hard, well gongelidated, one mnsoe
ive bed, abiupt and snocth contacts, abundent
crinoid stems, ramose beyozcans; susll gustroe
pods, twachiopeds, large fusulinids, Otionosis,... 18 11°

8. Shale, dork greenish ?m,v, weattiers light gray,
scofl, poorly censolidated, noneresistent, pooriye ‘
bedded, sharp and smooth contacts, caloarecuS.sese O OF

7o Limestone, light olive gray (5Y6/1), weathers yele
lowish gray, hard, well congolidated, resistont,
dense, one bed, sbrupt and smooth centacts, crie
noid ¢ &ﬁeﬂs, i‘usullnlds. m"uu-anooooaOtco ot

Soldier Creek Shale member (9% 3%)

&

Go Shalt, CoVerclececsssvscsovessocvoscaccsossnsasssnnns 28 17

5. Limestone, pele yellowish orange (10YR8/6), fresh
and weathered, wmediun hard, geod cmoli@im.
woenkly resistant, one bed, ional and une
dulating conbacts, "punk bed”, unfossiliferouSses: 1% O%

lh &nle, Covcr@dececneconncocconoogconvsscsosasesnnsoe 5' ge
Burlingame Lincstone member (20 9%)

3. Limestone, iight olive gray (5Y6/1), weathers
yellowish gray, - well oabmd, resis-
tont, brecciated, thickebedded, and une
dulating comtacts, reletively unfossiliferous,
vare brachiopods, erinold stemBeecssesccverccssces 20 OF

2. Limestons, yellouwish (5Y7/2), weathers
ish g:’:az: M&n’l‘.lqmo{zm
castropods, crinold steas, M" et small

fusulinids, 0820iGeecavsvssccrescsceonscrsnracease OF 9¥
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Scrpn;on Shalc
Silver Lake Shale member (1% exaposed)

1, Shale, light olive groy, westhers light olive,
soft, poor consclidation, noneresistant, poor= :
l:-,’ bedded, Slltyoocoooocooooocllooooltnooouoouooool' on

Lecality F
sk, ks Sece 3k, Ts 10 Ses Re 15 Lsp Shaunse County; measured

in road-ut con north side of eastewest road. Good exposure.
Thiclmess
feet Inbhes

Bern Limestone (Ii' exposed)
Burlingane L imestone member (L' exposed)

Ss Limestone, pale yellowish broun (i0YR6/2), weathers
light orange, hard, well consolidated, resistant,
brecciated, medium=bedded, shacp and uneven con=
tocts, unusually fossiliferous, crineid stems,
brochicpods, fusulinidSceesccccesvossscsssnssssces 3¢ 2

e Shale, grayish orange, weathers light crange; soft,
fair consolidation, neneresistant, poorly-bedded,
transitiomnl and undulating contacts, calcareous., O 2®

3. Limestonc, pale yellowish brown (10YR6/2), weathers
light orange, hard, well consolidated, resistant,
one bed, sharp and even contacts, upper part
fossiliferous, crinecid stems, brachiopods,
fusulin‘d’.....I.O...‘ll..........0.'............. °' 8.

Seranton Shale
Silver Lake Shale member (9% 5% exposed)

2. Shale, yellowish gray, weathers grayish yellow,
mediwn hard, good consolidation, weakly resis-
tant, thinebedded, sharp and smooth comtacts,
very caleareoltifcececocssacsosenscosencosesccssecons 5 11w

1, Siltstone, yellowish brown, weathers grayish yele
low, hn:'d, good censolidation, resistant, tgl-
pedded, separated Ly thin silty shale parting, |
transitional and wavy contacts, calcarcouSseseeses 3% 6% |



Locality ¢ ' 544
(Type Locality of Silver Lake Shale)
S’d%‘, NE%, Sece 11 T, 11 '80’ Re 1 Bs, Shawnse County; measured

in roadcut cn north side of castewest road., Good exposure.
Thickness
Peet Inches
Bern Limestone (11% 5% exposed)

Welwmrusa Limestone member (9" exposed)

18, Limestone, yellowish gray (5Y7/2), weathers graye
ish brown, hard, well consolidated, resistant,
one bed, sharp and even contacts, partially
slumped, crinoid stems, brachiopods, abundant

OLtenosiBeseecossoessesosccsessvocsscosssasvssssscs O 9F

Soldier Creck Shale member (7 107)

17, Shale, browmish yellow, weathers yellowish orange,
soft, good consolidation, non-resistant, »
. sharp and flat ypper contact , gradatiomal and undue
lating lower contact, very ca sssoscsonnsccell 11¢

16, Limestone, pale yellowish orange (10YR8/6), Sresh
: and uuihcud, medium hard, good onouzlt!u,'
wealtly resistant, magsive, gradational and une
even cm’ ww’ o.oo.oooooo 10 5.

15, Shale, light gray, weathers yellow, soft, good
consolidation, noneresistant, thinebedded,
transitional and weven upper contuct, abrupt
and even lower contact, CalecarcouSsesessesessssess U0 20

1k, Coal, black fresh and weathered, lmpure, ligaitic,
m "“ cw.-.il........I.O..Q....Q..'.......' o. 1.

13, Shale, grayish yellew, weathers Mm
u;r'-., fair n’u:ou&:-, au-’c:qm. thine
bedded, sharp and Mucu-uuouoo Q¢ 3=
Burlingame Limestone mesber (2¢ 100)

12,

11, Shale, light brown, weathers grayish orange, soft,

P T——



poorly tonsolidatad, non=resistant, poorlysbede
ded, sherp and mn’emtuts, calc:uou, 8ilty... O° B®

10, Limestone, dark yellowish ovange (10YR6/6), weathe

ers brownish yellow, hard, well censeclidzted,
resistunt, one bed, abrupt and even contacts,
becones thinner and argillaceous to the west, crie
nofd stems, brachiopods, small gastropeds,

m wwoccoooooooooooco.oo 10 o

Scranton Shale (23v 10" exposed)
Silver Lake Shale member (190 L)

S

8s

e

Se

Siltstone, yellowish gray, weathers yellow, medium
hard, well consolidated, resistant, thinebedded,
transitional and even cuntacts, calcareous,
separated by shale partings that are browm, weathe
ers yellowish brown, soft, good censolidation,
non=regsistant, thin=bedded, argilimceous,

calcarecus, T 9. iiw

Sandstone, dark yellowish crange, weathers yellow-
ish gray, hurd, good consolidation, vesistunt,
nedivn grained, cross bedded, sharp and undulae
ving contacts,; niceceouUSscscsesvsvsnsossscssssccse 1! 1V

Shale, bilack fresh and weathered, soft, good cone
solidation, noneresistent, fissile, contains
kidney=shaped shale masges and rounded cobbles
of sandstone; sharp and smooth ContactiSecscecccoce Le 7%

Linestone, medium biuish gray (5B5/1), weathers
i1ight orange, hard, weli consolidated, resise
tant, very dense, one bed, sharp and even cone
tacty, argillaceous, crinoid stems, brachiopods,
small mm&no'ooooonoooooooonnoooooooonoooooo ot 7'

Shale, olive gray, weathers light gray, soft, fair
consolidation, non-resistant, blocky, sharp and
smooth contacts, lower part calcareOuSeesssceccsses 3% 2%

Rulo Limestone member (8") ,
L. Limestone, mediua bluish gray (585/1), weathers

yellewish s hard, well consolidated, resis~
tant, one s sharp and even upper "
transitional and undulating lower contact, le
mm‘cmum.wxm

PBcevPcROCceLOGRORGCOROORO0RE0GE0RRD000S °' 0'




—————— - . - — e T

Cedar Vale Shale member (1% 10" exposed)

3. Shale, yellowish orange, weathers yellowish gray,
mediun hard, good consolidation, weakly resise
tant, thinebedded, transitional and wneven con=
tacts, calcareous, crinoid stems, clams, brache

i@m....“...."'.....l..O.....Q‘l.....’........ o. 8.

2o Elmo Coal, black fresh and weathered, soft, impure,
nixed with Cllyooocoooooooooouooocoo-ooo.ooooonoo Qv 2»

1. Shale, yellowish gray, weathers yellow, soft, fair
consolidation, non=-resistant, transitional and
uneven contacts, plant f088ilSecsecsscscsessscssce 39 OF

Locality H _
W4, Sece 31, T 11 Suy R 15 E., Shawnee County; measured in

roadcut on north side of U, S, Highwmy 40. Good exposure.
Thickness

Feet Inches
Mburn Shale (9% exposed)

15, Shale, yellowish gray, weathers orange, seft, good
consolidation, noneregistant, thinebedded, sharp
and even ccntECtl, 'ilty.....o..........'.00....0. ot ow

Bern Limestone (207" 1i%)
Valmruse Lincstone member (3¢ 3%)

1, Limestone, yellowish gray (5¥7/2), weathers grayish
yellow, hard, well consolidated, resistant, mas-
sive, gradational and uneven contacts, crinoid
stems, brachiopods, femestrate and ramose

ozoans, gastrepeds, Neospirifes, Ottonosiaccresess 20 Lt

13. Shale, yellowish gray, weathers yellowish erange,
soft, good consolidation, non=resistant, very
thinsbedded, transitional and wavy contacts
silty, calcareous, small brachiopods, cr
stems, ramose bryozomns, trilobites in transie-
tional zone with limestone, m.oooioooooo 0v 6

12, Limestone, light olive grey (5¥6/1), weathers gray-
ish ycliu well consoli e resistant, one
m‘:x.m:nd “E::a ey bryezecans fusu=
er ramnose
lmdﬂ, M-oooo.naooono0000:0000000000-0000000 0 v



Soldier Creek Shale member (100 77)

11, Shele, light elive gray, weathers yellow, soft,
geed cenzelidation, non-vesistant; blecky,
traneitional and unlulsting contacts, cule

carceus ot tc")‘-ogcgppgaovtoqao:cnpoo«-otovv&o.lo. et v

10, Shale, gray, veathers yellowish orange, soft, fuir
consclidation, neneresistant, wibedded, troasis
tional =nd uncven conbects, CaleareouS,cessevcasse 38 27

9= Shale, light orange fresh and weathered, soft, feir
conselidaticn, nonerasgistant, blocky, transitions
al and undulating corbacks, caleareouBeececscovese OF 6

8, Muxistone, 1ight yellow, weathers light brawn, mediume
hard, fair consolidaticn, non-resistent, conteins
cloy pebbles, mnssive, transitional and undulating
contacts, slightly cilearcouUSeeesssevscsssessssese OF 82

Te Shile, yellowigh green, weathers &fxm, seft, goed
concolidotion, nonerceistant, thinebedded, transi=
Lional and undulating contacts, calenfecuSicscasee 1t 3°

6. Nudstone, light yellow, weathers light brown, medium
haed, fair congelidetion, nen-resistnet, contuins i
clzy pebhles, megsive, transitional and wndulstiog
cr.'tte.cts, slightly ColefrCOUSsesanssnenssssnssnecs OF h"

5. Shale, greenish gray, westhers yellouw, soft, falr
consolidation, nonercafstunt, thickebedded, trense
itionn! and wavy contects, sh , calcareous et

tﬁpooooooocool»oaooco-ooo--onooooouoooooooo--oooo‘ a0 8.
Burlingame Linestone member (6! 3%)

b, Limestone, yellawish gray, (5Y7/2), weathers yellow
ish orange, hml{ well consolldated, resistant,
hrecciated, thich-bedded, grodational ond wavy cone
tacts, relatively unfaseilifercus, rare brache

i@wSOOOOOOOOO ¢oepEoBcPOCOROCGEOPOOOORDOBARRRROTDD 2. 0'

3. Shole, iight olive, weathers Pﬁt yellow,
¥ gooa moudlu;n. non=resistant, very u&‘-
ded, transitionzl and uneven contacts, calcareous,0t 2%

2, Limestone, pele yellowish brawm (10YRS/2), weathers
i o :‘“'m‘:a.""' ﬁ’m W
nase |
{tionel end uneven centacts, relatively ‘ -
igerous excepl In lowest part, rare gast
and brachiopods, m””mmmmu LIS U
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Seranton Shale
Silver Leke Shale merher (294 exposcd)

i1, Shale, dark gray fresh and weathered, soft, good
corzolicution, noneresietent; very thinebode
ded, cradatienel and unever upper cortact,
sharp and smooth lover contactersessesssassnsonsee 2 OF

Locality I
Sy, SWi, Sees 31, Te 11 8.y Re 15 B, Shaunet County; measured

along extreme south wall of abandened quarry. Good xpesure.
Thickness
Feet Inches

Mburn Shale (1%+ expoesed)

ik, Shrle, grayish browm, weathers yellowish hrown,
scft, fair consolidution, nonsresistant, thine
bedded, sharp and smocth contucts, Siltyessssceceel? OO

Bern Limestone (16% 47 cxuposed)
Valaruse Limestone member (3¢ 3)

13, iLircstone, dark gray (N5), weathers broundsh gray,
rard, well consolidated, resistant, one masgive
bed, sharp and sreoth contects, cbundant crinofd
stems, brachiopods, gustrepods, abundant fusye
iinids in upper part, trilcbites in lover part,

C.‘ttenmial Q_!m’uooolaoocouocouoocootooo 2y ov

12, Shale, davk gray, westhers brownish grey, seft,
good consolidation, noneresistant, U=
bedded, sharp and smocth upper contact, grae
daticnnl and uneven lower contact, c:tﬂm:m,
caloareous, Sillyeceeccescesacvossscccsnscaccscsse o 6"

