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ABSTRACT

The "Lagonda interval® (besmoinesian) principally consists of
interstratified shales and sandstones with minor thin limestones and
- coals. Clay mineralogy, sediment-size analysis, and microfossii
distribution were examined in 8 outcrop sections. Clay mineralogy was
studied in selected samples from six subsurface cores west of the cutcrop
belt. The.litholoéies exposed in these sections can be divided into three
recognizable facies of deltaic deposition: 1) a prodeltaic mud facies
characterized by high total'mud percentages, high illite cystallinity
v;lues, low kaolinite percentages, and low mixed layer clay pergentages
withisome carbonate beds and marine fossil fragments; 2) a deltaic
>progradation facies characterized by gradual upward decrease.in total mud
percentages, illite crystallinity, and abundance of marine fossils, and
gradual upward increase in mixed-layer clay percentages and kaolinite
percentages; and 3) a shoreline-coastal facies characterized by low total
ﬁud%percentages, ﬁigh kaolinite percentages, high mixed layer clay
percentages, coals and fluvial sandstones.

Mudrocks in the "Lagonda interval" represent deltaic lobes which
~ prograded westward into the Cherokee and Forest City basins during
stillstands of sea level, and during regressive phases of cyciic
sedimentation. Intermittant minor transgressions of the Pennsylvanian sea
’”shifted shorelines east of the study area. Lagonda sedimentgtion then

progressed through anothér series of deltaic progradation and regression.
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INTRODUCTION

The Middle Pennsyi;anian in kansas comprises alternating
units of limestones and shales with lenfiéular séandstones. The
Cherokee Groub constituteé the lower part of the Desmoinesian Series,
and principally consists of interstrétified shales and sandstqnes
with minor thih limestones and coals, which taken together ar; common
as part of a regressive sequence of Pennsylvanian cyclic
sedimentation.

This study‘ccncentrates upon the mudrocks in the upper portion
of;the Cherokee Group, called the lLagonda Formation by Howe (1956);
This interval used herein extends fromtthe.top of the Verdigris
Limestone Member (defined by Smith, 1914; fide Woodruff and Cooper,
isso; dgscribed by Clayton, 1965) upward to f.he Breezy Hill Limestone
Member (Pierce and Courtier, 1937; Howe, 1956) where the latter4is |
_present. Where the Breezy Hill is not present,‘the upper boundary of
this intervél is the base of the Excello Shale (Figure 1).

Preliminary outcrop and subsurface éﬁalysis of this formation
indica;es that the Breezy Hill Limestone in Crawford County is not
cohtinnéus outside the type area, and the Verdigris Limestone is
often too thin to be detected by éeophysical well logs (R. L.
Brenner, personnel communication, 1981){ For these reaéons, an

. informal term, the "Lagonda interval" is used to designate the

Stratig:aphic column from a black shale below the Verdigris Limestone



Pigure 1: Stratigraphic column of Cherokee groﬁp.,_ (Modified from
Zeller, 1968). : '
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Figure 2: Limits of Lagonda interval in this study. Note
inconsistent nature of Breezy Hill Limestcocne. No vertical
scale.
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to the Excello Shale (éigure 2). The scope éf this study includes
ail.of the ngonda interval above,fhe Verdigris Limestone.

The Qedgraphic scope q{ thié study inéihdes outcrbﬁs in Bates
and Vernon Counties, Miésoéii, Cgawford/and Labette Counties, Kansas(
,and Craig Coﬁnty, Oklahoma (Figure 3f. In ﬁddition, well log /
information‘and'core samples from Allen and Anderson Counties,

Kansas, were used to study the section in the subsurface (Figure 3)-.

4

Purpose of Study

The prinCiple objectives of tﬁisbresearch are to: 1) determine
vertical and lateral trénds in the clay mineralogy, lithology, and
p@leontology of the mudrocks of the Lagonda interval; and 2)
interpret the depositional environments represente@ by the mudrocks
in the;Lagohda interval. The combination of these two objectives,
when considéred within a time-stratigraphic framework, sheds light
upon‘tﬁe potential siliciclastic source areas and the diagenetic
histo¥y of these rocks. This information, when coupled with the
depositional and diagenetic histories of the‘sandstones of the
Lagonda interval (e.g. P. N._Reinholtz thesis, in preparation, Univ.
-of Iowa), can be used to formulate predictive depositional models for

the entire Lagonda.

Previous Work

Regional stratigraphy and petroleum geology of the Forest City
and Cherokee basins (Figure 4) have been studied by Weller (1930,
1958), Moore (1931, 1964), Lee (1943), Searight et al. (1953),

Weirich (1953), Anderson and Wells (1968), and van Dyke (1975).




Figure 3: Desmoinesian outcrop and core localities. (°) indicate
sample localities. Lagonda exposures crop out within a NE-SW
trending belt. Core samples were cbtained from wells in Allen
and Anderson Counties, Kansas.






“Figure 4:- ‘Structural. provmces of the southern mid-continent. Study
area (from Figure 3).includes Cherckee’ Platform (on figure) and
south end of Forest CJ.ty basin.
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Fcrmal stratigraphy of Middle Pennsylvanian rocks in thev
mid-continent area has been established by Condra (1949), Moore et
al. (1951), Howe (1956), Howe and Koenig (1961),‘a5d Zeller (1968).
Geélogy of the Cherokee Group in southeastern Kansas has beeﬁ'studied
by Abernathy (1937), Howe (1956), and Ebanks and James (1975).

Two studies were completed on stratigraphic sections used in
this study. Gentile (1976) described the NE Foster section in Bates
County,»nissoﬁri, and the shaliést poition of tﬁat section was

'samples for this study. Jungmann (1964) described the Neosho River
Park section at Oswego, Kansas, and the entire exppsure was sampled
bfor'this study. Detailed work on Cherckee sediments has been

rest:icted,jin most cases, to the sandstones; limestones, and coals

in the group.

Stratigraphy of the Cherokee Group
The Cherokee Groué shales were first described by Haworth and
' xirk (1894), and were given formational rank inJIowa by Keyes_in<1896
(Searight, 1955). Oakes (1953) divided outcropping Cherckee rocks in
eastern Oklahoma into the Kreﬁs and Cabaniss Groups. Howe (1956)
recognized 18 formations within the Cherokee Group in southeastetn
Kansas, assigning_ the lower 6 fdrmatibns to the Krebs Subgroup, and
thevxémaiﬁing 12 to the Cabaniss Subgroup. vThe Cherokee Group in
vxansas is presently divided into the Krebs and Cabaniss Formations
(Zeller,’1968). The boundary beﬁweenﬁthese formations is formally

situated at the top of the Seville Limestone Member (Figure 1).
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Regional Structure and Paleogeography

In:wesfe:n Missouri, southeasternlkaﬁégs, and northeastern
Oklahoma, rocks of the Cherokeé Group were deposited on:the Cherockee
Platférm, a shelf-like extension of the Arkoma Basin of Cklahoma L
(Figure 4). The Ozark Uplift forms the eastern boundary of the basin
and the Nemaha Uplift forms the western boundary. The Cherckee Basin
was séﬁaréted frdm the Forest City Basin during the early |
Pennsylvanian by low-relief paleotoﬁog:aphic fgature known as the‘
Bourbon Arch (figure 4; Merriam, 1963). -

Inspection of well log traverses extending across both the
Cherokee and Foresi City basins (Figure $) reveals that both basiné
had essentially beeh filled up by the timé Lagonda sediments were
being deposited. ‘The thrbonbArch likewise had been covered prior to
Lagonda deposition. As a result, the Bonrbon Arch’is not considered
a depositional barrier ig the context of this study.

‘Eigures 6 and 7 are isopach and.sand isolith maps of the Lagonda .
interval in southeastern Kansas. The isopach map reveals three
thicker areas of accumulation. The sand isolith map reveals
increased sand thicknesses which tend to coincide with these thicker
seéuéhces. This relétionship suggests that these accumulations |
repfesent locatidns connected with source areas. Anderson and Wells
(1968) reported that movements alohg the Nemaha Uplift may have begun
as early as the late Early‘Ordovician, but it was definitely active
between the Earlerississippianfthrough at least the Early Permian.

