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The Eudora Shale Member of the Stanton Formation has been interpreted as a
Lypical deep water, anoxic shale Tithofacies belonging to a classic Missourian
megacyclothem (Heckel, 1977, Heckel and Baesemann, 1972, Boardman et 21,
1983). Based on current models, the Eudora Shale represents the maximum
position of transgression and depth developed during Stanton deposition. The
Eudora Member is characterized by black, phosphate-rich, figsile shales
interpreted as being deposited helow an anox1c anoxic houndary, and is bounded
by dark to medium gray shales interpreted as being deposited in a dysaerobic
zone above the anoxic bottom conditions (Heckel, 1977 and 1984). According to
current thinking, the fauna enclosed in the Eudora should consist primarily of
pelagic forms such as fish and cephalopods, ubiguitous assemblages of
typical deep water conodonts, This deeper water faunz is replaced vertically
by a more normal marine benthos contained within basal and upper gray shale
lithofacies. These gray shales have been inferred to reprecent the initial
phases of cyclothem transgression and regression.

Over five Eudora sections were measured and sampled at various locations
in northeast and east central Kansas (Figure 1 and Appendix 1). The purpose of
this investigation is to test the overall validity of the cyclothem model
generalized above, and to a certain extent test the validity of layer-cake
Kansas stratigraphy in general.  This report pertaing specifically on the
palececolegy and taphonomy of non-productid brachiopods collected from the
measured sections, and deals with their relationship with the overall
lithefacies and stratigraphic distribution of the Eudora Shale. Al

interpretations are based on the authors measured sections and observations
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Consequently no measured 5ections of the Kill Lreek and upper shales at the

Lizard quarry will be found In the appendix.

STRATIGRAPHY AND LITHCFACIES

Although a full account of the nomenclatural and stratigraphic history of
the Eudora Shale is beyond the scope of this report, the reader is referred to
Condra, 1930; Moore, 1936 and 1949; and Heckel, 1984 for an overall historical
view. Regionally the Eudora Shale 1s one of five members beionging to the

Stanton Formation of the Lansing Group, Upper Mis

U)

urian age, which crops out
along a north by northeast trending belt throughout eastern Kansas (Figure 1),
The Eudora is conformably bounded above and below by the Stoner Limestone
and Captain Creek Limestone members respectively. Sections measured in the
field course fall into two, broad paleogeographic facies zones as defined by
Heckel (1975). The Eudora at Edgerton, Fogel and Kill Creek occur within an
inferred open marine facies belt, and the Eudora measured at the Lizard and
McAdams Quarries fall in Heckel's algal mound facies belt. Analysis of the f
measured sections indicates that four lithostratigraphic units can be discerned
in the Eudora based on varying faunal and sedimentological characteristics

exhibited between the units (Appendix 1, Section Descriptions; and Figure 2;

Phosphatic Shale Lithoracies

This lithofacies is represented by bed numbers 4, 2 and 1 at the Edgerton,
Lizard and Fogel localities respectively (see Appendix 1), and is conspicucusiy
53ing at the McAdams and Kill Creek sites. Where 1t 15 present, this

lithofacies 1s characterized by laminated, phosphatic-rich, black fissile shale.



Phosphate occurs as nodules or as thin discontinuous laminae. Faunally, the
lithofacies encloses a well preserved pelagic or po3sibly thanatocoenetic
assemblage esented by Tish remains, conodonts, shrimp, cephalopods and
conularids. This lithofacies represents the classic anoxic portion of Heckel's

(1977) cyclothem model.

Dark Gray Shale Lithofacies

This lithofacies 1s represented by bed numbers 7 and 8a at Edgerton, 3 and 3
at Fogel, the upper 10 cm of bed 2 at the Lizard quarry, and bed 2 at McAdams
{see Appendix 1). Lithologically it 1s ablack to very dark gray, pyritic to
sligntly phosphatic, thin-bedded to thickly laminated, well indurated shale.

Pyrite occurs as distinct nodules or as fine disseminations repiacing sheli
material. Phosphate is rare in the lithofacies except in bed 3 of the Fogel
section, where it occurs as discontinuous, very thin iaminations. Enclosed
fauna are the same as that found in the phosphatic shale lithofacies described
above, except for the occurrence of numerous orbiculoid and lingula
Inarticulate brachiopods, and occasional articulates represented by /eeké//a
S0 and Auestedia mormons (Table 2). Traces of Chandrites sp and  Joaphycus
50 are common in this lithofacies at the Lizard, Fogel and Edgerton localities.
Previous interpretations of this lithofacies is one of a dvsaerobic environm
of deposition, becoming increasingly aerobic toward the top of the lithoracies

(Heckel, 1977). Field observations tend to support this interpretation.