11. Limestons, dark gray (N6), weathers light »
hard, well consolidated; resistant, one be
gransitional sad uneven contacts, crineid o&.,
brachiopsd fragnents, very small gastropods,
abundant fusulinids, m&.-nn-n-uoouuuuiﬁo ot on

Sojdier Creck Shale member (Tt 5¥)

10, Shale, dark weathers reddish broum, seft
s consolidat en:'m!m, transit{onal &“

uneven ¢ PodeoctbaccbotonEeca0bO000000C0000R Qe 10¢



$e iudstone, dark gray, weathers yellowish
nediun hard, good consoiidatica, ik
rzoistant, cortains clay pehbles, transitionsl
end unduleting costasts, slightly calearcouSeeeses 08 47

8. Shilc, grey, wathere reddish beom, seft, ?ccd
censolidation, nomereeistent, trznsitions
and uneven GmtBCWcno‘ocacuoooosouroooooooooooo-p 0t 10"

7. Mudstone; light gray, weathers greyish white, medfum
hard, good gonselidation, weakly resistent, cone
taing clay pebbles, one maseive bed, transitional
and wdulzting contacts, slichtly $iltyiseecisoses 1¥ B

8. Shale, greenish gray, wsathers browunish gray, soft, :
jell consolidated, nonercsistant, blocky, Lrange '
Itionzl and uheven CentactSsesscssssscsnsossansase &V 2V

5. Mudstoae, light greenish brown, weathere light
rroun, mediun hard, well consolidated, resistant,
nediunebedded, gradational and wneven upper
contact, gharp and smooth lower contact, very
calcareous, sbundant foagils on hedding plance,
sbundant clamgs, rare productid brachicpeds and
crincid stems, % l’yi&-c.0000000‘0000000000000600 o* 11%

L, Shale, yellowlsh gray, weathers crangs, soft, goed
consolidation, nenerceistant, nediwmebedded,
gradational and undulsting centacts, calcerecus,, O 8¢

Burlingame Lizcstone member {(5¢ 3" exposed)

3. Limestene, yellouish grey (5V7/2), weathers
ish orange, hard, well consolidated, g:
trecefated, one zussive bed, transitions
undulating contacts, abundant chalcopyrite and
ryrite, relatively unfoesiliferaus, brechiopod
fragments, rare cfinofd stems, rore smell

GRSLTONC0l seoevscontesosonsiceccEetcobst00tetesns 10 gv

2, Shalc, light olive grey, weathers yellowish hrewn,
soft, good comoudation, non=resistant, thicke
bedded, transitionsal und uneven contacts, silty,

ColCBrCOUlescecectnsncoscercessccnacarerccssecense or L»

1. Limestone, mediua light (16), weathers grayish
erangz, hard, well conscli mh?&. b, brecw
ciﬂd‘; rassive to thickebedded, trensitional ond
wvavy contacts, pyrite sbundeat, relatively unfose
giliferous, lower port, contalns small ga ods,
ramose bryozeans, and MM;.QWQ@Qu.J' gr

R RRCerwre



a P -

Lecality J 847/
Wi, Wik, Secs 34y To 11 Ssy Re 1 E., Shaumee Countys measured
in rondcut on south side of service road at begianing of curve on

Hickory Fnob., Good esposure,

Thiclness
Feet Inches

Auburn Shale {22¢ &% exposed)
19, Sl’BlB, CoverCdeconsevevocesoscessssasssssasesensense 17 0%

18, Linestone, pale yellowish orange (10YR8/6), weathers
grayish erange, hard, good consolidation, resis-
tant, one massive bed, transitional and uneven
contacts, sandy, abundant broken shell fragments
end large and small gastropodSesecsscvecsvssascsen 10 én

17. Shale, coveredssesoscoososacsovsssosssssessssosssssas O 2

16, leeutg:;, pale yc::::hh mmé) va:thu‘:
grayish orange w1 on,
resistant, one bed, transitional and undulating
contacts, sandy, :bum shell fragments and
large and small gastropodSscescsecscccssssvacscse OF 5e

15, Shale, coveredsscsncasosscssosssssesessesososcescessll 5¢
1, Limestone, pale yellowish orange, (10¥RB3/6), weathers

grayish orange, hard, medium consolidation, resis-
tant, one bed 'guuhmm uneven contacts,

m,mmmummmmm
11 gastropods

b preshassRSASIAS R Y R HeaSRse 10 OF
13, Shale, partially coveredeessssssscassasesssssssssase 179 OF
Bern Limestone (170 8°)
Welarusa Limestone member (3¢ 9v)
12, me. um oun (5Y5/2), weathers
{:nt, one nlu m. m'ﬁ"m and m

uneven contacts, crinoid stems, shell fragments,
ranose bryozoans, m Muouoo--..ton 2y 6"

11, Shale, medium gray, mw&= soft
1imestone hm:“.n w:
and
transitional and m“’ mm‘q calcareous,



140

slishtly nluceou, ClatBecsscosscesvsssnssonsscce OF 8

10, Limestone, pale yellowish brown (10YR6/2), weathers
yellowish gray, hard, well consolidated, resis-
tant, one bed, gradatiemal and siightly uneven
contacts, crinoid stems, shell fragments, ramese
bryozoans, small gastropoeds, abundant fusulinids,

COCAOPROGUOOPPOUEDOQ00ORORPEROO00PROROOC000TY 0’ 1.

Soldicr Creek Shale member (110 év)

9. GShale, greenish gray, weathers yellowish gray,
soft; fair consolidation, non-gesistant, thine
hedded, transitional and uneven contucts, siity,
slight niCACCOUL s evvsavosvsssnncssusssnssasansas 29 3

8, Mmuistone, light gray, weathers yellowish gray, meds
fua havd; good consolidation, weakly resistant,
contains cluy pebbles, one bed, transitional and
uviuiating contacts, slightly calcareouSccesssecce 1Y o

7« Shale, light bluish gray, weathers yellowish ﬁ:w,-
mediwm s good consolldation, weakly fes
tant, contains thin mudstone layers that make wp
alunost half of the thickness, trensitional and
uneven contacts, slightly micaceous, slightly
calcareous, 88100 esceocsccosacavscacorcosonssacsne 3v 5m

6. Muistone, s Wenthers yellowish gray, mediua
terd, well consolidated; weakly resistent, one
bed, contains fine color lamimatiors, fonnl
and f£lat contzots, very calcareous, abundant
pyrite, clam fraguentBcsvecscsscsvsossccsscccsscee OF g

5. Shale, medium gray, weathers yellowish y Soft,
good moudnuz non=resistant
sharp and flat s ailty, limcoooooqco 3t 11%

Purlingame Limestone member (2¢ 5%)

oy i R 11 -Lu.u. (o8 e
we
tant, one bed, sii breceiated, sharp and
mwwm-lmw
er contact, re unfossiliferoys, shell

frognantSecscocceescnsossssssasscosacsssscscsnsene OF T

3. Lmﬁzlm gray (5Y7/2), weathers brown=

gﬂw&udm" '“.'In
Tamose o pwm

Gecncccscsnssnssscesssesessscascee OF 107



L HY ]

2, Limestone conglomerate, light blulsh SB7/1)
subrounded limestone pebbles hn.‘r'kv( {1
gray (5BL/1) osugite rateix, weathers nnttled
shades of yellow and hroun, hard, well cone
solidated, resistant, unsceted, hreaks through
the pebbles, one bcd trangitiomal and undulating
upper contact, o.bm;i and even lowsr contact, .
very abmdmt. m.uonouountonuouo.odauo it g=

Scranton Shale
Siiver Lake Shale acber (5% caposed)
1. Shale, light bluish gray, weathers gray, soft,

good congolidation, nonereaistant,
abrupt and £ist contasts, silty, ﬂmmoooco.oo ge o

Locality K ~ Sh§
SEY, SUL, Secs 3, Te 12 Soy Re 1L E,, Shawnee Comnty; measured
along south uzll of active quarzy near road and on both sides of

east-west roud hetween Sec, 3 and Sec. 10, Good exposure,
y Thickness

Feet Inches
Aburn Shale {(1%+ exposed)
16, Shele, yellowish gray, mm orange,seft, good
cm;olidation, nonscesistant, thinebedded, sharp

2nd smocth COMLRCtSeesscesansssenssssasessssesesse 1 OF
Bern Limestone {17t 14%)
Walmrusa Linestene member (3% 69)

15, Linestone, mediun {N5), weathers yellowish
Cra hard, wall saseliditad, rexiopant, sus
mss ve bed, very dense, sharp and flat cone

small erinoid stems, brachioped fregnents,
mtlﬂdﬁ in uper parleecessesevccncassssccssoss 2¢ g
HTS Shnlc, ﬁg{ weathers u-mu y Soft

fon, nonwresi
m and smooth contacts, 'iw’ €alearcous, cesee 0 o

. i
13 L!E:tm;h 1 x’ol!w %‘ﬂ&h g

by g “"‘M' ad
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A%

gm&Muunnuuuonnnuuot_o;poao Qv gv
Soldisr Creek Shale menber (B 4v)

12, Shele, gray, weathers orange, soft congolle
dation, nonsres istant, blo:':lv, wogaa even
upper contact, gradationnl and uneven lower

contatbsessoces $06560060000000006000000000060000600 30 »

1i. Shale, 1ight gray, wenthers yellowish soft
good consolidatfon, non-ceylstant, Gantulns thin
beds and nodules of argiliaceous ihutmmd
muistene, nediumebedded, transitional and undus
Iating contacts, 8llbYececesessosescsssasosnccsese 19 10

10, Mudstone, light gray, weathers brownish gray, medium
hasd, good consolidation, weakly resistant, nodular
in part, thichebedded. transitional and uneven cone
tacts, slightly calcareous, 8iltyecesecessssscsses 28 B

9. Limegtone, very light gray (18), weathers yellowish
orRYy, u;.rd, good censondltlu’x, resistant, dense,
one bed, transitional and even contucts, arglile
laceous, very abundant pyrite, rare shell frage

NENEBeacsssacosssstssssossssssssssssssssensessncsea OF s.

8. Shale, 1f weathers yellowish soft,
goo:‘x cogstglmion, non=gesistant, mdud:

transitional and even upper contact, sbrupt
ond £lat lower contact, micaceous, 8iltYesseessess O 6"

Gypsun, transparent fresh and weathered, soft, good
consolidation, non-vesistant, interbedded with
calcarecus shale, thickly laminated, sharp and
smooth contacts, selenitecesecccnvsansocesessoscses OF li"

Burlingame Limestone member (‘s‘{' ™)

6, Linestone, grayish orange pink (SYRT/2), weathers
yellowish gray, hard, weil consolidated, resis-
tant, brecciated, grades from highly brecciated
at top to sii ?mmmm
s;mnu- to Unit “mwum-
sive, very trans undulat M
iﬁnt!vc unfossiliferous, rare crinold stems

in lower part, small Moc Le 3n

5« Limestone, yellowish wenthers yellow=
ish m'l;.’l.lli. Mﬁ&. one

and uneven contacts, Jl‘ small
crinold sbens, abundant saall fat fuse
ulinids, Im mvo-oco-noomnouonnoton 0 Ln
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o Shale, yellowish gray, weathers orange, soft, poor
congolidation, non-resistant, poorly bedded,
sharp and undulating contacts, silty, calcareous.. 0¢ 3%

3o Limestmne, pale yellowish brown (10YR6/2), weathers
brownish yellow, hard, well consolidated, resis=
tant, grades from limestone conglomerate at
base to conglomeratic limestone at top, one bed,
sharp and uneven contacts, most fossiliferous at
top, very abundant clams and gastsopods and
Osgi&....Olt.‘.....t.0..0.0.0.00..0..0.0....0..0. 1' 11.