This evidence indicates that the Nemaha Uplift is a viable clastic
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Figure S5: Well-log traverse across eastern Kansas from north to
south. Thicknesses obtained from well-log information. Note
fluctuations in thickness of lower Cherokee group sediments.
Also note that Lagonda sediments are uniform in thickness even .
across Bourbon Arch (From R. L. Brenner, unpublished work,
1982). : :
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thicker areas of accumulation extending east from Nemaha Uplift
- and west, presumably from Ozark Dome area. Numbers along map
‘border represent south townships and east ranges. Contour
interval 10 feet. Dots (+) indicate well data points.
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Figure 6: Isopach map of Lagonda interval in southeast Kansas. Note -
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Figure 7: Sand isolith map of Lagonda interval in southeast Kansas.
Thick areas of sand accumulation tend to coincide with thick
- areas of entire interval in Figure 6 (from R. L. Brenner,
“unpublished work, 1982).. Contour interval 20 feet. Dots (*)
“indicate well data points. 3
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soufte during the Pennsylvanian, and explains the thicker sand

- “accumulations near it.

Figure 8 illustrates Pennsylvanian paleogeography of North

America (modified after Heckel, 1977, Figure 6). The Cherokee Basin

‘and Forest'city Basin are situated about 6 to.7 degrees north .of the
. ;palecequator. Dﬁting Desmoinesian time period when the Laéonda

 inte%ya1 was deposited, much of the Mid-Continent was intermittanily

‘inundated, and marine cohditions alternated with deltaic agvance§

" (Moore, 1979). These deltaic advances prograded‘southwestwardfau:ing

regressive periods (Merriam, 1963, and Visher et al., 1971), exposing -

large areas of swampy coastal area. Greater inundations during

-subsequent transgressions became episcdes of carbonate deposition.



Figure 8: Pennsylvanian paleogeography of North America. Study area
highlighted with stippled pattern (modified from Heckel, 1977,
{(Figure 6). :
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'STUDY METHODS AND TOOLS

Sample Collection
Eight oufcrops and cores from six wells, which includes all or

parts of the Lagonda interval, were measured, sampled, and described

22

(Figuré'3). Sampling procedure involved collecting shale samples at -

an interval whiéh rangedzbetween 1.0 and. 1.5 m (depeﬁdinq upon
.acce#ﬁiﬁility) throughout each section. In addifion, samples were
collected upon encountering any major lithologic variations.
Ninety-four unweathered outcrop samples and twenty-four core
‘gamplés wgre’used'in-determining the'clay minera;s'présent.« Closely
,Spaced, rggular sampling interﬁals provided detailed sample suite#
from whié#iVariations in the clay mineralogy were demonstrated. |
Seventydfou; outcrop samples were used for seéiment analysis,
~which illustrated variations in grain size and microfossils’
- throughout each section. Carbonate samples were ﬁhin-sectioned and
analyzed for major skeletgl and non-skeletal grain types. The
( sahdstpnes within the Légohda are undgréoing.petrographic analysis in
*sepa#;te studies (e.g., P. N. Reinholtz, MS thesis in preéparation,

Univ. of Iowai.

Shale Processing

The laporétory procedure for Sample breakdown was limited to

shales and silty shales. Five hundred grams of each air-dried sample
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were placed in a container.: (Due to the siltiness of most‘shales.'

larger samples, would have provided an unmanagablé‘supply of

residue.) The‘samples were covered by Stoddard's solvent for .
'approkimately 24 hd;rs, after which the»Stodﬂard's solvent was
decanted off and immediateﬁy-replaced7with water. This procedure

disaggregaﬁed the shales during’immersion,in the water for another 24

“hour period befo:e further processing. For certain siltier samples,

the above procedure had to be repeated in order to ensure more

4comp1ete disaggregation.

The resulting slurry was then sieved through a series of three

screens, a #18 (lmm) screen, a #120 (0.125 mm) screen, and a #230

(62.5 microns) screen. These residues were oven-dried, packaged, and

weighed.

G.'Each #120 residue was divided into two-thirds/one-third portians‘
using a éample splitter, 'in order to reducé4the amount of residue to
a reasonable, yet unbiased quantity. The amount of residue picked.
for each sample ranged between 5 and 30 grams, éepending upon the
amount of original sample present. The residue wés examined under #
binocular microscope at 20x magnification,land microfossils were
picked and identified as precisely as possible.

Sediment size data were obtained at the time the weighing.of\the

samples took place. Wentworfh's scale defines anything smaller than

63 microns to be the mud (silt and clay) fraction . As a result, the

difference between the original sample weight and the total amount of

residue after washing became the totalﬂmud;percentage of each sample.
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This value”;epresents the portion of the'enti:e sample that was

. smaller than 63 microns.

" A small error was introduced in scme of the coarser samples.
Stéddard'slsolvent was ineffective in breaking extremely siity
sahples;apan;,'evén after several washings. Thus, a large pottionv

remained as'large rock fragments in the lmm sieve. X-ray diffraction

‘démonstrated that these ftagmehts wefe composed of quartz, feldspars,

and clays. Petrographic analyses of‘thesé fragments reveal%d

-8ilt-gized quartz and feldspar grains with a maximum of 3-5% clay

~

diSpgrsed between these grains. Thetefore, the clay percentages
gécérded could be as much as 5% low in the siltier samples. Rhthe?
th;n use absolute values for the percentage of silt patticies
pieséﬁt, a ratio of the pe?centaées seems more éccurate when
consi&éring'the randomness of particles which broke down during
proéessing. |

This "problem?*éctually aided the stratigraphic analys;s.begause
m&hy-of these very‘$ilty shales were, in actuality, silt stringers
sﬁrrounded by more'CIayQIich laminations, a relatipnship not noticed‘ 5

during the collection and description of the sections.

Clay Mineralogy Sample Preparation
%he laboratory procedure for clay prep#?gtion7included the
proceésing of clay-rich shales, caicareous shéles, norﬁal shales,
silty shales, and aréillaceous sandstones. The air-dried samples
were gently tamped with a mortar and pestle in order to reduce the

rock material into its component parts without straining clay‘cfystal
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;@ttiéés. This powdér was then dry-sieved through a 63 micron

"scregp, Mﬁtgrial‘which'fell thtough the sieve was thus the mud-sized

fraction of the sample.
C;xbodate mate:ia1 effective1y dilutes the amount of clay
miﬁerals preSent} fedﬂcing the x-rqy intensitiés'of the'ciay. In

order ﬁo obtain reprodﬁcible data from calcareous Samples, it was

.necessary to acidize theﬁ. Calcareous sampled were powdered

fyllowing'ihe method described above. They were then}piace% in 50 ml
beakers and allowed to sit in spent fgrmic acid for 24 hours. The
f;rmic acid was'pipetted off and replaced with water, changing the
water several times over a 2 day periéd to remove any excess formic

acid. These samples Were air driéd, and were ready for further

processing.

At this point, all powdered samples were placed in glass
containertho whiqh distilled w&te: and a fewrgrains of sodium
hexamztéphosphate (antiflocculent.agent) weré added. This mixture
Qéggstirred until all partiéles’were.in suspension. After allowing
the coarser, non-flaky particles to settle, a portion of the
remaining suspended material was pipetted off and placed onto porous
ééramic tiles. A vacuum fromvbeneath drew the water through the
tile, orienting the claY's (001)‘dimension parallel to the flat upper
surface.: A relatively thick layer of clay méterial was placed upon
the tiles. This allowed the clays in contact with the porcelain to
£i11l in the microscopic pores, allbwing the material in contact with
the x-ray beam to be oriented with less deviation from parallei.

Subjecting the clays to a vacuum increased the randomness of clays
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1]

tﬁat Qould.be x-rayed.. The vacuum dié hot allcwfdiffe;entiai
s;ﬁtling Qf diffe;ent sized élays, increasing the representitivenegs”
of the Sampled clay mineralogy.

It should be noted that the suspended material was allowed to
settle for only 35-40 seconds before pipetting. This procedure
sepérated most of the clay minerals from most of the quartz silt, and
pfﬁvided a ciay sample representing the bulk minerélogy of detrital.

clays, thqs more closely reflectihg the bulk‘mineralogy of the rock:

‘samp;e. Bakér (1973) found thét,léss-than-2-micron fractions were

not as representative of clays in the Columbia River as the 62-micron

fraction. 1In addition, Gibbs (1977) noted that clay sizes in the

Amazon River range from 0.4 microns to 10 microns. These studies

;ﬁgyést ihcreased séttliﬁg times would have missed the larger sizev
fi;;tions.