Silty Calcareous Gray Shale Lithofacies
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This lithofacies 15 represented by bed numbers 3, 5 and & at Edgerton, 2 and
4 at Fogel, bed 1 at Lizard, and the basal 6 cm at Kill Creek (see Appendix 1).
Lithologically the shale is medium gray, poorly indurated, slightly silty and
calcareous. Fissility is generally well deveioped, especially in weathered
sections, but a blocky bedding character 15 aiso exhibited in specific horizons
(Fogel bed 2). Faunally the shale is variable, ranging from a total absence of
calcareous macrofossils, toa fairly diverse assemblage consisting of numerous
species of inarticulate and small articulate brachiopods, and bryozoans. where
a calcareous fauna 1s absent, numerous Chonarites sp. and 7 Planolitées so
purrows occur (Fogel beds 2 and 4). The presence of caicite also suggests that
a caicareous fauna may have been present, but has subsequently been dissolved
by diagenetic events. Although no moldic preservation was noted in this
lithofacies at Edgerton and Fogel, the presence of calcite in these shales
suggests that a calcareous fauna may have been present at one time, although
not to the abundances observed in the Kill Creek and Lizard examples. This 15
specuiative, and it may be that the Edgerton and Fogel representatives of this
iithofacies are indeed different from those seen at Kiil Creek and Lizard.
However, sampling biases precludes a more definitive answer than to say that

the shales of this lithofacies are lithologically the same at all locations.

Calcareous Clay Shale Lithotacies

This lithofacies is represented by bed numbers &b and 8¢ at Edgerton, ait of
the McAdams shales, bed 3 and the upper shale units at Lizard, the upper 6 cm
at Kill Creek, and bed 6 at Fogel. The lithofacies 15 typically clay-rich, blocky
bedded, medium gray to grayish brown in color, and caicareous. Differentiation

between this lithofacies and the silty calcareous shale lithofacies is the



absence of terrigenous material and the high abundance and diversity of the
enclosed brachiopod fauna. (Tables 1 and 2). Depending on its stratigraphic
location, this lithofacies signifies the mitiation or cessation of normal marine
conditions within the basic cyclothem model.

STRATIGRAPHIC DISTRIBUTION OF LITHOFACIES

Superficially, the distributions and thicknesses of the individual
lithostratigraphic units seem to be influenced by the palecgeographic facies
belts. Amore definitive answer Lo this paleogeographic control will only be
forthcoming with additional field work. Figure 2 is a lithostratigraphic cross
section of the individual shale lithofacies. The figure is seif-explanatory, so
no elaboration needs to be made, except that the interpretations represented by
the section are based on my own section measurements. | am sure that these
interpretations will change as individual group sections become more complete.
|t should also be noted that the section is hung on the occurrence of the first
major limestone bed encountered above the Captain Creek Member. Whether
this himestone represents the start of Stoner deposition 1s still a matter of
conjecture, and will not be resolved in the confines of this paper.

Using the first limestone as a datum did two things: 1), it piaced the
thickest section of phosphatic shale seen at Fogel into the deepest and most
sheltered part of the basin; and 2), it took the upper shales at the Lizard site
and placed them as stratigraphically high in the section as possible (see Tabie
¥ for an explanation). {f Heckel's facies belts are correct, then the Captain
Creek Member should have been a palectopographic high during Eudora
deposition, due to algal mound build-ups. This seems to be the case based on

my interpretations



One interesting feature of this section 15105 support of the Sagemans
al., (1991) black shale model. {f time lines are drawn parallel to the datum
piane of the cross section, they will Taterally intersect shaies representing
varying degrees of oxygenation. tmpling a lateral as well as a vertical
gradation from anaerobic to dysaerobic-exaerobic to aerobic bottom conditions
(compare facies correlation at the Lizard quarry with figure 6 in Sageman et
al, 1991). The lateral sequences are characterized by initial phosphatic shale
containing no normal marine benthic organisms, grading into a dysaerobic
environment containing numerous chonarites burrews and a small shelly
brachiopod fauna, which in turn grades into aerobic bottom conditions
supporting a normal marine faunal assembiage. This interpretation of the
Eudora is pure conjecture based on the limited amount of collected data, and is
strongly dependent on how one correlates the individual lithofacies between
each section. Yet based on the present level of completeness, a strong
argument can be made favoring Sageman's interpretation of black shale

deposition.

BRACHIOPOD PALEOECOLOGY AND TAPHONOMY

This section of the report deals specifically on the coliected non-productid
brachiopod occurrences in the Eudora and probable lower shale horizons of the
Stoner Limestone Member. The majority of the enclosed information was
obtained through bulk processing of shale samples taken from the GPS sections
at the various outcrop locations, and provides the basis of the interpretations
found in the general paleoecology section (Table 1) It should be noted that for
ease of text referral, sampies of shale horizons in Table 1 are designated by

&

TDS bed numbers and not by their actual corresponding GPS section numbers.
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Table L}‘Iw Multiple comparison of faunal abundance means of shale samples from table 1.