Seranton Shale
Silver Lake Shale member (11% L* exposed)

2. Shale, greenish gray, weathers yellow, soft, good
consolidation, non-resistant, thinebedded,
snooth and sharp contacts, CeleareouUScescesesossesl? L"

1. Limestone, grayish oerange (10YR7/L), weathers yellowe
ish brown, medium hard, good consolidation, weakly
resistant, sepavated by thin layers of silty shale,
thin=bedded, gradational and even contacts, very
silty, sandy, argillaceous, NicaceouUSssosscvcscesa L0? OF

Locality L
Sk, SEi, Sece 3by Te 12 8.y Re 15 Esp Shaunee County; measured

in roadocut on northwest side of Kansas Turnpike. Good exposure.
Thickness
Feet Inches

Auburn Shale 1%+ exposed)
1. Shale, Coveredesssesssssoccassosssscassosssesssacess LV OF
Bern Limestone (15¢ &%)
Vakarusa Limestone member (39 8%)

13. Limestone, pale yellowish brown (10YR6/2), weathers
grayish orange, hard, well consolidated, resistant,
cne massive bed, sharp and flat upper contact,
transitional and uneven lower contact, crinoid
stems, gastropeds, brachiopods, large fusulinids
very abundant in middle and rare in upper and
lower, m m-oou-nonuununuoo v 11»

e e SR

oUmEET,



12, Limastonz, noderate y‘llﬂ!.’l browa (IMA)’
welthers dark yellowish orange, hard, well cone
solidated, mesistant, aodular, bransttionnl and
very uneven contacts, ¢rinold stens abundant..sese0? 5S¢

11, Shale, pale olive, weathers yellowish brewn, soft;
falr consolidation, noneresistant, thinebedded,
trangitional and uneven contacts, ealsapsous,
ceinoid 'tm'uuuuuuuuuunuuuuuun Qe 6'

10, Linsstone, yellowish gray (5Y7/2), weathers graye
1ah yeller, haed, well consolidated, resistant,
one bed, gradational and even wpper sontact,
sharp and smooth lower contact, crinoid stens,
hrachiopods, rare small fusulinids, abundant
Oﬂiauuuuuuuuuouuououuunuuoun Q% 10m

Soldier Créck Shale member (100)

9. Shale, pale olive and yellow variegated, weathers
grayish yellow, soft, fair consolidation, non=
mesistant, mim-mm, sharp and sno con=
tacts, some  caloareous zones, silty, hora corals. 7¢ 5"

8. Limestone, pale olive (10Y6/2), weathers grayish
yelliow, aediun hard, well consolidated, rosise
tant, dense, thin-hedded, abrupt and very
saooth contacts, very argiliaceous; ClamSsiecsseves 07 7%

7« Shale, bhcki weethers grayish black, seft, fair
conselidation; nonervesistant, rmmg upper

contact abrupt and flat, lower
tiomal and uneven, earb&nccw. clams,
MﬁuObt-oo-uocooo'uoooooooooottdlocot.ooooto. 1' 9.
6. Shale, 1ight olive gray, weathers yellowish gray,
. soﬂ’:, poor cemoudttiu, nonegesistant, mediune

bedded, transitional and uneven contacts, cal-
careous, clmms, fenestrate LEyoZ0ANSisvscsossccecs OV 3%

Burlingame Limegtone member (10 10%)

%e Linecstene, mediun light n{ (¥§), weathers ysliowa
ish s medium well consolidated, resise
Samt. edien b8 hinduiied g, St
mnm-m.mmqi s brachioe
puds, crinoid steas, rare small
ramose bryosoans, small fut abune
mumm.mmwhap

2 pPUrlecosecocscsssacccnsbosnoceussnsaasosscccscs OV 9F

Lo Shale, yellowish hroun, weathers yellowish gray,

LI ————



L5

soft, poor consolidation, nonsresistant, thine
bedded, gradational and undulating contects,

calca.:cous.......u.............u...u......u... o 2%

3o Linestone, medium gray (il5), weathers greenich
gray, hard, well consoiidated, resistent, one bed,
shurp ond {leb upper contact, gradationz2l and une
cven lowsr contact, argillaceous, brachibpods,
ranose bryozouns, crinoid stems, Neospirifer,

C‘SﬁQiaoco0.00ooooooooooou¢nooooooootoooct-otoocoooo. 11'
Scranten Shele
Silver Lake Shale meaber (6' 8" exposed)
2+ Shale, light brown, weathers yellowish brown, soft,

fair consolidation, non=vesistant, thine-bédded
g;.‘a:laticaz.l and uneven contacts, caleareouSssecssce 2 OF

1, Shnle, bluck, weathers gray, soft, good consolidne=
ticn, noneregistant, thinebedded, cradationzl and
flat CCﬂtS.CtS, carbonacetusSee o ssocvseeovsc0vecoree ,.l' gn

Locality M P - g
(Type Locallity of Wakarusa Limestone)
Sec. 23, Ts 13 Se, Re 1L E., Shaunee County; measured in roade
cuts and roadside ditches on both sides of half section read west
of Auburn on both gides of the lorth Branch of Welmarusa River,

Fair expecsure.
Thickness
Feect Inches
Bern Limestone (iLt 7% exposed)

Wakaruss Lincetone member (31 70 exposed)

13, Limestone, light olive gray (5Y6/1), weathers yele
lowish Lrown, hard, well consolidated, resistant,
onc massive Led, transitional and flat contacts;
erinoid steus, very abundant large fusulinids,
O‘aﬂia. obt&“ooooooooooacoooo000000000000000.0 1 ’l‘

12, Limestone, light olive gray (5Y6/1), weathers yels
lowish Lrown, hard, well consolidated, resistant,
onc thick bed, transitional and uneven m con=
tact, sharp and smooth lower contact, d stems,



horn corals, brachiopods, small gastropods
szinia, L;tfzhgpryllldlum:...........u....:....... o?

11, Shale, yellowish brown, weathers ycllow, soft, fair
consolidation, noneresistant, thinebedded, sherp
and smooth contacts, CElCRIreOUSscsnsessssvnssssans OF

10. Limestone, light olive gray (5Y6/1), weathers yellows
ish gray, hard, well consolidated, resistant, one
thick bed, sharp and flat contacts, grinoid steus,
ramose bryggoans, brachiopeds, abundant Ottonosia
encrusting horn corals and Dictyoclostus, Usegia.. 1Y

Soldier Creek Shale member (8 4%)

9. Shale, dark yellowish orange, weathers orange, soft,
poor conselidation, non-resistant, poorly=bdedded,
transitional and uneven contacts, calcareous.csses 1V

8. Limestene, grayish orange (10YR7/L), weathers yele
lowish orange, mediwm hard, good consolidation,
resistant, mediun to thinebedded,’ gradational and
uneven contacts, contaias thin calcareous shale

p'C.Z‘tiﬂQSooooaooocoocoooooooooo.coco.ocooooocouooCo ot

7s Shale, dark yellowish orange, weathers orange, soft,
poor consolidation, non-resistant, poorlyebedded,
transitional and uneven contacts, calcareouS.sesss O

6. Limestone, dark yellowish orange (10YR6/6), weathers
iight ycllowish orange, hard, well censolidated,
resistant, thinebedded, transitiomal and uneven
upper contact, abrupt and flat lower cont®tbosssce 1°

5. Shale, grades from dark at base to olive gray
et top, weathers greenish gray, soft, goed cone
solidation, none-resistant, thinebedded, sharp and

{lat contacts, micacecus jpper part slidm.y

EONIYea00s00008000000000000080000000006000608080600 ke

Burlingame Linestone member (20 6%)

Lhe Limestone, medium gray (NS), weathers rqhh
crange, hard, well consolldated, resistant, one
bed, transitional and cven contacts, silty,
argillacecus, brachiopods, abundant fusul ’

O'Igziooouncoonoo.-on_onoaoonoq“on_oonooo.oo o
3. Limestone, medium gary (NS), weathers A

myc,‘hrd‘ well M!M Mw one

bed, transitional and even contacts, ﬂ&

wriu, argillaceous, brachicpoeds, g

e TR SRR S
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7

crinoid stens, fensgtrate Lryomoans,

deospirifer, Dictyoslostus, abuadant 0gaglieseeess OF 99

2. Limcstoae, light ollve gray (5¥6/1), weathers yele
fowish gray, mediun hard, good consolidation, ree
sistont, mediuwm to poorly-hedded, tralisislonal and
..m.ulating conbacts, very argillaceous and silty,
small gasts Leopeds, abundant Mononocoooonooo v Q@ !

Seranten Shale
Silver Lalc Shale member {3+ exposed)
1. Shale, grayish olive, weathers olive brown, latf.,

fair consolidation, nom=resistant, blocky, transe
itional and wncven conbacts, 8illyesscsevecessonse 3¥ OF

Locality X
SEk, NE;, Scce 27, Te 13 Ssp Re 1 Es, Shaumee County; mneasured |
in ditch on west side of acrthegouth road and in small strean about

200 feet t of Poor
ect wes road, CIposurcs
Feet Inches |
Abura Shale (1%+ exposed) 1
11, Shnle, COVETCUpeneosornuoreesendosunresciessssessened 18 Q»
Bern Limestene (16% Lv)
Wakaruse Limestene memper (3 2%)

10. Limestons, i ive gray 1), weathers yellow
ish gra&, &,ﬂ 11 m%mu, as=
sive, sharp and cvea contacts, or staas

hmehicpods suall gastropods, abundant W
fmulinidl. % Mﬁ...'i.‘..‘..'.‘..'.l' gn

9. Shale, yellowish gray, weathers yellow, seft, fair
consolidation, noasreuistant, thinebedded, shasp
anid smoeth contacts, calcarcous, abundant

crinoid m.u»--o--.tmm.onn.tuﬂ.t..t.ﬁb Qv 9%
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L8

Soldler Creek Stnle meadber (10t 60)

7. Shale, greenish gray, weathers yellowish greay
soft, good consolidation, asn~resistant, thfnu
bedded, sharp and cven comtacts, sughtly cale

e
S 6“@.090000‘0.0!Io000.00.000.0lb‘.‘bob'cb..io.. a8 3.

6. Linecstone, pale ,,'f‘llowish orange (1OVR8/6) fresh
end ':,ath»:‘nd medium hard, ~oo<' conzolidation,
wenkly res!stant. conteing thln layers end lens
ses of sand especially ia lower part, thine
brdded; sharp and snooth contacts, "punk bed"..ses 20 110

S« Shale, greenish gray, weathers yellow, soft, good
cméomauon, noneresistant, thinebedded, sharp

. fint CO!ltl'.CtSocoumu.ctouonooo--oooc.ooouo- 5. h'
Burlingame Limestone member (2t 8%)

ke Linzestene; pale yellowish brown (10VR6/2), weathers
greenish brown, hard, well consolidated, resistant,
{hin=bedded, sbrupt and even upper centact, grodam
tional end uneven lower contact, crinofd stems,
ranoge heyozoans, brachiopeds, small fat mluunlda,
MOQOOOO0.00.0...0.DC..0.0.CQ..‘O.....Q....... 0' m.

3. Limestone, dark gray (M3), weathers yzllowish gray
hard, good consoutht.!on, resistant, suboolitic,
thin=bedded, transitiomal and uncven contacts, small
castropods, ramose bryogoans, crinold stems,

oo b0 GOOOBOGOCEOROCOORODODRODY O' 10‘

2. Limestons, iight olive gray (5Y6/1), weathers yele
lowish oray, ¥ zm hord, good consolidation,
weakly res MM with m lutm-

ing dcmaard rﬂ-
m-adaticul M Mlllﬂn' cm, 8 lty -
inceous, crinoid stems, small

iopod Sfragments, clams, Moaonucutoouoooo 1v on

Seranten Shale
Silver Lake Shale member (3% exposed)

1. Shale, greenlish gray, weathers light f' soft,
good connoudnum. nonsregistant, h&
transitionnl contacts, wononnuuuon 3t om -
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Locality O

SE}, NE%, Secs 3k, T« 13 Sep Re 1 E., Shawnee County; measured
in ditch on north side of east-west road just west of curve. Poor

exposure,.
Thickness

Feet Inches
Bern Limestone (13! 7" exposed)

Wakarusa Limestone member (10" exposed)

7. Limestone, modergte yellowish brown (10YRS/L), weathe
ers orange, hard, well consolidated, resistant,
one bed, transitional and uneven contacts, abune
dant crinoid stems, brachieped fraguents, clams... 0! 10%

Soldier Creek Shale member (10' 11%)
6 Shale, coveredeessccsscossssssssssssscssesssssssccce Lo én

5. Limestone, light elive gray (5Y6/1), weathers yellow=
ish brown, hard, well consolidated, resistant,
reefoid, coquinoid, thickebedded, sharp and un-
even contacts, silty, sandy, lower part micaceous,
shell material highly broken, very abundant clams
and varied gastropeds cemented together by algae.. 1% 57

ho Shale, coveredecssescossssssonsssesasssessasasvscesae S' on
Burlingame Limestone member (1¢ 107)

3. Limestone, light olive gray (5Y6/1), weathers yell-
owish brown, hard, well consolidated, resistant,
thick-bedded, transitional and uneven contacts,
crinoid stems, brachiopods, clams, small gastro=-
pods, ramose bryozoans, small fat fusulinids,
o’aﬂ!a...C00...0D..0.......l........‘l“......‘l.! 1. 10.

Scranton Shale
Silver Lake Shale member (6' 11" exposed)

2, Shale, greenish gray, weathers grayish hrown, seft,
good consolidation, non-resistant, thin-bedded,
transitional and uneven upper contact, sharp and
flat contacCteicessscsvssscsccssssssncecnsscnsesnses 3' an

1. Siltstone, reddish brown, weathers brownish yellow,
medium hard, good consolidation, weakly resistant,
thin=bedded, sharp and flat contacts, argillaceous,

CalCarCOUSesvesssescsscsescnnsescsssssnasnscossnce 2F b
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Locality P

Why Sece 25, To 13 Sey Re 1l E., Shawnee Countyj measured in
roadcut on both sides of nerthegouth road on south bank of Walmrusa

River near center of section. Good exposure.