Datﬁ”were obtained by running the oriented saméles on Philips
APD 3500 Automated Pcwdét Diffraction System, with a peak,search‘ 

p:ograh. The samples were exposed to monochromatic CU Ka radiationm,

- and were run at 40 kilovolts and 20 milliamps. Numerical data were

obtainéd‘by runs described in the follbwing section.

Semiguantitative Analysis

The semiquantitative analysis used to determine the clay

‘mineralogy is based on a procedure described by Austin (1973). Your

runs on the diffractometer were necessary for each sample: 1) The

‘oriented air-dried samples were run between 2 and 38 degrees 2 é'atta

fixed time of 0.5 seconds per 0.2 degrees. This run was used to



idehtify the dOminant clay-sized miheralein'eech saﬁple, and to
attain values at 12 4 degrees 20 (Kaolin 001 and Chlorlte 002), at
17. 8 degrees 20 (Illlte 002), and at '18.4-18. 9 degrees 20 (Chlorzte
003). Since quartziwas present in all samples, its cha:acterlstig
peeks at 20;85 degrees 2 © and 26.65 degrees 2i§ served as excellent -
controls over the amount of veriance in the locatioefof peaks. 'The:e
variances are due to deeiations from a perfectly parallel upper
surface of the porcelain chips upon which the semples wvere moynted.‘e
2) The second suh was again air-dried and run between 24 degrees 2 @
and 28 degrees 2 @ atba fixed time of 2.5 secends per 0.2 degrees.
~Th£s slow speed enabled a visualvseparetion,ogythe kedlin 002 and
chle:ite\004 peaks at 24.9 degrees 2 6 and 25.1 degrees 2 é
"respeetf#ely; The slow speed also previded,a more precise
quantitative determination of peak intensities. The 3.43 A quartz £
peak (26.66’5eg£ees‘2.9) was again used as the control. 3) The third -
run was'eempleted after the sample had been exposed to an ethylene |
ql&Colesaturated atmosphere for 24 heurs, which expands tﬁe *
eipandable clays. This allows a more precise measurement of the
illite 001 peak at 8.8 degrees 2 © and also provides anlopportunity
'toﬁdetect smectites by measuring the peak found at 5.2 degrees 2 8.
No smectite was obseIVed in any of the samples processed in this
study. 51nce kaol1nite was present in all samples, 1ts peak at 12.4
‘degrees 2 @ was used as the control 'in‘this run. 4) After heating »
the sample to 375 degrees C for 1 hour, the sample was run from 2

' degrees 2 0 to 18 degrees 2 6 at a fixed time of 0.5 seconds per 0.2

degrees. The illite’ 001 peak at 8.8 degrees 2 6 was again measuredr



Heating the sample at this temperafure was effective ih,separating
| mix§d 1ayer clays from the low-angle sid; of the illite 001 peak
 (Figure 9). The kaolinite 061 peak at'li.d'deérées 2 Giwas again

1ﬁse§Vas’§ontrol. Percentage values wgre then caléulated:using the

- following formulas:

If chlorite was not present:

e
1f chlorite was pfesent: \
o IIH + C3 x I1G . K2 x C3 x IlG
‘ 12 - 2xCaxI2
i E ™" was then inserted into the following equations to arrive at

--the percentage of different clay minerals present:.
. - - s Illite = I '

1G
T x 100
% Chlorite = IIG * 100 x C3
T . . I2

-+ I no chlorite was present, the following formula was used to .
complete the percentage of kaolinite present:
{ RRUE S % Kaolinite = X,
—_— X 100
T

If chlorite was present, the following fqrmula‘was used to

| , compute the percentage of kaolinite present:
% .
8% Kaolinite = IIG % 100 x c3 x X2
j : : _ T IZ 2 xca

A Mixed Layer Clays = IlH - Ilc x 100

T
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Figure 9: X-ray pattern and peak identification. Peak locations for
the various clay minerals are identified. '




Figure 9 -




Few parameters in this semi-quantitative analysis are not
subject to at least some degree of‘uncertainty. Measurement errors

are introduced by problems associated with samples (e.g. too many

’fthekporcélain chip, thereby reducing intensities), préblems

associated with hardware, andyﬁroblems associated with relative

reflecting abilities of the various clay‘mine:als. For a complete

3‘

quartz grains, which prevent;many clay flakeijiom lying parallel to

discussion concerning these problems, the reader is referred to S. R.

Schutter (Ph.D. dissertation, in preparation, Univ. of Iowa).

‘Illite Crystallinity Index

Calculatioh of the illite crystallinity index was accomplished

using the method of Weaver (1965). The illite crystallinity index

the heiqﬁt of the subordinate peak H‘degfee 2 0 to the lower angle

side of the illite peak used (Figure 10).

was attained by measuring a ratio'of the untreated 001 peak height to




N
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Figure 10: Illite 001 peak and position of subordinate peak used for .

© computing illite crystallinity. The value is obtained by
dividing the height of the illite 001 peak by the he;ght of the
peak N degree to the lower-angle side. =
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OUTCROP AND SAMPLE OBSERVATIONS

NE Foster (SE4 Sec. 6

T39N,R32W, Bates Co. Mo.)

The sampled intervalyat{NE~FcSter (Figureﬂll) consists of QOQSﬁ”

agﬁshaié and:silty shale. The base of the sectidn chosen foty
sampling was a coal seam. Unit 1 (Figure 11) is 2.5m of sparsely |
fosslliferrous silty (46 5& silt) shale, with a 0.1m wavy—bedded
fossilzferrous limestone bed between O. Sm-O 6m above the coal.
Illltl crystallinity values in the lower 2.5m range from O. 9-1.(,

randanlf fluctuating between;samples; Mixed layer clays unifotnly

constitute 208 of the clay minerals within this interval. Total mud

percentiges fluctuate, initially decreasing upward, then réﬁetiinqv~

thiir trend. Several irreqular, discontinnous lenses and beds of

carbonate ccncretions are present between 0.7-2.0m (Flgure 11).
Unit 2, comprising mudrocks in the{interval between 2.5m-10.4m,

. is more mud-rich (averaging about 77% mud), and is interstratified

‘with laterally continuous 0.1lm thick siltstone beds. These siltstone

’bedi aisplay'irregular-wavy.to féintly crosé-laminated
stratification. Total mud percentages within these siltstone
’ltfinqerstare in sharp contrast with the clay-rich muds gurrounding
thgm (Figure 11). Mixed layer percentages range between 2%-10% in

the lower 4.5m of thié.unit,~and gradually increase upward, abruptly



a5

Figure 11: Data acquired from NE Foster section. Arrows indicate
‘sample points. Dots (*) indicate relative abundarce of probable -
eurytopic fossis (productids and ostracodes); 0 dots = barren ~
‘sample, 1 dot = 1-10 specimens;, 2 dots = 11-20 specimens, 3 dots:
= 21-30 specimens, and 4 dots = more than 30 specimens for each
sample examined. "mf" denotes marine fossils at indicated -
horizons. I = illite; C = chlorite; K = kaolinite; M = S
mixed-layer clays. - Values to the right of dotted line in illite:
~crystallinity column indicate illxte crystallinity values
greater than 1.2. _
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increasing to:25%-35% at the-topfdf‘this uni£'(figuré 11).‘ Illiﬁe
¢rystallinity values for this interval are higp;;ranging‘betweej
1.7-2.1. faunal evidence is restricted to poérly’p;eserved productid
br;#hiqpod spines. These are most abundgnt aﬁ the base of this ﬁnit,
and disappear‘upﬁard (Figure 11). |

Lithologies present in unit 3 (Figure 11) include an open/mnrin§'
fpssiliferoﬁs limestone bed between 10.4m-10.6m above base of
section, and a 0.3m foséilifetous sandstone above the limestone.
From 11.2m-12.2m, an extremely mud-rich (98.8% mud) fossiliferous
mudrock is present. Well-preserved ostracodes and productid
brachiopcd spines and shells are abundant throﬁghout this intexval;
These mndrocks grade into interst;atified rippiéd sandstones and .
311tstones 17. 5m above base of section. Total mud percentages and ‘
faunal abundances between 11.2m~-17.5m (top of sampled interval) alsa
. decrease upward. Illite crystallinity values in unit 3»(10.4m-17.5n)
aru-lov} ranging between 0.9-1.1. Mixed layer clay percentages - ‘
display a.Qraduﬁl increase upward throughout unit 3.