Thickness

Feet Inches
Bern Limestone (8% 6" exposed)

Soldier Creek Shale member (6' 3% expoged)

5. Limestone, pale yellowish brown (10YR6/2), weathers
yellowish byown, hard, well consolidated, resistant,
recfoid, coguinoid, thickebedded, abrupt and une
even contacts, very abundant mytiloid clams,
abundant small and large gastropodBescesovscesecees 4F L7

L. Shale, greenish gray, weathers yellowish gray, soft,
good consolidation, non-resistant, thine=bedded,
sharp and uneven contacts, decreages in thicke .
ness to the s0uthesecsessosecsessnsssscsenssssscse 1V 117

Burlingame Limestone member (20 37)

3. Limestone, medium (N5), weathers yellowish
brown, hard, well censolidated, resistant, thicke
bedded, sharp and flat upper contact, gradatiomal
and uneven lower contact, argillaceous, lower
part grades into shale to the southwest, crinoid

stems, brachiopeds, abundant Osagle, Derbyfas.eess 2 3°
Scranton Shale
Silver Lake Shale member (5' 11" exposed)
2. Shale, greenish gray, weathers grayish brown, soft,

good consolidation, non~resistant, thinebedded,
transitional and uneven upper «l‘ut, sharp and

fiat lower contact, calcarcous at tOPececccesvecce 37 TH
1. Siltstene, light gray, weathers light broun, hard,
well consolidated, weakly resistant,

sharp and smooth contacts, sandy, very calcareous,
argillaceoUBecoseneccssoscsssescscssccnccncssnssos 10 hve

Locality @
MEL, Sk, Secs 25, Te 13 Ssy Re 14 E., Shawnee County; measured

« St



in readcut on northwest side of the Kansas Turnpike by H, W, Miller
of the State Geological Survey of Kansas, The upper part of this
section was later removed for completion of the turmpike. Good

CXposSutC.
Thickness
Feet Inches
Bern Limestone (21% L' exposed)

Wakarusa Limestone member (3" exposed)

6. Limestone, light olive gray (5Y6/1), weathers in
grayish orange {lattened plates, hard, cryptoe
crystalline, highly fmll!tcroul, brachiopod
fragments, gastropods, ramose bryozcans, crie
noid stens, fmlin‘.d” 0"‘“0.00'.0...6000.0.00. Qs 3v

Soldier Creck Shale member (1t 7%)

5. Shale, dusky yellow, weathers grayish yellow, slightly
sandy, calcareous, non«fossiliferousesessevcscccos 1t 67

l
|
4o Limestone, yellowish gray (5Y7/2), weathers dark |
yellowish erange, coarsely crystalline, welle ;
beddedl ,mcmliwu::mlmtgthmm&m
coquina, exposure ¢ e - |
187 in thiclness 30" above the base of the lime- j
stone, not present in part of exposure, clay is ;
olive gray, weathers grayish yellow, contains :
streaks of pyrlec contains brachiopods,
pelecypods and % limestone con=
tains nautelold gastropods,
pelecypods, brachiopods, or iu!d stems, fusulinids,
mzl 3 Jwoo.oocncota.c.ou.oooooaoou 100 &»

3. Siltstene, grayish olive, weathers I: 1lowish m. |

bloc ii nndy upper 5"

ltm, ‘ﬂf“’!l‘fﬂ“oo-ooooooooo-ootoooooooooo av =
Burlingame Limestone member (69 6%)

2. Lmst.om. 1ight gray (N7), “h?m u‘:t ycum:
thin-bedded, micaceous, erbeds
shale M M“ m.o:ounouoo.uooo-oo 61 gn
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Seranton Shale
Silver Lake Shale member (8¢ 10" exposed)

1, Siltstone, very light gray, weathers 14
Blecicy, with thin faterisds of £issily shote”
and limestone bed 107 thick in upper part,
brachiopodc, 51“Cooov.oooooooooa.oooco.oooo.tooo.o gs 10m

Locality R
SZi;, Sik, Secs 26, Te 13 Sey Re 1 E., Shawnee County; measured
in roadeut on small rgad that passes under the Kansas Turnpike on the

southeast side of the South Branch:of Vularusa River, Good exposure.
Thickness
Feet Inches

Bern Limestone (11" 11% exposed)
Soldier Creek Shale member (10t L#)

13. Linmestene, pale yellowish brown (10YR6/2), weathers
dark yellowish orange, hard, well consolidated,
regictant, reefoid, coquinoid, thich-bedded, sharp
and uneven contacts, contains o tongue of breccia
with reef fragments and foreign material in & lighte
colored matrix near the center, very abundant
mytileid clams and assorted
out, ramose bryezoans in central part, rare
fusulinids in lower partecececcscscccecsscvocosoecs 100 »

Burlingume Limestone member (1! 79)

12. Limestone, moderate yellowish brown (10YRS/L), weath-
ers brownish yellow, hard, well moumc&, resis-
tant, one bed, abrupt and undulating contacts, crie
noid stems, brachi s ramose bryozoans, small
gastropods, small fusulinidSeesssvoccccsosvccce OF 9"

11, shale, moderate hrown, weathers orange, soft, poor
consolidation, noneresistant, edded, transe
lum and uneven contacts, silty, calcareous.... OV 2%

10, Limestone, pale yellowish brown (10YR6/2), weathe
. ers yui-mm orange, hard, well
resistant, one thin bed, gradational and uneven
contacts, orinoid stems, rasose hryozcans, small
WWl Mm. m.ocoooooooooooouoo ot 3'
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9e Shale, noderate hrown, weathers orange, soft,
pocr consolldation, non-resistent, thin-bedded,
gradational and wneven comtacts, silty,

€ ". l«' A
CRLCAYCOUSeesvescsevsossororssossssssvasnssessanse OF 28

8. Limestone, pale yeliewish brown (10VR6/2), weathers

- wellewish orange, hard, well consolidated, resise
tant, one thin bed, transltional and weven cone
tacts, orinoid stems, chundant small gustropods,

?‘1’.‘:’7'??‘:!0;")048, Oas I8¢vesssasssssvussonsevesvsnsnese OF 3'

Scranton Shale (36t 57 expoged)
Silver Lake Shale mesber (330 3%)

T+ Shale, groyish green, weathers greyish beowm, soft,
uood consolidation, nonsresistant, blocky, graodew
Lional and uneven wper contact, sharp and smooth
louer contect, caleareous 8t CODeessssvecssersnnss 2V OM
£, Siltstone, reddish brown, weathers brown, mediun
hard, good coasolidation, weakly resistunt, inters
hedded with calcareous shale, thinebedded, shurp
nnd even contasts, sandy, argillaceous, cale

D et e 0t a0coechoceatoctbcbroadnoeeosbtonnecnodd h' 8"

. Shnle, hromish gray, weethers brown,:soft, goed
eaneolidationy non-resistant, mediwmsbedded to
hinahy, sharn and even contacts, cardbonaceous

materisal. .. .ocoaooooooot.oocancono.oo.cococoon,f. 25' 10'

Rulo Limestone member (11°67)

e Linrstone, dusky yellow (SY6/h), westhers greyish
hemm, herd, well consolidated, resistant, one
rmasive bed, sharp and even contacts, 1=
laceous, erincid stems, brachiopods, clans, fence
strate bryczomns, rare fusulinidSicsrisecrorccesass 11 6%

Cedar Vale Shale member (19 8" exposed)

3, Shnile, yellowish oroy, weathers orange, soft, fair
censolidotion, noneresistant, thinebedded,
and smooth contucts, ¢alCAreOUS ssssssccncossccces OF 6F

2. Elno goal, black fresh and vesthered, soft, impure.. 0% 2¢
1. Shile, gray, weathers yellowish gray, soft, good

consolidetion, noneresistant, hloclky, -
and uneven upper m.ouooo-auc.tocsobl§f000-| 1t o»

i DIUISE— ey



Lecality S
W, SWi, Secs 285 Te 13 Suy Re Ui Eo, Shawmee County; measured

in roadeut ¢n coutheast side of iansas Turnpllic. Good exposure,

Thickness
Peet Inches
Bern Limestone (107 exposed)

Seldier Creck Shale menber (9=10' exposed)

he Linestone, 1light brom (SYR6/)), weathers browm,
hard, well consolidated, resistant, reefoid,
coquinetd, thickebedded, lower contact unconforme
able, reef limestone rests In part on lower Buse
lingome Lineastone and in part on upper Silver
Lake Shale, weathered zone along wnconforaity,
conteins seme rounded linestone fraguents, abune
dent mytileid clamg and assorted gastropods
throuchout, rare renose bhrvozoons and fusulinids
in lower part, Xenscanthus (.M) teethisesssnose 10' maximum

Burlingame Limestone menber (O«1! exposed)

3. Limestone, nedium gray (NS), weathers yellowish
gray, hard, well consolidated, resistent, one
bed, unconformable upper contact, Miul
and uneven lower contact, crineid stems, brache
fopods, abundant m."ououuuuu"opuoonc 1% maximum

Seranton Shale
Silver Lakc Shale member (14 27 exposed)

2, Shale, grayish green, weathers light browm, scft,
fnir consolidation, non-gesistant, thin-bedded,
cradational and uneven upper contact, sharp and
fiat lower cm’ Wper nart calenrotuSsesseacss 2 2%

i, Siltstone, light » weathers browmish gray,
nediun hard, well consolidated, resistant, ‘:ﬁn-

bedded, sharp and even contacts, sendy, ar
laceous, calcareous, 21C2000US.cesscsascscsoescnael2l OF

 Losality T
Wik, Wif, Sec, 1, T» 1L Sy R. 1 E., Osage County} measured
in readout on cast side of northesouth read just south of small
stream. Fair exposure.
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Thickness

_ Feet Inches
Bern Linestone (7! exposed)

Soldier Creek Shale member (4 8" exposed)

5. Linestone, mederate yellowish brown (10YRS/L),
weathers dark brown, hard, good censolidation,
resistant, thinebedded, sharp and uneven con~
tects, very sandy, micaceous, mytilold clams.eeess 1% OF

L, Shale, olive green, weathers hrewn, soft, good
consolidation, non-resistant, medium=bedded,
sharp and uneven upper contact, sharp and even
lower Contaclessesessessscnsosssosssssesannanssces 3t gn

Burlingame Limestene member (2t Ln)

3. Limestone, yellowish gray (5Y7/2), weathers yellew-
ish gray, hard, well consolidated, resistant, one
nassive bed, shrut and gmooth upper contact; un=
cven and transitional lower contact, crinoid
ctene, small gastropods, ramese Liyozoans, small
fat fusulinids, Mao0-oonol'ocqoao.ocoooocooo v

2, Limestone, light olive gray (5Y6/1), westhers yellow
ish brown, hard, geod consolidation, resistant,
orades from mediunebedded ab bop to noduler at
base, uneven anx! very transitiomal contacts, low~
er part silty end srgillacecus, crinoid stems,
shell fragments, sacll gastropods, abundant Osagle Of 9" :

Scranton Shale
Silver Lake Shale member (10"exposed) |
1. Shale, brown, weathers light hwawm, seft, falr ‘
consolidation, noneresistant, posely-bedded,

very transitional contacts, calcareous, upper
part contains 1inestone M&lﬁ.noouotooooacooo;o Q107

Locality U
swk, Swi, Sece 1, T b Sey Re 14 E., Osage County; memsured in
roadeut and ditch on east side of northesouth road just south of
tmall stream, PFair exposure.
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Thickness

Feat Inches
Avburn Shale (30'+ exposged)

6. Covered, shale (?)oovooo.coo'..ooooooo.ooaoooouoooooc 300 Q¥

Bern Lincstone {79 9" exposed)
Soldier Creck Shzle member (S' 107)

S. Limcstone conglomerate, yellewish gray (SY7/2),
weathers yellowish brown, hard, well consoli-
dated, resistant, nediumegrained, rounded to
subrounded particles of limestone and reef
material in a calcareous algnl matrix,
and uncven contacts, micacecus, shell fragments... 19 1®

ho CQ':faer, shale (?)--ooo‘ooooooococoooocqoooo-ooo-oco 0" 10m

3. Limestone, yellowish gray (5Y7/2), weathers yellow=
ish brown, hard, well consolidated, resistant,
reefoid, coquinoid, thicke-bedded, sharp and une-
wven conteacts, some sandy zones in lewer part,
upper pert entirely sandy, very abundant mytilcid
¢lans and assorted mtropodc........n..n....... 30 11w

2, Shale, grayish green, weathers grayish brown, soft,
good consolidation, non-resistant, thick-bedded,
sharp and even contacts, slightly michceouScsscses Of 117
Burlingame Limestone member (1' expesed) )
1. Limestone, grayish orange (10YR7/l), weathers brewn,
hard, well censolidated, resistant, one hed,
sharp and even contacts, crinoid :m:i saall

gastropods, abundant small fat fusulinids, :
abundant m..-oonooo.oooo-ooocoonooaoococoocoo i gn {4

Locality V
WE%, SWi, Sec, 5, T. 14 S,y R. 15 E,, Osage County; measured in
roadcut and ditch on northwest side of road. Fair exposure.

. T I

Thiciness
Feet Inches
Bern Limestone (10° expossd)
Soldier Creck Shale member (3! 11" exposed)

1. Covered
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13. Linestone, pale yellowish brown, (10YR6/2), weathe
crs yellowish gray, hard, well consolidated, re=
sistant, reefoid, coquinoid, thickebedded, ,
and uneven contacts, containg a few limestone
fragnents, abundan® sytiloid clams and asserted |
gastropods throughout, lower contact unconforme

e‘bl‘g..‘....0...Ol.‘..l‘..'.....l..........."...... 3' 11.
Burlingame Limcstone member (60 17)

12, Limestone, dark yellowish crange (10YR6/6) fresh
and weabhered, nedium hard, good consolidation,
weakly resistant, very badly weathered, upper
contact unconformable, thinebedded, sharp and
uncven contacts, izon strain preducing “pseudo
GI‘OSSW’Z)Q", shell {ragnentlessevceseccsssosans 1 én

11. Shale, grewnish gray, weathers brown, soft, fair
consolidation, nonsresistant, nediumebedded,
sharp and uneven contacts, calcareous; $iltyeeeses O 20

10, Limestone, graylsh orange (10YR7/k), weathers
light yellowish gray, hard, well censolidated,
resistant, nediun-bedded, sharp and uneven cone
tacts, crinecid stems, small gastropeds, shell
{ragments, ramose bryozouns, abundant small fat
fusuinidﬂ, c“gu........t......0'..'0....000.0.. 3. 1.