The silt consists of‘subangular-subrounded;Quartz g:ains
through§ut the entire sampled section. Muscovite flakes are common

and‘arcrespeciA11y noticeable along bedding planes within sandstones.

Lawrence Cemetery (SE% NE% Sec. 5,

T37N,R33W, Vernon Co., Mo.)
- The base of the Lawrence Cemetery section is stratigraphic.lly
equivalent to the sandstones that cap the sampled interval at NE

Foster (Figure 12). A second section (Cemetery Creek East in this
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Figure 12: Stratigraphic correlation of outcrops. Datum is base
of Fort Scott Limestone. No horizontal scale. Note NE Foster
(NEF), Neosho River Park (NR), and West Welch (WW) represent
entire section. Cemetery Creek East (CCE), Lawrence Cemetery

- (IC), North Arma {NA)" (and West Croweberg), Osage Cemetery (OC),
: ﬂeosho River Park (NR), and West Welch (WW) represent upper {
portions of the Lagonda interval. This Figure illustrates thc
stratigraphic relationships of all the sections, particulaxly
the relationship between the top of the NE Foster section and

“ the base of the Lawrence Cemetery section.
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Datum: Base of Ft. 8§ott Ls.

Figure 12
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study) is located across tﬁe road frbm Lawrence Cemetery. The basé ;:‘
of the Cemetery CreekgEést section is Stratigraphicallf‘equivalent té
the sandstone unit that caps the Lawrence Cemetery‘éeétién and .
extendsvﬁgward to ‘the Fort Scott Limestone. fAucomposite.sectioﬁ,
Fijure-lB, hés beén‘COnstructed for these twéncutéfeps;”v

' Unit 1 consists of 1.5m of mottled, unfossiliferrous undetclay'g
overlain hy‘0.4m of’coal.‘ The underclay is mndirich (79.2\ mué), aﬂé_
thﬁfclay mineral assémbiage is'composéé entirely of illite (57;5t7 |
and mixed iayér clays (42,5&).‘)Illite crystallinity values for the -
unagrcléy«aré‘anomalously low (0.6).

‘;,Un;t z,consistsjof a thin (O.lm)'fossiliferous limestone’&nd:
2.4m of é&lc&reous shale,;ontaihiﬁé'echinoderm.fragmenﬁs. ifzequlaz.(

discoatinuous beds of carbonate ‘concretions are preseﬁt within this

” shale at two different‘Stratigraphicllevels (Figuré 13). Illite
'cffstallinity values remain anomalously low throughout this unit.
‘Migedvlayér clay percentagés fluctuate markeﬁly, entirely
‘dikappearing in the samplé'(LC-4) thét COntaiﬁs the echinoderm pieces.

*'(Piéuxc 13).

Unit 3 isfinterstratified éaICarebus clayey shales (averaging

- 75.5% muﬂ), siltstones, and fine-grained sandstones. Illite

crYstallinity~values remain low, while mixed layer clay percentages

’rapi¢1y‘deérease upward, totally disappearing in the upper half 65

this unit (Figure 13). Faunal aésemblages consist of well-preserved

ostracodes within the shales.



Figure 13: Data acquired from Lawrence Cemetery section includiav

Cemstery Creek East. Arrows indicate sample points. Dots (*)
indicate relative abundance of probably eurytopic fossils

- (productids and ostracodes); O dots = barren sample, 1 dot =

+ 1-10 specimens, 2 dots = 11-20 specimens, 3 dots = 21-30
specimens, and 4 dots = more than 30 specimens for each sample
examined. "mf" denotes marine fossils at indicated horizons. I
Co- illite: C = chlorite; K = kaolinite; M = mixed-layer clays.

‘ Dotted line 1n 1111te crystallinity column indicates a value of

1.2
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Unit 4 comprises clayey shales (averaging 70% mud)
interstratifiea with calcite-cemented quartzarenites (sandstone
classification of Dott, 1964). 1Illite crystallinity values remain
low. The upper 2m of this unit displays a return of mixed layer
clays (Figure 13).

Above the sampled interval are burrowed and rippled sandstones
6Verl§in by a mottled, unfossiliferous limestone, the Breezy Hill,

* and eventually the Excello Shale and Fort Scott Limestone.

North Arma (SWh SWhk Sec. 32,

T275,R25E, Crawford, Co.,Ks.) and

West Croweberg (SWh SE% SEX Sec. 9,

T28S,R25E, Crawford,. Co., Ks.)

The North Arma outcrop and the West Croweber§ outcrop are
located approximately 2.5 miles apart (see Figure 14). Both sections
occupy the same stratigraphic levels, and as a result, facies
relationships.on a more local scale were’iﬁvéstigated.

The North Arma highway 69 section consists (Unit 1) of 4.2m of
mud-rich (averaging 82.1% mud) shale which grades into 1.9m of
siltstone (Unit 2). The lower 3.7m of shale (Figure 15) displays
high illite crystallinity values (1.3-1.7), gradually
upward-increasing mixed~layer clay percentages {(from 4.3% to 16.8%),
and gradually upward-decreasing total mud percertages. Ptoductid
spines were recovered from the next to lowermost sample (igure 15).
The upper 0.7m of shale dispiays,lower illite crystallinity values

and a substantial increase in kaolinite pércentage with an associated
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Figure 14: Location of North Arma (NA) and West Croweberg (WC)
outcrops.
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Figure 15: Data acquired from North Arma section. Arrows indicate
sample points. Dots (*) indicate relative abundance of probable
eurytopic fossis (productids and ostracodes); 0 dots = barren
sample, 1 dot = 1-10 specimens, 2 dots = 11-20 specimens, 3 dots
= 21-30 specimens, and 4 dots = more than 30 specimens for each
sample examined. I = illite; C = chlorite; K = kaolinite; M =
mixed-layer clays. Values to the right of dotted line in illite
crystallinity column indicate illite crystallinity values
greatexr than 1.2. '
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decrease in total mud percentages (Figure 15). No microfossils were
recovered from this interval. The siltstones that overlie these
shales continue these same trends. |

The West Croweberg section is composed of S5m of shale (Units 1
and 2) overlain by 1.2m of sandstone. The lower 2m of’shale (Unit 1)
are mud-rich (93% mud). Thése mudrocks abruptly become sandier (61%
mud) within the upper‘3m of shale present. Poorly preserved |
brachiopod spines were recovered from the lowermost sample (Figu;e
16). Sand in these shales consist of subangular-subrounded quartz
grains and pink feldspathic rock fragments. .The sandstones’overiyiﬁg‘
these mudrocks (ﬁnit>3) display sharp, erosional basal contacts and |
bedding'surfaces with current ripple marks. Illite crystallinity
values for this entire section are low (0.541.2)."Mixed-layer clay
percentages display gréat variability, fluctuating between 0.7%-47.6%
(Piguré 16). The uppermost‘shale sample displays a very low illite
crystallinity value of 0.5. Kaolinite is present throughout the
section, increasing abruptly near the top of the sampled interval

(Figure 16).

Osage Cemetery (NE% SEY Sec. 25,

T30S,R22E, Crawford Co, Ks)

The Osage Cemetery section is 19.7m thick, with the base of the
section beginning at the water level of Lightning Creek. The lower
14.7m (Unit 1) is silty shale (ranging between 13.7% and 69.2% mud)

with a 1m interval of clayey shale (82.8% mud) between 5.0m-6.0m
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Figure 16: Data acquired from West Croweburg section. Arrows
indicate sample points. Dots (°) indicate relative abundance of
probable eurytopic fossis (productids and ostracodes); 0 dots =
barren sample, 1 dot = 1-10 specimens, 2 dots = 11-20 specimens,
3 dots = 21-30 specimens, and 4 dots = more than 30 specimens
for each sample examined, I = illite; C = chlorite; K =

- kaolinite; M = mixed-layer clays. Values to the right of dotted
line in illite crystallinity column indicate illite
crystallinity values greater than 1.2.
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‘above base of section (Figﬁré 17). Small (0.05mm diameter)
hematite~stained concretions occur throughout the lower 14m.