9. Limestone, pale yellowish broun (10YRG/2), weathers
brounish yellow, hand, well consolidated, resige
tant, thickebedded, sharp and uneven contacts,
erineid steas, fenestrate bryozoans, small
gastropods, abundant 0"2’.&0-0-.00.0.000.-'.-Qooo o h'

8. Shale, brown {resh and weathered, sofi, fair con=
solidation, non-gresistant, blocky, sharp and une
sven contacts, calcareous, 9il8Yesovscocscsnnsesees OV 27

7. Limestone, pale yellowish brown (10YR6/2), weathe
ers brownish yellow, hard, well consolidated,
resistant, onc bed, sharp and uneven contacts,
crinoid stems, fencstrate bryosouns, small
gastsgpods, abundant m.ooonlconnooooaonoonoo Oy 2=

6. Shale, brown fresh and weathered, soft, fair cone
solidation, none-resistant, blocky, sharp and
uneven cm‘mh, .‘IW, CaleureouSeesooccescesccne OV 2V

5. Limestone, pale yellowish brown (10YR6/2), weathers
yellowish brown, hard, well consolidated, resis-
tant, one thin bed, sharp and uneven contacts,
crinoid stems, ramose bryozoans, brachiopeds,
smell gastropeds, abundant Moooooooc-oo-oooc Qv 1#
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L. Shale, brown fresh and weathered, soft, fuir cone
solidation, noneresistant, blocky, sharp and
uneven comuto’, .’.lty, ¢alcareouS e sssesecccnvsse Of 3%.

3. Limcstone, yellowish gray (5Y1/2), weathars yellowe
ish brown, hard, well coensolidated, resistmt,
cne thin bed; sharp and uneven conéuu, erinoid
stems, brachicpods, clams, abundent ssall gase

tropods, abundant Osaglay diet %&g
Chonetes, u‘m OpECLeNvossonsscvcvos or 1&'

Scranten Shalc
Silver Lakc Shale member (22% exposed) -

2. Shale, clive green, weathers greenish gray, soft,
good consolidation, non-resistant, blocky, sharp
end unzven contasts, 511ghtly Silty‘oooo.ooooooooo Lo o7

1. Silistone, grayish green, weathers yellowish green,
hard, well cengolidated, weakly resistant, thine
bedded, sharp and uneven coatacts, calcarcous,
a:gillaccous, Sﬂw, ClaRBscorecssnssonvasensensen 188 OF

Locality ¥
%, SE‘};, Sec. 25’ Ta 14 Sey Re 1 20’ 08!90 Cmtyj measured ia

small stream just north of castewest road, Poor exposure,
Thiclness
feet Inches

Bern Limestone (15¢ io* expoged)
Walarusa Limestone membes (L' 9" exposed)

I Limestone, pale yellowish brown (10YR6/2), weathers

yellowish gray, hard, well consolidated, resis-
tant, onec :nuiu s transitional and uneven

contacts, crincid stens, gastrepeds, abundant
large fusulinids, Moo.o-cooococoooqocoo.oo 1 i1»

3. Limestens, pale yellowish brown (10YRG/2), weathers
yollowish brown, hard, well censolidated, resig-
tant, one massive bed, transitional and undulate
ing contucts, brachiopods, ramose bryozoans,
abundant crinold StemSeeccscsssccnncnsssscscccnsce 27 10%

Soldier Creeck Shale member (6 7v)
2, Shale, yellow, weathers yellowish orange, soft,
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poor consolidation, noneresistant, thinebedded,
tronsitional nnd uneven contacts, siity, upper
part calcaresus and contains shell fraguentSeesves 6V 79

Burlinganc Limestone member (L' 6 exposed)

1. Linestone, pale yellowish brown (10YR6/2), weathers
yellowish brown, hard, well consolidated, resise
tant, one magslive hed, transitienal and undulating
centacts, crinold stems, brachiopods, ramese bry-
czoxngy large algal bodles, small fat fusulinids., L' 6"

Locality %
(Type Locality of Burlingame Limestone)
SE%, SE;, Sec. 9, Te 15 Se, Re 1h E., Osage County; measured in

ditch on north side of Kansas Highway 31. Poor exposure.
Thickness
: Fect Inches
Bern Limestonc (12' 10" exposed)

Wakarusa Linestone member (14' exposed)

6. Lincstone, mederate yellowish brown (10WR5/L),
weathers ycllowish brown, hard, well congclidated,
resistant, thickebedded, sharp and even contacts,
crinoid stems, brachiopeds, sbundunt large fusu-
1inids and w.caooooooooooo-oo.-o'oaootnoo or 6v

S. Limestone, yale yellowish brewm (10YR6/2), weathers
yellowish brown, hard, well consolidated, resise-
tant, thichebedded, sharp and swoolh contacts,
iinonite concretions, crinoid stems, ramoge bry-
ozoans, brachiecpods, Motc.cocnno.cooao.oo QY &»

Soldler Creck Shule member (90 9%)

ke Shale, grades fyom dark gray at bottom to grayish
green ot top, weathers grayish browm, soft, good
conselidation, non-resistant, blocky, sharp and
oven cmt_.vpo-too-..ooooot000'00000¢00--o.-0000 o1 om

Burlingamec Limestone member (2¢ 1)

3. Linmestone sh (1om7/l) veathers browne
ish erange ’,“dma,mmmu,ﬁ ¢, vesistant,
thichk-bedded, sharp and smooth upper contact,
gradational and uneven lower contaet, crinoid
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stems, small gastropods, ramose hryozoans,
brachiopeds, abundant small fat Cusuliaids,
few C‘Sﬂﬂlaonooocoo.outooaooouuunouuocooooo 1% on

2, Limestene, pale yellowish brawn (10YR6/2), weathors
yellowish brewn, hard, well consolidated, resise
tant, cne thin bed; gradational and uneven cone
tacts, brachicpods, small gastrepoeds, clams,

abhundant DS:.U!&;...-o.oo-ooooosooo-oogoon:o0000000 L) h"

Seranteon Shal:
Silver Lake Shale member (3% exposed)

1. Shalg, grayish green, weathers groyish broum, soft,
good cengelidation, non-resistent, meditmebeodded,

gradational and uneven conteCtSseeecessesrssessnce 3V OF

Locality Y
NE4, ME., Sec. 18, T 15 S., R. 1 E,, Osage County; measured in
ditch at intersection cf northegouth road and Fengas Nighway 31. Peor

Oxpocure.
Thickness
Feet Inches

Bern Limestone (11! 9" exposed)
Wekarusa Linestone member (1' 9" exposed)

L. Limestons, moderate yellowish brown (10YRS/L), weathe
¢1g brown, hard, well conselidated,. resistant, one
bed, transitional and uneven centacts, crinoid
stens, brachiopeds, large fustlinids, Cttonosia... O' 11

3. Limestone, moderate yellowish brown (10YRS/k), weathe
ers y=llowish brown, hard, well coensolidated, ree
sistaat, one bed, trensitional and uneven cone
tacts, crinoid stems, brachiopods, saull gastroe

pods, clams, -ﬁw m-ooco'ooooooo Or 10w

Soldier Creclk Shale member (89Y)

2, Shale, olive weethers yellowish brown, Bolt,
consolidation, nonsresistant, blocky, tronse
tional and uncven upper contact, sharp and un~
even lower contact, upper part calcareous, lover
Pert CarbonNRCEOUSessesnssscvsssasssessvesssvecesce 3¢ OV
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Burlingame Linestone member (29 exposed) |
1. Limestone, durk yellowish orange (10VR6/6), wemthe
€S orange, hard, well consolidated, resistant,
ge b.dk’w ’hﬁp ::: irreqular contacts, erinoid
ens,; weachiop small gastropeds, bryozodns i
abundent small fat fusulinids, 08agiaseeesssessses 20 OF |
Locality 2
s.‘:.{;, Si‘-z_;, D&'Q, S8C, 20’ Te 1; SI, Re u-l 80’ OIOQ cmw’
measured in roadcut oa north side of eastewest rosd. Poor exposure,
Thiclness
Peet Inches

Bern Limestons (109 7% exposed)
Wakarusa Limestone member (1% 6% expognd)

5 nestone, ye ; X
P HRAT el SaRSaTRalt, PeRka fenge, "

oclites, one bed, gradational and uneven cone
tacts, lliqhtly sandy, shell fragnentBececscccscss 1 6"

Soldier Creelt Shale membezr (6Y)
ho Shale, coveredeseacisssossssscrsassscsovssvssnacsnes 67 Qv
Burlingame Limestone member (30 1%)

3. Limesione, dark yellowish orange (L0YR6/6), weathers
yellowish gray, hard, well consolidated, resistant,
-massive, sharp and flat upper contact, gradational
and uneven lower contact, crinoid stems, ramose
bryozosns, small gastropods, arachiopod fragments;
abundunt. small fat fusulinids, MQ.OOOQOOOOOOQ 10 g=

2, Limestene, grayish orange, (10YR7/k), westhers yele
ilowish proun, nediun hard, good consolidmti
wenkly resistant to resistant, grades frem thick-
bedded at top to thinebedded at base, very trens-
itional and uneven contacts, silty anc argile
laceous especially in lower four inches, crie
neia stems, shell frageents, very abundant
m!_‘_ especially in lower Partscssessncscesccsses 1V 50
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Seranton Shale
Silver Lake Shale member (3'%+ exposed)

1. 3hale, olive gray, weathers gresnish gray, solt,
goed consolidation, non-resistant, thin=bedded,
very transitional and uncven contacts, wper
purt &16&&‘00’&1&, silty.............u...........n 3» o

Locality AR

s 1 » 2 iy it ? 4

Osage County: mezsurcd nlong amall streum nbout 300 fect west of

merth-south rond, Fair cxposure.

Thickness

Feet Inches
Bern Limestone (13F 7" expesed)

Vakarusa Lirzstone nember (2¢ 3% exposed)
€. Limestone, pale yellowish broun (1OYRG/2), wenthers
Lrownish gray, tard, well consolidated; resistant,
cic massive bed, sharp and smooth contacts, orie
nold stems, brachicpeds, sbundant hern corals,
ebhundant large fusulinids tnly in upper pact,
Dictvoclostus, Choneles, Obtoncgitevecssscsscennes 20 3%

Soldler Creck Shale mesber (6%)

o Shale, brounish yellow, weathers yellowish crange,
gofty fair congolidation, non-rasistant, thine
Ledded, sharp and even conbacts, CalCarscusesessse OV 6¥

Burlingame Limestone mesber (5 L")

3. Limestons, elive grays (5Y4/1), weathers brownish
orange, hard, well ceasolidated, rssistaat, ons
mussive bed, dense, sharp and even contacts,
carbonncecus in lower part, brachicpods, claas,
horn corals, abundant crinoid stems,

Rictvec LUBseeoessrenasssancsnassosnsstonsssoces 37 TH

2. Limestons, white (i19), weathers yellowish white, haxd,
well censolidated, resistant, dense, one massive
bed, sharp and aven contacts, erun!d stems, shell
fragments, abundant small fat fusulinids in upper
pazxt oaly, fww in lower Pallcesccncsvocscce 1% on
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Scranton Shale

Silver Leiw Shale member (5% cxposed)

1, Shale, yellowlsh brown, weathers grayish yelliow,
soft, good eonselidation, acawresistant, thine
Ledded, sharp and even centacts, calcaresusiin

sl A
upper part...n...-nuu..n........u".nu.n. 5' on

Locality BB
m}‘li) ..E"_“, Sec. 32 and 3?3:‘_, 554.‘, Sec, 29’ 7. 16 5., R 1’-’. E.’
Osage County; ncmsured cn east bank of small strean ia Sec. 29 and

In ditch south of vastewsst rond in Sec, 32, Poox TAPOTUTZ,
Thickness
Feet Inches
Bern Limestonc (iit 7% exposed)

Wakarusa Limcctone member (3 enposed)

Te Limestens, grayigh yellow (5Y8/h), weathers light
arzy, hard, well congelideted, resistont, thicke
hedded, charp and even contacts, ramose bryo-
zoens, shell frognents, crinoild stems,; ebundant

fu2ulinidsesecssvnssosnsssssscesssvsnensevasssssans 49 5.