Siltstone stringers occur in thin (1-3 cm) beds consisting of
subrounded-rounded quartz grains and pink feldspathic rock fragments.
Hud-nizéd material is interstratified with these siltsfone st:ingers
in 0.5-1.5 cm beds.

Unit 2 lies above this shale, and comprises approximately 5m of
slabby, wavy-bedded véry fine—grained, micaceous sandstone. .
Immediately overlying this sandstone‘is a.small covered interval and
the Fort Scott Limestone.

Clay mineral‘percentages at Osage Cemetery vary more than thosé

in other sections sampled. . The lower 10.5m of this section is.

-uniform in clay composition, dominated by illite (Figure 17). The

. interval between 10.5m and 14.7m displays a complete lack of

i;chloritc, A great reduétion in illite, and an equally large increase
in kaolinite (Fiéure 17). Mi#ed layer clay percentages display a
more gradual upward reduction. *

Illite crystallinity values are above ;.2 mainly near the base,
and are low (0.7-1.2) throughout most of the section, especially }

within the zones of high kaolinite. Only samples 1,2,3 and 10 have

crystallinity values of 1.2 or greater.

- Neosho River Park (SWh SWhx NE4% Sec. 15,

T33S,R21E, Labette Co., Ks) .

The Neosho River Park section consists of 25.2m of mudrocks

overlain by 0.5m of black, phosphatic shale (Excello Shale) and the
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Figure 17:  Data acquired from Osage Cemetery section. Arrows

52

indicate sample points.  Dots {*) indicate relative abundance of

probable eurytopic fossis (productids and ostracodes); 0 dots =

barren sample, 1 dot = 1-10 specimens, 2 dots = 11-20 specimens, :

3 dots = 21-30 specimens, and 4 dots = more than 30 specimens
for each sample examined. I = illite; C = chlorite; K =
kaolinite; M = mixed-layer clays. Values to the right of dotted
-line in illite crystallinity column indicate illite
crystallinity values greater than 1.2.
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base of the Fort Scott Limestone. Approximately 3 miles southeast of
this section, the Verdigris Limestone outcrops near the Overman
Bridge in the SW% Sec. 35, T33S,R21E. Assuming no structural
displacement, the location of the Verdigris Limestone can be |
extrapolated to the measured section, using the regional dip of 30
feet per mile to the west. As a result, ﬁearly a complete thickness
of the Lagonda interval is represented at this section.

The éxtremely mud-rich (averaging 82.5% mud) section is intfr-
stratified with three intervals of fine-grained sandstone. These Ater
located between 18.2m~18.8m, 19,.1m=19.2m, and lo;Bm-lo.BSm above the
base of the measured section (Figure 18). All the sandstones display
' sharp,butfnon-erosional basal contacts, with the lowe;t sandstone
_gxhibiting ioad structures. Upper contacts with intervening mudrocki
are also sharp, demonstrated by the immédiate return to mud-dominated
sediments with no evidence of gradation. -

Silt in the mudrocks is subangular-subrounded quartz. Mica is
éommon throughéut the section. \

The Neosho River Park section displays little vatiation in
illite, chlorite, or kaolinite percentages throughout Unit 1. Unit 2
illite percentages increase as miied layer clay percentages decrease
(e.g. samples 14A and 17), while higher‘mixed layer clay percentages
ippeat at the expense of chlorité and kaolinite (e.g. samples 13a, 16
and 18). Illite crysfallinity values are moderate to‘high (1.2-2.2)

with low values of 1.1 encountered mainly in samples with higher

mixed layer clay percentages (e.g. samples 5, 14, and 16).



Figure 18: Data acquired from Neosho River Park section. Arrovws

indicate sample points. Dots (°*) indicate relative abundance of
probable eurytopic fossis (productids and ostracodes); 0 dots =
barren sample, 1 dot = 1-10 specimens, 2 dots = 11-20 specimens,
3 dots = 21-30 specimens, and 4 dots = more than 30 specimens
for each sample examined. I = illite; C = chlorite; K =
kaolinite; M = mixed-layer clays. Values to the right of dotted
line in illite crystallinity column indicate illite
crystallinity values greater than 1.2.
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Fossils are spﬁrse throughout this section., 1In the lower half,
a low abundance of well-preserved ostracodes and phosphatic

fragments, possibly fish plates were recovered.

West Welch (SWh SW4% Sec. 30,

T28N,R20E, Craig Co., Ok.)

The West Welch exposure includes a complete section of the
Lagonda interval, which hasyihinned to oﬂiy 9m. The upper contact of
the Verdigris Limestone is abrupt and perhaps erosional. '

- Approximately 1.75m of muddy, sparsely fossiliferous sﬁalé,with
productid brachiopods overlies the contact (Unit>1). The muddy shale
grades upyvard into 4m of uhfossiliferrous»silty shale (Unit 2). Thisv
silty shile is interstratified with 0.1m beds of laterally continuous
siltstones; Unit. 3 consists of silty shale and siltstones
interstratified with 0.4m beds of very fine-gr;ined sandstones.

These sandstones ;re rippled in 1-5 cm'bads. dip 8-10 degrees vest,
grade laterally towérds the east into silty shales;vand»display an
overall channel-like geometry with sharp erosional bases. Above this
sequence of sandstone, 1lm of coal and underclay occur.

Clay“ninefalégy data are illustrated in Fiqﬁre 19. Illite
crystallinity values are low throughout the sampled interval, with
ogly the shale between the upper two sandstones demonstrating a value
that i:.greater than 1.2 (Figure 19). Mixed-layer clay percentages
are high in samples 4, 5, 6, 8, and 9 (Figure 19). Low mixed layer

clay percentages occur at samples 3, 7, and 10. A large increase in

 kaolinite occurs in the upper 1.5m of the sampled interval.

im ot vme. e~ e LWy S

i e s




58

Figure 19: Data ‘acquired from West Welch section. Arrows indicate
sample points. Dots (¢) indicate relative abundance of probable
eurytopic fossis (productids and ostracodes); 0 dots = barren
sample, 1 dot = 1-10 specimens, 2 dots = 11-20 specimens, 3 dots
= 21-30 specimens, and 4 dots = more than 30 specimens for each
sample examined. I = illite; C = chlorite; K = kaolinite; M =
mixed-layer clays. Values to the right of dotted line in illite
crystallinity column indicate illite crystallinity values
greater than 1.2. ‘
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Fossils (productid brachiopods) were recovered only from the lowest

. shale sample processed.

Core Samples (Location in Appendix D)

' The cores used in thi§ investigation (some of those used'by P.
N. Reihholtz, MS tﬁesis, in preparation, Univ. of=IoWa)uarerlocated
northwést of the outcrop belt (Figure 3). Core intervals consist of
interstratified shales and silty shales, which become gradationally
sandier upward. The core,saméles chosen for clay minetalogic
eXaminétion were somewhat biased as shales were extracted from only
the more mud-rich areas in the lower sections of the cored interval
due to drilling biases. As a result, no clay mineralogy data was
available to analyze vertical changes as the shales became sandier.

The mud-rich éamples examined were all similar. Kaolinite
percentages were low (0%-10.9%), illite percentages ranged from

‘41;$§~57.9t; chlorite percentages ranged from 21.8%-36.2%, and
mixed-layer clays varied between 8.6%-33.9%, Illite crystallinity
values were extremely high, never falling below 1.8.

Ié is conceivable that the consistently high iliite
crystallinity values found in these samples reflect the unweathered
nature of the core material. As a‘result, it is also conceivable
that the low crystallinity values enco;ntered in 'some outcrop samples
are the:results of weathered rocks, even though care was taken to
collect only fresh samples. I believe that differential weathering

between outcrops and cores is present but not a problém for




depositional interpretations. The illite crystallinity values

- attained from both outcrop and core samples reflect relative trends,

‘and trends seen on outcrop represent valid relative values which can

be incorporated into depositional interpretations.
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ENVIRONMENTS OF DEPOSITION

Clay MiﬁeraloQical Considefations

A wealth of data has been published in thé‘past'few;décadgs
dealing with whét élay'mineralogy can indicate about depositional
environments (e.g. Biscaye, 1965, Grim and Johns, 1954, Milne and
Schott, 1958, Milne and Earley, 1958, Johns and Grim, 1958, Taggért
and Xaiser, 1960, Griffin and Ingram, 1955, Powers, 1957, Grim, 1951,
Pryor and Glasé, 1961, Degens, et al., 1957, Weaver, 1958). From
these studiés, a few generalizations can be made concerning both

‘modcrn~a§d ancient marine sediments.