6. Linestone, grayish yellew (5Y8/h), weathers yellow,
" “hard, well consolldated, resistant, thickebedded,
shazp and uneven contacts, ¢rinoid steus, brache

fopods, fenestrete and remose bryoszcans, Derbvie,
Csagia...........uu.......n.nu.n.uun.u.. gt o=

5. 3hale, grayish yellow, weathers yellow, soft, good
consolidation, mkiy resistont, containg ohune
dont pgagite limestone nodules similor to lime-
stone fmmediately helow, thin-bedded, gradation=
2l and uneven contacts, very caleareous, shell
fragrents, £omose DUyOZtBNS..sssessasssnscenssscss OF "

. Limestone, moderate yellowish hrown (10VRS/L), weathe
ers yellow, hard, well consolidated, resistant,
nediume-bedded, gradetional and uneven upper cone
tact, sharp and uneven lowcr contact, shell frage
rents, sbundant small gestropods “M.oooc-o 0 4L
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Seldier Creek Shale member (3°)

2
s

shale, grayish green, westhers yellowish gray, soft,
good consolidation, non-resistant, blocky, sharp

and unsven COﬂtu‘:tSo.coon-‘-c-ooooonoﬁoaa..ooooocot 3' on
Burlinganec Limestone member (59 7%)

2, Limestone, grayish yellow green (5GY7/2), weathers
brown, herd, well consolideted, resistant, badly
weathered, thichk-bedded, sharp and uneven dpper

centact, lower contact very transitionzl, uodular
limestone at base, abundant small grains of

glzuconite, sandy In part, abundant clans and
gastropods in matrix of cleag calcitCesascesnssces 5% T

Seranton Shalc
Siiver Lake Shale member: (5% exposed)

grayish green weathers yellowish gray, soft,

2
i consolidated, non-resistant, medium-bedded,
dational and uneven contactTivsssessvinssonsvves 5' on

Lecality CC
SE}, Sec. 10, T. 17 S., R. 13 E., Lyon County; measured in a

small stream north of easte-west roud. Falr exposure.
Thickness
Feet Inches
Bern l.imestone (9! 2% exposed)

Wakarusa I.inestone menber (57 27" exposed)

Lo Limcstane, light olive gray (5Y6/1), weathers gray-
ish brown, well consolidated, rcsistant, dense,
rnediun-bedded, sharp and uneven contscts, crinoid
ohens, razose and fenestrate hryozoans, hrach-
icpods, horn corals, clams, trilobites, gastroe-

pods, rare fusulinids in upper part, Otbonosia,
Osagia, W".l..ldlo“l'tl.Gl.ll...l. 5' 2"

Soldier Creek Shale member (10 ..6")

3. Shale, partially COVELCleoseasansncsssssesssrcessens 1V £
Burlingame Limestone member (29 )

2, Limestone, grayish orange (10YR7/L), weathers yellow=-

-




165

ish erange, havd, well wonselidated, resistant,

onc massive bed, sharp and uneven coatacts, grae
cationzl and wacven lover contact, crinoid steas,

clons, brachiopods, horn corals, small fat fusue

linids ingrease ln abundanue upward, Osagiz de-

crease In abundance upyard, Orbitolindcevveccassse 28 67

Scranton Shalc

Silver Lake Shale member (1% eiposed)

1. OShale, mobtled Lrown and black, weathers yellow,
soft, cood consolidation, ncneregistent, thine
hedaed, gradational and weven contacts, conw
tains sowe limestone nodulss, very calcarcous,
trilehites, horn corals, brachicpods, Hustedia.... 8L 0%

Lecality 0D
Sii, SEL, 30ce 21y Te 17 Sey Be 13 By Lycn Countys memsured in
ditch and roudcul on north gide of custewest road east of o snall

stream. Poor e¢xposure.
Thickness
Feet Inches

Bern Limestone (8% 6% exposed)
Walarusa | iuestone mender (1t 6" exposed) |

3. Limestone fsh orange (10YR7/h), weathers yelw |
lowish I’Jef:g hord, well consolidated, resistant, - '.
thick=bedded, trensitional and wneven contacts,
shcll fragaents, remose bryozeens, sbundunt erie
noid stems, Wnonuncnouvtnooocoo‘n. 19 gn

Soldier Creck Shale mesber (5%)
2o Shale, partislly coveredeesvosccoscscecocooeroonscas 5t ov
Burlingame Linestone member (2¢ exposed)
i. Limestone, pule yellowish brewn (10YR6/2), weathers |
yellowieh ovange, hard, well consolidated, resis- g
tant, one massive bed, obscured contacts, crinold

stens, fenestrate bryozoans, small fat fusulinids
in ‘é"M’ M‘““W‘l lower pagtee.s 2¢ O®
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Locality EE
WE%, Sec. 33, T+ 17 Suy Re 13 By, Lyon County; measured in

south part of active quasry. Geod exposure,
Thickness

Peet Inches
Auburn Shale {19+ exposed)

10, Shale, yellowish brown, westhers yellow, soft,
good congsolidation, noneresistant, thinebedded,
sharp and even ContuctScecssscsesonsssssvssssensees 1t OF

Bern Limestene (12¢ 11% exposed)
Wakarusa 1,inestone mezber (5 27)

9. Linestane, yellowish gray (5Y7/2), weathers broune
fch yellow, hard, well consolidated, resistant,
dense, onc massive bed, sharp and smooth upper
centact, gradational and vnevan lower contact,
local concentrations of fossil material in lowe
er part, large fusulinids in upper part, cri-
neid stems, brachiopeds, horn cerals, Enteletes,

Otteonosia.. FPNA00UEUUPEPEIIOUOCUVUREEN00E00REC000D h' 2"

8, Shale, brownish gray, weathers yelliowish broun,
goft, good consolldatlon, non-resistant, centains
iimestone nodules, thinebedded, transitional and
undulating QM’MGS, crinold stenSeeeesvosssaceses OF 3¥

Te Limestone, light gray (N7), weathers yellowish gray,
hard, well consolidated, resistant, eme thin
gradational end undulating contacts, abundant crie

rnoid stemSiescecssncesssnssnessnasessssacnsasnssse 0OF 3%

6e Shale, light gray, westhers greay, lOﬁ‘, goed consulie
dation, noneresistant, thin-bedded, gradational
and uneven: tontacts, abundant crinold stemSeaceess 0V 20

S, Limestone, olive gray (5YL/1), weathers dark yellow-
ish gray, hard, well consolidated, resistant, grades
from thinebedded at base Lo mediumebedded at top
transitional and uneven contacts, abundant umid

stm..lQ.....'....ll.l.0.....00.‘......... sunece 0 0' h.

Soldier Creck Shale member (7° 9% exposed)

he. Shale weathers yellowish soft, fair
consoltidation, nonresistent, fiseile, transiticnnl

m uneven w‘.lQQQQGO.li‘l...‘...'.l..ﬁl0000.0. 3'

e
———————————————
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3¢ Coal, black fresh and weathered, impure, vitreous,
Uransitional and uneven contactSisssecscccentssvas OF 17

2, Shalc, black, weathers gray, soft, ucod consoliw ?
davion, noneresistant, {issile, transitionmal and i
uncven upper contact, shurp and cven lower contact,
carbonaceous, lass carbonaceous in lower parteeces 20 97

1. Limestene, light olive gray (5Y6/1), weathers yelw
louish gray, hard, well consoliduted, resistant, ‘,
reefoid, cogquineld, thickebedded, sharp and une ;
cven cuntacis, fenestrate and ramose Leyoszcans, '
very abundant mytiloid and pectineid clams,

Fromytilus, fie?u_‘z;gr\g_?, ¢ link, Nymlins "
SViCULOpGCLEn, PASCICH icﬁéﬁ‘}s&ﬁt p 2

LIYGLoans encrusting BheliSeesescvevossrevesssonse 5v o

Locality FF -
SEi, ME4, Sec, 33 and Wik Sees 3k, Te 17 54y Re 13 E.p Lyon
Countys measwred in ditch on north side of eastewest road in 3ec. 33

end in abandoned qws in Sece 34e Good exposure
4 GUarty : ° . Thicl A |
Feet Inches

Bern Limestone (16" 2" exposed) {
Wakerusa Limestone meaber (1% 5 exposed)

10, Limestene, grayish (10¥R7/k), weathers browne
1eh crange, hard, well consolidated, resistant,
mediwm=bedded, trangsitional and uneven contacts,
crinoid stems, fenestraie and ramose s
brachicpods, horn cerels, trilebites, rave fusu-

iinids in upper part, Qtt%!‘.ooooooonoooofocoo- is oe
Soldier Creck Shale mwaber (13% 99 exposed)

9. Shale, greenish gray, weathers yellowish gray, soft,
y poo;' congolidation, noneresistant, blocky, transie
tional and uncven upper coatact, sharp and {lat
lower contact, ﬂlﬂltw 8iilYsscecsnssnnsnsseccoce 20 3

8. Limestone, yellowish geay (5Y7/2), weathers orange=
0id, coquineid, mediumebedded, sharp and even
contacts, rawose and fenestrate bryogoans, crinoid
stau,‘w mytilodd and pectinoid clams,

JerbyiBecessccesss OF 11W




T
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Lincsbone, yellowlsh gray (5Y7/1), weathers browune
ish yellow, hard, good consolidation, resistent,
thickebedded, gradational and uneven contacts,
very m, abudant Qmosooo.ooqooooooooot'qooo 20 i1v

Limestone, yellowish gray (SY8/1), weathers yellows
ish white, hard, well consolidated, vesistant,
reciold, coquinoid, massive to thiche-bedded, sharp
and even contacts, ramose and feacstrabe bryozcans,
gastropods, rere fusulinlds In lower purt, sbua=
dant mytiloid and pectinoid clomS.eseescsscsnsrece Lt O

Shale,greenish gray, weathers yellowish gray, soft,
feis consolidation, non-resistant, containgthin
(i"=i") beds of sandy micaceous llmestons, sharp
and flat CQﬂt&CtS, erinold stemSeesvscssoosnosess 37 1V

Lincstone, woderate brown (5YR3/L), weathers yeliow-
ish crange, hard, well consolidated, resistant,
one thin bed, sharp and even contucts, bryozoans,
3£{iculugﬁcterg.......,n.,...n...n.-nnnuu.u ot 2v

Shale, yellowish green, weathers gray, soft, fair
conseiidation, nun-resistant, thinesbedded, shaxp
and even conbaels,; cRICWCOUSessosnsvaescsssnssocs OF g

Burlingame Limestone merber (19)

2

Limestonz, grayish orangs (10YR7/L), weathers gray=
ish yeliow, hard, welil conselidated, repistunt, .
one bed, sharp and even contacts, silty, slightly-
stems and saall gastropods, smzll fat fusulinids
in upper part, 2bundant Osagiu especially in low=-

€ PaTleosscresrevnroseoecsoneotnosscsoscrsagevans 1 Qon

Scranton Shale

Silver Lake Shale member (8% exposed)

1.

Shale, yellowish green, weathers yellowish aray,

soft, falr consolidution, non-resistant, thine
bedded, sharp and even contects, calourectSsecececs OV 87

Locality GG

s&.SE*’ Sec, S.To mS.,R.HB.,IWMMln
southeast bank of stream that parallels raflroad. Good exposure,



- Thickness
Feet Inches

Bern Limestone (12 5% exposed)
Walmpusa Lincstone member (1' expoged)

12, Limestone, light olive gray (5Y5/2), weathers yel«
lowish gray, havd, well consolidated, resistant,
acdiwe=bedded, gradationnl and wncven contacts,
crinoid stemg, Lrachiopeds, horn corals, few
fusulinids in ypper pest, plckycclestus,

Cttcnﬁs%&..iobti.D.QO.'OOO...ID.QQ....OQ‘...'..'I‘ iv Qv

e e AT T S

Seldier Creckh Shalc meaber (Bf LY}

il. Shale, m‘bwn, wealhetrs dark brown, soft, fair cone
selidation, aoneresistant, thinebedded, transe
itional and uneven contocis, CalcareOUS.esesecsses 1V 67

10, Limestone, yellowish gray (5Y7/2), weathers yellowe
ish orange, harc, well consolidated, resistant,
subocolitic in upper pari, grades from thinebedded
at bhase to massivg at top, abrypt and sacoth
contacte, grades from very sandy st base to non=
sandy &b top, crincid steus, ramose and fenestrate
bryozoans, rare small fusulinids in upper part,
saall gestropods,; very abundant mybiloid and pece

tingid Gl&MSOOo0oooqotoooooooctoo..oo.coooool‘.‘.. 38 on

9. Shale, gray, weathers yellowish gray,: soft, fair
consolidation, non-resistant, conteins thin
(4"=i") sandy limestone layers, sharp and even
contucts, sandy, silty, calcarsous, micacecus...ss 1V 6*

8. Limsstons, grayish yellow (5Y0/L), wenthers yellowe
ish brawn, hard, well consolidated; weally resise
tant, one thin bed, sharp sad flal contacts, very

cundy}............,,.......oooo.oooooo.ocoOQo...‘o Q¢ 1w

7. Shale av, westhers yellowish gouy, sofl, falr
cm;ogﬁz{im, noneresistant, ceatalas thin (it=
'.'g"_’_). sandy limcstone layess, s5ilty, SulYeecoccncas 1V Gn

Burlingame Limestonc meber (3! 1)
(10¥R8/6) fresh

{gh erange
e Mz:;t:}:é pazg,}"; 11;.: ﬁ.hu °°'“:§“:§§ﬁs;§“"‘“°‘
onc bed, sharp and cven contacts, STUCCTy o eans
saall g;‘grqpod‘, f‘ﬂﬁlﬁrﬂte aﬂg .oaooooo.o..: v 3=
abundact casnl fat fusulinids, DS3gi%