Ali types of clay‘minerals have beeniidentified’in recent mlrinc
sediments. Illite and chlorite are abundant components, with
kaolinite commonly abundant in local nearshorc”areas (Gri&, 1968).

It appﬁars that in marine sedimenté, kaolinite is very slowly

altergd to illite or chloritic mica (Grim, et’al. 1949). It also
appears that any of the major clay minerals can occur in any ancient ’
depositional environment. Clay minerals seem not to be restricted to
-/particular‘environments. ‘However, either illiﬁés,‘smectites, or
mixed layer clays can occur as the cpiy clay minerais present in any
of the major depositional environments, ﬁhile kaolinite appears to be
dominant only in fluviatile and nearshore environmentsf

Depositional interpretations are further cémplicated by the

extreme variability of the structures of the clay minerals and their
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ion—exchange capacities. These properties’allow‘atomic substitutions
within ciay lattices, thereby introducing diagenetic alterations
"bctween source and depositional are#s.

| The facts cited above suggest that definitive statements
concerning depositional environments can not be inferred sdlely from -
" the clay mineralogy present in any sample. However, upon careful
inspection of certain parameters of clgy‘minerals, depositional

models can be suggested. .

Use of Semi-quantitative Clay Percentages

The value of individual clay percentages'throughout a sequenpe
of rocks lies in large percentage fluctuations, which occhi both -
abruptly and gradually throughout a complete sequence of strata.
Abrupt changes are used ih this study to suggest rapid fluctuations
in some aspect of source area or depositional rate. Since diagenetic
studies (e.g. Grim, 1958) shggestvthat all ciay minerals can alter to
illite and chlorite, the percéntage values for these two clay types
may ho.reflecting‘actual differences in source areas, or they may be
reflécting differing diagenetic histories. These two possibilities
result in vastly different geologic interpretations, and the
inability to adequately conclude which process was dominant casts
doubt on' the reliabiiity of interpretations based solely on the
percentage values obtained for these two clay minerals.

Weaver (1958) and Pryor‘and Glass °1961) showed that kaolinite
‘is dominant mainly in fluviatile and nearshore environments.

Variations in kaolinite thus should reflect relative nearness to
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tetr#strial sources with greater amounts of kaolinite present nqarest
ﬁhe source. Tﬁis is especialiy true in equatorial reéions (as the
PennsylVaﬁian mid-continent) where leachinq produces large amounts of
kaolinite. This relationship is used to aid in the evaluation of
distance‘ftom shoreline in marine environments.

nixed layer clay structures are of two different types. The
intetstr;tification of individual clay types may be regular, with
stacking along the ¢ axis due to a regular repetition of the .
differing layers. Inusﬁch cases, the unitkcell is equivaient £o the
sum of the component layers, and regular 001 x-ray reflections are
obtained. Since this unit cell is a combina;ion of more than one
( clay type, a ”superécell“ is picked up on the .x-ray diffraction
patternQ The location of the péak of this super—cell is the sum (
tota; of all the 001 dimensions present in the mixed layers. This
resuits in characteristic peaks larger than 20:;.

Another kind of mixed layer structure is due to a random
irregular interstratification of layers in which there is no uniform
repetition of layers. .Gruner (1934), Bradley (1945i, and Weaver
7(1956) emphasized the occurrence and importancé of fandom mixed
layers. Due to their lack of repetition, no characteristic x-ray
diffraction peak exists\to'aid in identification.

Clay mineral grains range in size from 0.4 microns‘to 10 microns
(Gibbs, 1977). As no super-cell x-ray peaks were idéptified, the
randomness of the clays encountered in this study suggests lack of
sorting and rapid deposition. This relationship is related to

the percentage of mixed layer clays present in a sample, with higher
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values suggesting more rapid sedimentation. Additionally, more rapid
sedimentation insulates the sediments from marine diagenetic
processes, allowing less altération of the mixed layers tc,hiéhly
crystalline iilites and chlorites._ In this study, high mixed layer
percentages (20%-50%) aré inferred to represent;highei sedimentation
and bﬁrial‘rates, while lower percentages (0%-20%) répresent slower
se&igentation ahd burial rates where marine diagenetic processes have
altered the clays. | ‘

The degree of crystallinity (sharpness of x~-ray diffraction
peaks) of each clay mineral is an indirect way of evaiuating how
well-ordered a clay mineral is, As a téSult, variationsiin peak
shapes!are useful in the interpretation of weathering profiles and

diagenetic alterations..

Use qf Illite Crysta;linity Indexes

Another parameter that was employed was the illite crystallinity
index, which is d§§Endent on a shape é&rameter of the illite 001
peak. This variabie‘can be related to the degree of leaching illite °
has‘ﬁndergone. During the leaching process (e.g. in a weathering
profilg);'loss»of potassium ions occurs, increaéing the amount of
expanding clays present (Weavef, 1965). This affects the'illite by
lowering its crystallinity, and is represented on x-ray patterns as a
btoadat,»less intense peak. The illite crystallinity index is ‘
plotteakin a vertical arrangement, illustratin§ crystallinity
gradations through time. Low values, representing broad, flat peaks

and ranging from 0.5-1.2, suggest degraded illites (Weaver, 1960).
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"They are interpreted in this study to represeni weathering horizons
_if the mudrocks are‘massive {(without beddihg), or materials derived
v\:ram weathering horizons if the mudrocks are bedded. Values of 1.2
or greater, representing sharéer peaks, demonstrate more highly
crystalline structures (Weaver, 1960), and are inferred to represent
:lower, marine sedimentation where illite‘régainsfx+, if mixed-layer
percgntages are low. Values of 1.2 or:greater are inferred to
represent unweathered bedrock sources of illite if mixed layer

percentages are high.

Paleontological Considerations

Fossil data were Sparse, and consisted of iow‘diversity f#ﬁnal
~ assemblages. Productid brachioéods weré the mb;t abundant fossils
encounfered and‘frequently made up‘the entire faunal assemblagef
Alﬁhouqh poorly preserved in most cages, several examples of
?Desmoinesia were identif;ed (Figure 20). The ostracode Cavellina
(Figure 21) was also present in several samples. In view of the low
diversity‘of these assemblages, the organisms apparently were
eurytopic, able to withstand broad salinity and turbidity
fluctuations.

One Sample (LC-4) contained an abundant normal marine asseblage
of sea-cucumber sclerites and crinoid columnals in addition to the
ngchiopods and ostracodes normally encountered. Unidentified
phosphatic plates, possibly fish plates, were occasionally recovered

from residues in the Neosho River Park section. The carbonate

~




Figure 20:
mm.

Productid brachiopod ?Desmoinesia. Bar scale equals .5
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/
' Yigure 21: ~ Ostracode Cavellina and one productid spine. Bar
‘ : scale equals.5 mm. -
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Figure 21



7
concretions encountered consist of:mud-sized catbonate grains
“-gurrounding a nucleus of brachiopods ahd snails.

The general low diversity in conjunction with lack of open
/marine fauna (éxcept IC~-4) and thg p:eSence of organisms known today
to be adaptable to restricted conditions suggeSts an overall
restricted depositional environmént of fluétuaﬁing salinities and
turbiditiés.

Fluctuations in depositional rates were reflected in the .
abundances of fossils found. During periods of increased -
sedimentation rates, clastic materiai diluted féunal abundances.
Specimghs were also pooriy preserved in theseiintervals. Intervals
of slower sedimentation r#tes exhibitéd increased abundance and

‘better preservation.

Reliability of Data

The key to the usefulness»éf thé preceding observatiogs is that
internilgconsistency was strictly maintained in attaining this data.
This was accomplishéd by always using the same peak location; in’thé'
quantitative analysiS'of clay mineials, and identical sample
preparation for both the clay mineral samples and the shales which
were processed for fossils and sediment size data. As a result, the
‘variations between and within the samples studied are cohparable to
one,anothef. and depositioﬂal interpretations can be made with a
greate; dégree of confidehce.

Previous work (mentioned earlier) has adequateiy described the

geologic history underlying the deposition of Pennsylvanian cyclic
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deposits>in the mid—continenf. The intent of this study is not to
‘test or challenge thesé observations and interpretations, but rather
to observe relationships and interpret depositiona; facies within the
Lagonda deltaic sediments deposited during an overallyregressive
phase of Pennsylvanian cyclic sedimentation. Interpretations and
observationﬁ formulated in this study concur with the previous

finterp:etations-df regression, and will be the basis for further
interpretatioﬁs concerning source areas, sedimentation rates, and

t

fossils.
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FACIES RECOGNITION

The integration of all parameters discussed in the preceeding
paragraphs has led to‘the development of three recognizable facies
of Lagonda sedimentation: 1) a slowly deposited prodeltaic mud |
facies, 2) a shoreline coastal facies, ;nd 3) a prograding delta .

front facies (Figure 22).

Prodeltaic Mud Facies

Hiqh:illite crystallinity values (1.2 or greater), high’total
mud percentages (75% or greater), low kaolinite percentages
(0%-10%), and low mixed-layer clay percentages (0%-20%) are
characteristic of the prodeltaic mud facies. These values suggest a
depositional environment which: 1) was not close to a terrestrial
source, 2) was receiviﬁg mostly mud—sized material, and 3) was
experi#nciné slow sedimentation rates.

Thi characteristics of this facies are best diéplayed in the
:Neoshohxivgr Park section (Figures 18 and 23), the lower 5m of shale
in the Nofth Arma highway 69 section (Figures 15 and 24), and the
core sections sampled.. Within these samples, decreases in illite
crystallinity valves and total mud percentages are directly ?elated
to co-existing increases in mixed layer clay percentages (refer
to sandstone intervals in Figure 18 in'particular); These

fluctuations suggest a temporary increase in sedimentation rates,

‘
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Figure 22: Location of three facies recognized in the Lagonda
interval. Prodeltaic muds are located beyond the reaches of
active deltaic sedimentation . Active sedimentation deposits
silty shales just landward of the prodelta mud facies.
Shoreline coastal environments inlcude fluvial systems that
empty into the basin, providing sediments for deltaic
progradation.
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Figure 23: Depositional environments represented in Neosho River
Park section.
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Figure 24: Depositional environments represented in North Arma
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and probably represent extensions of delta front sedimentation

during peak periods of sediment supply.

Shoreline—cbastal Facies

. The shoreline-coastal facies is characterized by the presence
of coal beds and seat earths with stratigraphically equivalent
*sandstongs and;siltStones.« Shales and silty shales are subordinate
lithologies, represented in fh&s facies as underclays and soils ‘
where illite crystallinity values are very low (0.5-0;8) and bedding
is massive. Sandstones and siltstones display sedimentologic
features characte;istic of fluvial environments, such as
unidirectional current ripple marks, convex downward geometries, and
erosional bases, and also display high kaolinite percentages
(15%-55%), low total mud percentages (0%430\ clay), and an absence
of fossil evidence. Mixed layer clay percentages are moderate to
high (20%-60%). These criteria support a fluvially dominated
environment where sedimentation rates fluctuated in response to
changing floﬁ regimeé and sediment supplies.

Sections in this study that demonstrate these criteria are the
basal coal at the NE Foster section (Figures 11 and 25), anrd
sandstone—coél intervals at the NE Foster and Lawrence Cemetery
sections (Figures 11, 12 and 26), the upper 1.5m at the West
C;owebcrg seﬁtion (Figures 16 and 27), the coal-underclay and
sandstone interval (Unit 3) at the top of the West Welch section
(Figures 19 and 28), and Unit 2 at Osage Cemetery section (Figures

17 and 29). Fluctuations in illite crystallinity values reflect the
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" section.

Depositional environments represented in NE Foster
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Figure 26: Depositional environments represented in Lawrence
Cemetexry section. 5
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Pigute 27:
section.

Depositional environments represented in West Croweberg
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Figure 28:
section.

Depositional environments represented in West Welch
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Figure 29: Depositional environments represented in Osage
- Cemetery section.
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variations in source material being eroded, with values less than
1.2 representing eroded soil profiles and values greater than 1.2

representing eroded bedrock.

Delta Front Facies

The prograding delta front fﬁeies is transitional between the
prodeltaic mud facies and the nearshore-coastal facies. As a
result, the delta front facies can be recognized only by identifying
.. gradual changes infparametérs. These changes will grade from ";ore
prodeltaic mud facies" to "more shdreline-coastal facies," as delta
lobes prograde over an area.

Progradation of deltaic lobes occurred: l)lduring sea level
stillstands as fluvial systems built their way into theibasin, or 2)
during regression where shifting coastlines forced these deltaic
lobes to migrate toward the basin. In either case, fiuvial
influences were shifting across the area of progradation through
time. This would result in greater kaolinite percentages upward,
greater mixed layer clay percentages upward, decieased faunal
ﬁbundance upward, and decreasing total mud percentages upwafd.
Illite crystallinjty values in this facies reflect which type of
source matetial was being provided.

Sections in this study which display these gradational changes
~ are the lower 4m of shale at the West Welch section (Figﬁres 19 and
28), Unit 1 at Osage Cemetery section‘(Figﬁres 17 and 29), the upper
2m of’shale and siltstone at the North Arma highway 69 section

(Figures 15 and 24), the West Crowberg section (Figures 16 and 27),
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units 3 and 4 at the Lawrence Cemetery section (Figures 13 and 26),
units 2 and 3 at ﬁhe NE Foster section (Figures 11 and 25), and Unit
2 at Neosho River Park (Figures 18 and 23).
This facies is obviously the most widespread of the three

facies recognized in this study. Combinations of parameters within

 this facies prbvided‘evidence for the recognition of 3 types of

depositional events within the overall generally regressive Lagonda

sequence.

Minor transgressive events were recognized by a change in

- illite crystallinity values, an ASsociated increase in mixed-layer

€lay ée;centages, but no change in total mud percentages. At the NE-
Foster section (Figure 11), the base df unit 2 marks the onset of a
trinsgressive event.. This transg:ession‘shifte& the shoreline to an
area whexe‘unweathe;ed, highly crystalline source'matérial was be;nq
ptovidcd to the depositional basin. The shifting shoreline moved
the main area of delta front deposition away from the NE Foster

area, allowing less turbid, slower sedimentation rates in this area.

~ This interpretation is supported by a shift to higher illite

crystallinity values, lower mixed layer clay percentages, and
abundan£ productid spine remains in the lower few meters of unit 2
(Pigqure 255. Deltaic progradation began working its way over the NE
Féster area throughout the rest of unit 2, incteasihg the turbidity
and burial rates. This is éupported by gradually incréasing mixed
layer clay percentages and decreasing occurrences bf productid

spines upward (Figure 11).
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Regressive events were recognized by upwara—deéreasing illite

crystallinity v;lues, decreasing tbtal mud percentages, and/or

~ increasing kaolinite percentages. At tﬁg ﬁE Foster section (Figure

©11), unit 3 reflects a change to soil derived sediments, suggested

by decreasing illite cryétallinity values. As'reg:ession.occurred,’

. unconsolidated delta front muds and sanés which had‘beén deposited

during highef sea level stands becaﬁé'subaerially exposed, resulting
in degraded and rewdrked‘clay minerals. Plant growth on these ,
~unconsolidated sediments would have begun developing soil profilei,

and erosion of these sediments provided the low illite crystallinity

“values encountered in unit 3.