‘nw | 144
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S5« Liuustone, pale yellowish orenge (10VRG/6) fvesh
ond weathered, hard, well consolidated, resise
tant, acdular, abeupt and uncven contacts, crie
nold sueng, shall framments, ramose lryozoans,
ebundent small fab fusullalds, abundant Osagiz,..s 1% 9"

ke Linestone, pale yellowish brown (10YR6/2), weathe
ers yellow, hard, well consolidated, resistant,
enc bed, sharp and evea contacts, brachicpods,
ahundant clang, abundunt aremiceous foraninifera

Zesbyla, Herginifera, Chonetes, Aviculopsctensssse OF 3%

Seranton Shule
Silver Lskc Shale menber (28' exposed)

3. &hale, grecaish gray, weathers gray, seft, good
censolidation, noneresistant, blocky, ghacp
and cven contaclSeesesscssncsnrcrssnsnarssvssenons Lo 6

2. Ccnylomerate, varicolored fragrents in gray matrisx,
wvzathers grayish brown, hard, good censclidationm,
resistant, coarge, angular to subrounded frag<
nente of muistone and limestone, channel £1l-
ling,; medium beds separated by gray shale parte
ings, gradaticnzl and wneven contacts at top
and between beds, lewer contact unconforasble,

slightly cRlcurecuSesssecoscnssssasssnstsconcccsne 12% 0" maxiaum

1. Shale, black and gray, weathers ight gray, m’ V
good conselidetion, neneresistent, thinebeds
ded, sharp and even contacts, carbemaceous, eroded

I“f Chennelessssssscsnsnsnnsssessssscssusssnnensnse 23. 6' maxinum
110 6° minimum

Locality HH
Si.'.g“, 5‘4&1, 3ec, 25, T. 18 So, Re 12 Eey Lyon County; measured in
roadeut on north side of east-west road, Good exposure,

Thickness
Feet Inches

Bern Limestone {11! 7" cipoged)
Walmruse Linestone (30 107 exposed)

 %%4. Linestone, moderate yellowlsh brewn (10WS/L),
weathers dark brown, hard, well consolidated, re-
sistant, mussive, sgarp and even contocts, crie
noid steus, romese bryozeans, small gestropeds,
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horn corals, lavrge fusulinids in upper parteeessees 39 107

Soldier Creck Shale member (31)

8. Shole, grayish green, weathers bhrawm, soft
conéol!dxt.!on, m:ruistant, nedhn-bed:hg:od
csharp and even contacts, slightly calcareouScceses O 79

7e¢ Ceal, black fresh and weathered, lupure, vitreous... 0 1¥

6. Shals, grayish yellow, weathers yellowish browm,
sofl, good conseolidation, neneresistant, blocky,
sharp and even ContackSseescssssssvsrvsnsnnssssses 2F Le

Burlingame Limestone member (k' 9%)

S. Limestens, pale yellowish orange (10YR8/6), weathers
yellow, mediun hard, good conscildation, non~vesis-
tant, masslive, gradational and uneven contacts, ime
pure; "punky®, crinoid stems, abundant small fab
fusulinids, M_.'OOO0.00'..'0..0!."00.0.1"IQOI 1¢ &%

Lo Limcstenc, grayish erange (10YRT/h), weathers light
brown, hard, well consolidated, resistant; oolitic,
one bed; gradabtional and uneven wpper contact,
sharp and cven lower contact, brachiopoeds, clams,
ranose bryosoans, suall gestropeds, abundant fat
iusulinida, very abundant m' M—a.aoooo o on

3. Limestons, moderate yellowish brown (10YRS/h), weathe
ers yellowish breun, hard, well censolidated, resise
tant, massive, sharp and even ypper contact, gradae
ticnal and uneven lower contact, crincid stems,
horn corals, brachiopeds, fenssirate and ramose
bryescans, swall fat fusulinids, abundant Osagia,

w W‘.unaootonoaooco-oocooao 2y 2n

2, Limestons, grayish orange (10YR7/k), weathers yele
iow, medium hard, goed consolidation, weakly
resistant, nodulag, transitional and uneven con=
tacts, brachicpods, vamose bryozoans, abundant
Osylluonoco-"uuuuu-unuonuou-couooc ot Lo

Scranton Shale

Silver Lake Shale member (6" exposed)

1, Shale, yellow, weathers yellowish brown, soft, good
censolidution, nenwesisbant, thinebedded, Lrunse

itional and uneven contacts, very calcarcoUSescees O 6W

= b ———

PP —
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Locality 1T

&1, 5B, Secs 9, T 19 Suy Ry 12 Eoy Lyon County; measured
along north facing vall in east part of abandened quarry. Good

exXposue.

Thickness

Feet Inches
Auburn Shale (1% cxposed)

10, Shzle, gray, weathers yellowish gray, seft, good
censolldation, noneresistant, thinebedded, sharp
and uneven cmtﬂooo-oo.o.&qooocono.oo-'o-'onooc 1 g

! Bern Limestone (8% 7v)
' Walsrusa Linegtone member (20 74%)

9. Limestane, grayish crange (10WR7/L), weathers hrowne
ish orange, havrd, well consolidated, resistant,
ene bed, gharp and uneven contects, brachiopeds
raoge bryozoans, suall gastropods, abundant cti-

nofd steas, Osagiz, Ottonssin, Dic
CU&EOSI”.’WQ PosePeERdossaosenbonotosesacoe UV én

8. Shalz, grey, weathers yellowish brewn, soft, geod
consolidation, non-resistant, déed,
sharp and uneven contacts, calearcous, horn
cerals, brachiopods, crinoid steus, Neosplirifer,
DZZ‘P‘{‘?_-, Cmolcooooo-oo-o-ooco.cooonnoooono Qs b'

7. Linestone, 1ight olive gray (5Y6/1), weathers
crange=-hrown, hard, well conselidated, resistant,
danse, one bed, sharp and uneven contacts, rancse

: bryozoans, abundant crinoid stenS..esecescevssvace OF e

6. Shala, yellowish weathers yellowish brown, soft,
gco& cmol!daem'nmumn nediun<bedded,
sharp and uneven contacts, CalearcOuBesessessccses OF 140

5. Limestone, light olive gray (5Y6/1), weathers yellowe
ich bro:n, g:d well consolidated, mhtu{:
dense, one massive bed, and uneven contacts,
erinold stems, brachiopods, hern cerals, rare fue
sulinids n lover past, Dictyoolostys, Camposita,

0!2“1!. wc.u-ouo;n-ciovooocv.-o-.ﬁoo-oo 16 h.
Soldier Creek Shale member (2! 5in)

Yo :Shale, grades frem 11 at base to dark
nt"iap, weathers ycm", saft, good

i o d e o R lhe Al v v

R

gay
o=

PR ———
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golidation, nonwresistant, thin-bedded, sharp

and uneven upper contact; gradaticnal and uneven

lower contact, upper part slightly calcareous,

clamg in UPPCT® PATVessssvecsvessessesesnsssvvasese 2V 5&'

Burlingaue Limestone member (3¢ 6¢)

3¢ Limestone, white (H9), weathers yellew, bard, well
consolidated, resistant, massive, dense, transite
fonal and uncven contacts, glaucenite, crinoid
stens,; brachiopads, ramese bryozoens, small
trepods, abundant ganll fat fusulinids in upper
]'Z'I!‘t, Osagia, EntcletCSaaooocooooi-.o.ooog.-oacoun 1t 3w

2. Limestone, white (N9), weathers yellow, hard, well
consolidated, resistant, massive dense, transite
fonnl and uneven wupper contact, sharp and even
lower contact, lower part silty, erinoid stems,=
bhrachiopods, fenegtrete and ramese bryozZoans,
trilcbites, small gastropods, rare small fat
fusulinids in n!ddlc, m‘tm---tooooooooo 2t 3u

Seranton Shale
Silver Lake Shale meaber (2' exposed)
1, Shole, graylish green, weathers yellowish gray, seft,

nood consolidation, noneregistant, thin-bedded,
shorn and even contacts, silty, brachiopodSeesseces 27 OF

Loenlity JJ
SER, SE:, Sec, 33, Tu 19 S, Re 12 E., Lyon County; measured in

diteh side of wast-west read. Fair exposure
roadeut and di on north Th;
Feet Inches

Bern Linestons (7' 74" exposed)
Waknrusa 1Imestone member (1Y L@ exposed)

+ Limestone, dark yellowish crange (1-YR6/6), weathers
! orange,’wd, Qu sonsolidated mm-'&, thicke
bedded, and uneven m‘-, crinoid stems,
fenestrate and ranese hryozoens, brachidpoeds,

Ottm Ce000CCOPVPLIROGRDOOCRVOOROROUGOGDUSEOCROOR 1' h.
Seldier Creek Shale member (L9 v)
6. Shale, dark brawmish gray, weathers ycllowish brown,




I—— -

BNEw -

L L L L L

A

soft, geod consolidation, nonwresistant, mediiwse
bedded, sharp and uneven contacts, calcareous,.... OV &*

Ss Coal, balck fresh and weathered, impure lignitic
transitional and uneven conta;ts,....:....,....:.. ot 4

ke Shule, grades frem Llight gray at base to durk gray
zt top, weathers yellowish brown, soft, good cone
sclidution, noneresistent, mediwmebedded, transe
fiticral and uneven 20ntaotSeecscessncersscosssnves 3 &7

Burlingane Limestone meaber (2' 3%)

3. Lincstons, yellowish gray (5Y8/1), weathers yellowe
fsh gray, hard, well censclidated, resistant, cne
bed, transitional and uneven contacts, crineid
stems, brachiopods, fenestrate and ramose brye
ozoans, sbundant small fat fusulinids, OsagiBiveess 10 OF

2, Limestone, grayish crange (10YR7/L), weathers
brounish orange, hard, well consolidated, resis-
tant, thick-bedded, transitional and uneven cone
tacts, crinoid stems, ramose and fencstrate bry=-
czoans, brachiopeds, abundant Qﬂuaoo.oocoonooon L L

Scranton Shale
Silver Laiic Shale member (2'+ exposged)
1, Shale, yellow, wemthers ysllowish breun, soft, geod
consolidation, non-resistant, mediuwsebedded, trans-

ftional and uneven contacts, very calcareous,
hrachiopodSecsesscesssesenssccsscoscorcecnssscesne ar gn

Leocality KX
St, Sec. 10, Te 21 S.y Re 12 £,, Lyon County} measured in ditch
on south side of cast-west road east of small stream. Good exposure.
Thickness
Feet Inches
Bern Limestone (12' 7" exposed)
Valarusa Linestone member (2! 8" exposed)
10, Limestons, yellewish gray (5Y7/2), weathers brownish
yellow, hard, well consolldated, resistant, thicke

bedded, transitional and uneven contacts, abundant
crinoid steas, brachiopods, abundant Ottonogi@se.. 1' OF
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9. Linecstenc, dark yellowish crange (10YRG/6), weathe
¢rs brounish yellow, hard, well consolidated,
resistant, thichebedded, gradational and undue
lating contasts, srlaoid steas, brachiepeds, brye-
czoans, sasll gastropeds, snall fusulinidS.c.essee 10 89

Soldier Creck Shale member (50 80)

8. Shale, greeaish gray, weathers gray, soft, good
congelidation, noa~realstant, thin<bedded, transe
itional and uneven contacts, calearcoUSiesesescess 29 37

7o Cozl, black fresh and weathered, impure, mixed with
clay, transitional and uneven contactSecsessecceses OF 37

6. Shale, yellowish broun and bluish gray, alteraating,
weathers yellowish gray, soft, geod consolidztion,
noneresistant, thiansbedded, transiticmal and uneven
centacts, upper part carbonacecus, lowsy purt gale

COALCOUG. o0 o0r00000006000006e0000s00000800a080000008 OF 8&'
Burlingame Liuestone member (Lt 3%)

%e Limcstone, pale yellowish crange (10YRB/6), westhers
yvellow, haed, well conscliduted, resistant, one
bed, transitional and uneven contacts, crinoid
steas, fenestrate and ramose bryezcans, brache

iopods, clams, abundent emali fat fusulinids,

Osac;in...................u...-.-u..nu......... ot 11@
2= 2

be Shale, gray, weathers yellow, soft, good consoli-
dation, non-resistant, thinebedded, transitionml
und uneven contacts, calcareous, brachiopodS.ssess OV 29

3, Limestone, pale yeilowish orange (10YRB/6), weathe
ers yuilow, hard, well consolidated, resistent,
one Led, gradational and undulating contacts,
crinoid stems, suall gastropods, femastratc and
and ramose bryezouns, brachiopods, clams, abune
dant swall fat fusulinids, O'ﬁﬂEcooo-ounnoo-vo-oo 18 3w

2. Limestene, pale yellowish orange (10YRE/6), weathe
ers yellow, medium bard, good consolidatiom; .
weakly resistant, thinebedded, transitional and
uneven contacts, slightly argillaceous, ¢rinoid
stems, brachiocpods, clams, ramoss brycscans, rare
small fat fusulinids especially in upper part,
abundant o’lﬂhe-oto-oo-oolooc.o-o-ooooo-ov-o-.-o- 1¢ 11w




176

Scmt'm Sh'rll 4
Stlver Lakz Shale member (3™ expoged)

lo Shuls, hrownish yellew, weathers yellow, soft, sood
congelidation, noneresistant, thinebedded, trang.
itional and wwven contacta, calcareous,

T -
.);.&Chiflpoda!UOQQOQiloooocqtcoio..ccvo’ottoo0000000 Q’ 3"