Decreasing total mud percentages upward (North Arma and West
Croweberg sectionS-Figures 15 ahd 16) demonstrate an increasing |
supply of sand-sized grains.k This s;ggestsfa regressive event where
shifting sﬁorelines:and'higher energy fluvial environments were
providing largexr siliciclastic’grains to the delta front.
Upward~increased kaolinite percentages!(ﬂorthlhrma section Figure
15, West Crowbergvéectionffigure‘lé, Osage Cemetery section Figure
17, and West Welch sectibn'Figure 19) also support shiffing of
terrestrial source afeas closer to these areas as Fegression

continued.

by

Fluctuations in sediment supply were recognized by periodic

decreases in total mud percentages associated with increases in

‘mixed layer clay percentages. These fluctuations suggest temporary

increases in sedimentation rates, and probably represent extensions

of fluvial deposition during periods of peak sediment supply.
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Th§ areal extent of the deltaic lobé;in nortﬁeaétern Crawford
County, Kansas (refer to Figure 14) can also be recognized. The
North Arma section (Figures 15 and 24) is characterized by
prodeltaic muds at the base of:the sample ihterQal. ‘At the West
Croweberg section (Figures 16 and 27), prograding delta front
sedinmnts with more direct influence from f1uvia1~envitonments are
present within the.saﬁe stratigraphic interval. This relationship
helps outline the extent of active deita front sedimentation. The

deltaic lobe evolved through time by prograding over a larger

geograﬁhic atéa, This resulted in the gradual westward shift of the

prograding delta front facies, which is displayed higher in the

sampled-interval at the North Arma section to the northwest.
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DEPOSITIONAL 'INTERPRETATION: . LAGONDA INTERVAL

The following discussion is based upon the recdginition of the
three facies summarized in Figures 23-29. Figure .30 i;lustrates a
cross-section of the lithologies present in outcrop, and together
with Figure:‘23-29 will ser#é as the basis for facies reconstruc?ions
of Lagonda sediments across the study area. The cross section has
been hung on the base of the Fort Scott Limestone , and’dispiays the
stratigraphic position within the Lagonda interval of each outcrop
used in this study. Rock types between outcrops have béen inferred,
based upoﬁ facies interpretations made 6n the sampled areas.
EFarly during Lagonda sedimentation, the sea:that had deposited

the Verdiqris Limestone regreésed to the southwest. This inteiva1 o£
.scdincntation is representéd by rocks preéént at NE Foster, West
’Crovchcrq, N;Biho River'P?rk and West Welch.(rigure 30). Coal
deposi;s at NE Foster and West Croweberg’suggest swampy, shorline-
coastal envifanments at thes;;localities thle time equivalent rocks
intcrpfeted as prodeltaic muds are represented at Neosho River Park
(Figure 23). The abrupt contact befween the top of the Verdigris
Limestone and the base of the overlying silty shales at West Welch
possibly suggests a period of non-deposition prior‘to Lagonda
sedimentation in northeastern Oklahoma. Proposed facies

distributions during this time period are illustrated in Figure 31.



Figure 30:  Cross-section of inferred facies relationships of
outcrop sections. The three time slices illustrated in
Figures 31-33 are shown at their stratigraphic positions.

The coal at the base of the North Arma (NA) and West Croweburg
section is no longer exposed due to strip mine reclamation.
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Pigure 31: Paleogeographic reconstruction of early Lagonda
sedimentction.
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Subséqnant‘trans§réssibn extended across thgrentife study area,
suggested by the presence of,the prdde1£aic facies at both Neosho
River Park and NE Fostgr‘(Figures 23 and 27). Thin,‘fOSSiliferoﬁs
limestone beds found within‘this facies recbid srief periods of
reduced clastic influx and/or tuibidity, allowing temporary carbonate
production. Discontinuousilenses and beds of carbonate concretions
which consist of clay-sized carbonate grains, surrounding a nucleus
of brachicpods and snails also recoravtemporary intervals of
diaqenetic carbonate migration on a local scale.

As sea level stabilized, deltaic progradation began dominating
» sedimentation in NE Foster (Pigute 25) , Osage Cemetery (Figﬁre 29),
and West Welch (Figure 28). Continued prodeltaic mud sedimentation
at Neosho~River‘Park'and‘in‘Allen and Anderson Counties, Kansas,
suggests that areas westward of these localities were still beyond
the'rgaéhcs of prograding delta lobes. |

After sea 1evei stabilization, the sea regressed (based.on
changes in iliite crystallinity), shifting’the eastern shoreline intbv
southwestern Bates County and northwestern Vernon County, Missouri.
This shoreline-coastal environment is represented by fluvial sands at
| the top of the sampled section at NE Foster (Figure 25) and coals at
the base of the stratigraphically equivalent Lawrence Cemetery
;section;ﬁfigures~26 and 30).

ThiS>re§resSion was followed by another transgression or delta
”iobe abandonment, suggested by the open marine fauna present above
the coal at Lawrence Cemetery (Figures 13 and 26). As sea level again

stabilized, two identifiable deltaic 1obgs began prograding in a

o
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west-southwest direction (Figure 32). A northern delta lobe provided
quartz dominated sediments to the NE Foster/Lawrence Cemetery area,
while a southerh delta lobe ptovided giartz and pink feldspathic
fragments to the West Croweberg and Osage Cemétery areas.
Stratigxaéhicaily equivalenﬁ rocks in Allen, Anderson, and Labette
Counties, Xansas, suggest co;tinued prodeltaic mud deposition from
these counties westward. These facies relationships are represented
in Figure 32. t
Late Lagonda sediment distribution suggests a final regression
of the Cherokee séa. This is represented by swamps and fluvial
channels at West Welch (Figﬁre 28),YWest Croweberg (Figure 27), and
ngrence Cemetery (Figu;e 26), and active prograding delt#s at Osage
Cemctefy (Figure 29) and North Arma (Figure 24). Equivalent
sediments depbsited At Neosho River Park were also‘beginninq to |
display characteristics of tﬁe deltaic prograaatioﬁal faciés (Figure

23). These facies relationships are illustrated in Figure 33.
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Figure 32: Paleogeographic reconstruction . of midd‘l\e'Lagonda
sedimentation. ‘ :
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riqutc 33: +.. Paleogeographic reconstruction of late Lagbnda
sedimentation. . :
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CONCLUSIONS -

Study of the;clay mineralogy and micropaleontology of the

'TLagonda interval has led to the following statements concerning the

depositional environments of the Lagonda interval:

1)

2)

'3)

4)

High illite crystallinity values, low kaolinite
percentages, low mixed layer clay percentages, and high

total mud percentages reflect slow sedimentation in an area

_removed from terrestrial influences; e.g. a prodeltaic mud

facies.

.Highrkéolinite percentages, ﬁbderate to high mixed layer
clay percentages,“low total mud percentages, and fluvial
eharacteristics on outcrop tefleci ripid sgdimentation in
an area in close contact with continental influences; e.g.
a shqreline-éoastal,~swampy diktributary stream

environment.

Gradational changes in a vertical sequence in clay

mingralogical parameters from‘chﬁracteristics of prodeltaic
muds to characteristics of shoreline-~coastal enQironments
suggests deltaic prégradation.through time.

High illite crystallinity values anc high mixed layer clay
percentages reflect rapid sedimentation of unweathered

source rocks.
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5) Pulses of sediment influx Suggesting higher flow velocities
of fluvial streams can be reéognized;by abrubt fluctuations
in total mud percentages and mixed layer clay‘peréentages.

6) Where paleontologic data is available, well-preserved
specimens of mofe diverse faunal assemblages suggest
prodeltaic mud facies. Decréasing diversities and
abundances, and poorer‘preservation of specimens suggest
the more fluctuating turbid and eurytopic environﬁents

related to deltaic progradation.
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APPENDIX ‘A

SEDIMENTOLOGY DATA FOR

PROCESSED SHALES
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APPENDIX B

ILLITE CRYSTALLINITY INDEXES

OF OUTCROP SAMPLES
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Illite Crystallinity
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Illite Crystallinity
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Illite Crystallinity
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APPENDIX C -

SEMIQUANTITATIVE CLAY PERCENTAGES
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sIllite sChlorite \Kaolinite‘ SMixed layer

West Croweburg

WC-4 59.8 2.8 4.0 28.0
WwC~-5 : 28.3 0.0 '24.1 47.6
WC-6 64.8 8.5 7.7 19.0
wC-7 46.9 33.8 18.6 0.7
wc-8 22.0 26.4 14.2 37.4
wC-9 - 28.2 ' 0.0 55.7 16.0
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Approx. Depth
-Below Excello

Well Shale Location
. H-8 50-55 W4 Ey SE% Sec 13,T21S,R20E, Anderson Co.,Ks.
"~ RB~20 50-55 SW4% Sec 13,T21S,R20E, Anderson Co.,Ks.
T J=-22 - 45=50 SW% Sec 13,T21S,R20E, Anderson Co.,Ks.
- 1-36 ? NE%X SE% Sec 14,T21S,R20E, Anderson Co.,Ks.
H-B 2 . SW4 NEY% SEY% Sec 14,T21S,R20E,

e Anderson Co.,Ks.
M.C. Colt 18a0 o o
Keown : ? . Sec 22,T23S,R18E, Allen Co.,Ks.
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