Locality L1
Iil.;‘],;‘, Sec, 31’ T, 21 S', Re 12 Eo, Lym cmty; r’s"lﬂ'&“!d 111

roedeut on both sides of nerthegouth rond., Falr expasure,

Thickness
Feut Inches

Avburn Shale (it+ exposed)

8, Shale, gray, weathers yellowish gray, soft, goed
vonsollidation, non=resistant, thin<bedded, sharp

::.1:" ’\VL:”‘ CmtaCtSQCOOQ.II'O.OI......D‘l‘..".l.'.. 1’ w
Bern Limestone (10Y 9%")
Wakarusa Limestone member (5v 6%)

7« Lirestone, light olive gray (5Y6/1), weathers browns
ish yellow, hard, well consolidated, reasistant,
thickehedded, sharp and even wpper contact,; trange
ftior2l and uneven lower contact, erinoid stems,
hrachiopeds, fenestrate bryezesns, horn corsls
enorusted with Ottonosia, fusulinids ebundont In
upper part and rare in lower part and abgent in
niddle part, clams and ia in middle pard,
smmll gastrepeds in lower part, Corposito.iesecess 5¢ S®

Soldier Creek Shale member (3¢ 3in)

6., 3Shnlc, graylsh hrown, wenthers yellewish brown, soft,
-y fair consolidntion, non-rusistant, gradatlonsl
gnd uneven contnets, CAlCArcOUS.csscvcssressnscnne OF gw

S« Conl, black fresh and weathered, lignitic, trans-
~ itiennl and uneven contactSicseencersesosnasccorse OF 1*'

e Shaie, brownish gray, westhers yellowish beoun, soft,
fair consolidntion, noneresistont, blocky, trense
itional and uncven upper contact, sharp and smoobh
lover Ml CaleareoUS.aesesasnsnssvassencsssae 2V 6n
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Burlingame Limestone member (2¢)

3. Lincstone, mederate yellewish hrom (10WR5/), weathe
vrs yellowigh gray, herd; well congolidated, resise
wnt, thickebedded; sharp and even wpper contact,
ransitionnl aad waeven lower gontact, crineid
g, brechiepeds, ramose brirozouns, sbundant
sundd fat fusulindds especially in wper part,
anundant Ogagin espeefally in lewer part,
T?GOSP}I‘!:{E‘I} 2’!6‘%..2061051’.&18...................u... 2% on

Seranton Shalc

A
e~

oy o o

S{lver Lale Shalc member (8! 10" exposed)
2e Shaic, vellowish brown, weathers yellow, soft,

Soir conselidation, none-resistant, poorly-bodded,

cransitional and uneven contacts, calcaréous,,seee 3¢ 3%

1. Shulc, grayish green, weathers gray, soft, good
congolidation, nonerssistant, bSlocky, transitione
11 2nd uneven contacts, c2leareoUSsessscsssescsass 58 TV

P i S T

=
s Nl
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AFPIIDIX B
PERCENT CHART OF THE INSOLUBLE RESIDUES CF THE DERN LIMESTONE

Burlingame Linmcstone « lolluscan Deds

Grams  Percent Grerg

le Tetal Coarse Fine
%&6 Hesidue on @Em

. A2 2,58  12.8% 0.7  18.h% 2,11  B1.6%
" Ja2 1,33 6.6% 0,18  13.5% 1,15 86,58
Ke3a Al 6,78 0.6 3h.28 0,88  €5.8%
K=3b ,9%  9.7% 0.13  6.6% 1.8 - 93.2%

G-l 3L 15,78 1,00 31.8% 2.1 68,28

Burlingame Limcstonc « Osagite Beds

1le Total : Coarse Fine
B S, SR 2
‘ Le3a 3.99  19.9% 0.10  2.5% 3.89  97.5%
N g Ll B 013 11 101 88.6%
P=3a 3,16 17.3% 0.13 3.7% 3.33 96.3%
X2 Lh3 78 019 13.3¢ L2l 86,78
i ooz 179 9.08 0,20  11.2% 1.59 88,88

Burlingame Limestone - Fusulinid Bed:

= ":“"'Fe"r«at mﬁn« m-ﬁ’

2,k0 12,08 2.32  96,1%
Ve10m 2.16  10.8% 0.06 2.8% 2,10 97.2%
GG-6 2,06 10,38 0,05 2,48 2.01  97.6%
I1.3b 1.0 7.0% 0,05 3.8 1,35  96.h%

2,99 k9% 0,13  L.3% 2.86 95,78




Burlingane Limestone = Brecclated Linestone Beds

%g Total

£ Resldue

Wes—— Grans
A=yt 0.73 3.7%
He2h 0.17 0.9%
Keba 0.53 2.7%

c
DR
0,01 LM%
0.00  5.9%
0,00  1.9%

Soldier Creck Shale « Shaunee County Bicherms

% Total
Ep— Grams  Percent
0=5b 3.51 17.6%
Rel3d 0.30 1.58%
Sehf 0.25 1,3%
U=3a 1.37 6.0%
Vel3e 0,39 1.95%

Coarse

e et
3.05 85.8%
0.02 6.7%
0,01 0%
0.91  66.5%
0,02 5.1%

Soldier Creck Shale - Lyon Counly Blohern:

W Grams  Percent
EEwl 0.29 1.5%
FF=6b 0.32 1.6%
FRu72 8.31  Li.68
GG=10b 6.92  3L.6%
GG=10¢ 0.69  3.48

srectien

Grams  rercent
0.16  55.2%
0.07  30.0%
7,43  89.1%
6.03 67.28
0.3k h9.38

179
Tl
uem"""li%caa
0.72  98.6%
0.16  9h.1%
0.52 98,18
’ 2
S,
0.6  1h.28
0.28 93.3%
0.2h  96.0%
0.46  33.5%
0.37  9h.9%
F
B
0013  Lh.GS
0.25  70.0%
0.80  10.6%
0.89 12.8%
0.35 50.7%
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Wakarusa Limestone « Lower Fusulinid Bed:
I Y
cr S (=4 & F .
A= 2.60 13,08 0.07 2.7% 2.53 97.3%
L-IO 1.86 9.3% 0009 h.Bﬂ lon 950”
LL"?G. 0-63 30% 0.0’! 60“’ 0-59 9306‘
Wakaruga Limestone « Encrinal Limestone Bed:
%_l_g Total Cnu;g fine
TR resiaue Fraction Fraction
Crams  Percent Grans Grans  Percent
Bl 1.99 2:9% 0.38 19.1%8 1.61 80.9%
LE=T 4.16  20,8% 0.13 3.18 ho03  96.9%
Wakarusa Limegtone -« Upper Fusulinid Bed:
PR gE AR B
Hesidue on
' Grams  Percent Grans ent
i A=124 1,67 S.l% 0.02 1.2% 1.65 96.8%
% Le13b 1,63  8.2% 0,04  2.5% 1,59  97.5%
BB=7 1,63 9.1% 0.05 2.7% 1.78 97.38
i
‘ EE=9b 1,22 6.1% 0.06 9% 1,16 95,18
LL-?e 1;78 8.” 0075 lt2.2’ 1.03 57 08’
# « Notes All samples weighed 20 grams before digestion in acid,
The mumbering systen for the samples is as follows:
The capital letter (A) refers to the localitys the number (1)
refers to the unit; the small letter (a) when used, refers to
- the sample within the unit., The letter "a" would be from the
3 Mdt&ﬂt,ﬁ"frﬂ&mh‘,ﬁh




161

APPENDIX C
CONSTITUEHTS OF THE COARSE PRACTION OF THE INSOLUBLE RESIDUES |
OF THE BERN LIESTORE

Burlingame Linestone - Molluscan Bed:

A2 70% eclay and silt aggregate
25% arvenmceous foraminifera and fraguents
5% subrounded to subangular quartz sand

Ju2 50% arvenaceous foraminifera and fraguents
30% subrounded to rounded quartz sand
15% pyrite agoregate
5% npuscovite

R=322 505 clay and silt aggregate
25% subrounded to subangular quartz
207 uarenuccous foraminifera and fraguents
3% muscovite
1% carbonnceous material

1% gypsua

Km3b 30% clay and silt gate |
307 arenaceous foz-fnltm and fragments
3078 rounded to subangular quartz sand
108 muscovite ‘

GG=l 50% arenaceous foraminifera and fragments
30% ¢lay and silt agmreshte
15% * subangular to rounded quartz sand
58 auscovite

Burlingame Lincstone = Csagite Bed:

Le3a- 808 arenaceous feraminifera and fragments
158 pyrite sggregate
5% ecarbonaceous
NHe3 70% arenacecus foraminifera and fragments

30% eclay and silt aggregate

P=3a 70% urenaceous forsminifera and fragments
10% clay and silt
10% pyrite aggregate and foraainifera replacements
5% muscovite
5% carbonaceous material
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X2 90% arenaceous fovaninifera and fragents
108 pyrite, large amorphous nagses

CCw2c ggg :u!g mlg aggregate
Tounded
o » quartz sand
3% carbonaceous material
2% chert, irregular fraguents

Burlingame Limestone « Fusulinid Bedd

| Nelibs 60% ~elay and §11t agoregate
! 354 avenscvous foraninifern and fraguents
g 57 pyrite, very small cubes

: V=102 60% clay and silt aggregate

i 25% arenaccous foraninifera and fragments
: 105 carbonaceous materinl

f 5% gypsus, massive

! GG=6 705 ecley and silt gate

: 25% urenaceous { era and fragments
| 5% subangular quartz sand

.

IIe3b 70% arenaccous feraminifera and fragments
30% pyrite aggregate

LL=3b 55% eclay and silt
LO% M :m and fragments
5% carbonaccous material

Burlingame Limestone « Brecciated Limestone Bed:

Amhif 90% clay and silt aggregate
5% gqypsum, massive
5% carbonaceous material

Hal2b 85% cluy and pilt
108 wurenaceous £ and {ragments
5% carbonacecous material

Keba, 708 clay end silt
20% and fragaents

arenaceocus
10% carbonaceous material
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Soldicr Creck Shale « Shawnee County Bicheinit

O=5b 807%
108

5

3%

24

Re13d 5%
30%

10%

5%

3%

2%

Seke 70%
5%

23

2

af
v

U=3a 85%
5%
L%
3%
3%

Vel3e 50%

subangular to angulayr quartz sand
nuscovite

chert, irregular fragments
arenaceous foraminifera and fragments
pyrite, irregular masses

subangular to angular qwt;s sand
clay and silt aggregate
nuscovite

tourmaline, cuhedral crystals, slightly rounded
carbonacecus material
gypsun, nagsive

clay and silt aggregate
subangular to anguler quartz sand
nuscovite

gypsum

carbonaceous materiol

subnagular to angular quarts sand
muscovite

tourmaline, euhedral ¢rystals, slightly rounded
grenaceous foraninifera and fragments
carbonaceous naterial

subangular to angular quartz sand
clay end silt aggregate
arenaccous foraminifera {ragments
muscovite

carbenaceous material

Soldier Creeck Shale « Lyon County Biocherms

EE-1 55%

FI'=6b 5%

subangular to subrounded quartz sand
arenaceous foraninifera and fragments
nuscovite :
chert, lrregular fragments

Ml“ to rounded quartz sand
M foraninifera and fragnents
nuscovite

chert, Irregular fragments

gypsun, massive




12h

FF=Ta @5% subangular to angular quartz sand
5% arenaceous foraminifera and fraguents
% nuscovite

% chert, irregular fragnents

GG=10b 90% subangular to angﬁhr quartz sand
5% muscovite

% chert, irregular fragnents

GG=10c 60% subangular to rounded quartz sand
204 arenaceous foraminifers and fragments
107 elay and silt aggregate
% muscovite
3% ¢hert, frreguler fragments
2% tourmaline, slightly reunded cuhedral crystals

WValmrusa Limestone = Lower Fusulinid Bed:

A=8 50% clay and silt aggregate
0% arenaceous foraninifera and fragments
5% angular quartz sand
5% carbonaceous material

L=10 40% clay and silt aggregate
L0% arenaceous foraminifera and ‘
207 silicasreplaced fusulinids and shell fragments |

LL-Ta 70% clay and siit aggregate
157 arenaccous foraminifera and fragments
107 muscovite

5% subangular quartz sond

Wakarusa Limestone = Enerinal Limestone Beds

OBl 704 arenacecus foraninifera and fragments
30% clay and silt aggregate
EE«T 55% clay and silt aggregate

40% arenacecous foraninifera and fragaents
5% carbenaccous material




Wemrusa Linestone = Upper Fusulinid Beds

107
L%
3%
3%

Le13b 80%

108
5%
5%

RBa? 8o%
150
33

2%

i 208
l 10%

LLe7e 703
F 15%

10%
| 5%

clay and silt aggregate
nusgovite
carbonaceous material

snenacecus foraminifera and fraguents

gypsun, magssive

clay and silt aggregate

nuscovite

arenaceous foraminifera and fragments
aypsun, selinite

clay and silt aggregate

arenaceous foraninifera and fragments
subrounded quartz sand

carbonaccous material

clay and silt aggregate
arenaccous foraninifera and fragments
carbonaceous material

cloy and silt aggregate
areanceous forominifera and fragnents

carbonaceous material
subangular quartz sand

185




	59-7 part 1
	59- pt 2
	59- pt 3