Up. part 7 Low part ¥ BedS Bed Bed 2 Edgerton  Lizard
Upper part of bed ¥
Lovwrerr part of bed 7 11
Eed 5 55 7.5
[

) 10.5% ars

Bed 2 10043 017 2
Fdgerton 07 a3 12 g7
4

Lizard 36.5 255
KA Creek a6 39.6
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39.8 48.42 141
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Table reprezents a comparative analysis between abundance mean values of the eight shale samples intable 1,
Murmbers represent the mean difference between the two shales that are being corapared. An MSD nurmber qreater
greater than or equal to 28.071 is significant at an alpha rejection of 0.05 Cbold typed . This indicates that the
ghales at the Lizard quarry and at K31 Creel ave different from rost of the other shales in terms of faunal abundance,



Float and select sample collection provided the bulk of information on
brachiopod taphonomy. Although data is far from compiete, an approximate
idea of the brachiopod paleoecology during Eudora sedimentation can be

gleamed.

General Paleoecology

Seventeen non-productid brachiopod genera and at least as many species are
represented in the Eudora and Stoner shales (Tables 1 and 2). Approximately 35
percent of the genera are represented by the spirifers with a functional
pediclie. The second dominant group is represented by the strophomenids
(Meekella, Derbyia and Schuchertel/a), which had the ability to cemented
their pedicle valves to a hard substratum. Only the chonetids and we//ere//a
represent probable free-living forms. [t is interesting to note that both of the
free-living genera reach their highest abundances in the basal portions of the
Eudora Shale, and steadily decline in numbers up-section (see McAdams faunal
content in table ). Areverse trend is seen for the larger pedicle-types like
Neospirirer and Composita, which increase in numbers up-section. This couid
indicate a lack of firm substrates at the start of Eudora deposition favorable to
free-living forms. As deposition continued, concentration of shell material on
the substratum would have provided hard-ground surfaces, allowing increased
colonization by pedicle-types. If this is indeed the case, then the shale sample
from the lower portion of bed 7 at McAdams becomes significant, based on the
noticeable increase of abundance in free-living forms, accompanied by a slight
decrease in abundance in pedicle-types ( Composits). This could suggest that a
change 1n the rate of shale deposition occurred above bed 6 at McAdams,

creating softer substrates favorable for the free-living brachiopods.



Figure 3 -Eudora communities based on correlation coefficient
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A correlation matrix was run on the faunal abundances tabulated in table

—y

and 1s 1llustrated in table 3. The faunal list for Fogel was left out of the
matrix because the data illustrated in table 2 represents different sampling
technigues than those represented by table 1. The correlation matrix shows
two distinct groups of association, which may represent two community types
common during Eudora deposition. The first community is termed the
Neospirifer-community, and is represented by the large attached brachiopods
Neospirirer, Drejasma and Derbyia (Figure 3). Composita also shows a high
positive correlation with each of the three comrmunity members (especially
with Die/asma), although it was not statistically significant at 5 percent
rejection. The second community is termed the Cruritnvrrs-community (Figure
3. Members include Crurithyris, Hustedia, Punctospirirér and Meexe/la, and
all show a statistically strong positive correlation with each other. The
important feature of these two communities 1s not just the strong positive
correlation between members within a community, but the fairly strong
negative correlation exhibited between the dominant members of the twe
communities. Noteworthy is the disassociation of Aeosprrizer with
Crurithyris and Austeara. Also, 1f the rejection probability 1s decreased to
between -.300 and -.400, then all members of each community are
disassociated from each other (Figure 3).

Forms in the Crurithvris-community tend to be smatll, punctate or
psuedopunctate and probably had a functional pedicle. The punctate shell
structure and small size would be beneficial for respiration in slightly anoxic
environments (Alexander, 1977, Fursich and Hurst, 1974). This is supported by
the common occurrence of this community in the basal Eudora beds at Edgerton,
and basal shale units at Kill Creek. The dominant members from the

Neospirifer-community tenc to be large, and non-punctate. Jse/asma seems t



contradict this statement, being a punctate form and rather small compared to
Neospirirer and Composita. |t may be that because Jrelasma had a fairly
simple terebratuliform loop (implying a simple, inefficient lophophore), it

would be excluded from low oxygen environments (Muir-wood et al,, 1363).

Paleoecology of Specific Taxa

Much can be inferred of the paleocecology of the specific taxa collected form
the Eudora shales. Unfortunately the data base is limited and narrow Tor any
firm conclusions. So interpretations presented in this section should be
viewed with a grain of salt.

Some mention has already been made concerning the chonetids, and to their
possible exclusion in firm or hard substrate environments. interestingly there
exists a fairly high negative correlation between Composita and the chonetids
which may support this hypothesis (Figure 3). Obviously specifics will only gel
into a coherent form with additional sampling and bulk processing of the
shales. This may also indicate a third community type dominated by free-living
articulates.

One of the more interesting disassociations is that observed between
Meekella and Derdyia. Both represent genera belonging to the same
superfamily (Davidsoniacea)l, and potentially represent genera with the same
habitat and niche requirements. Superficially they do, in that they attach to
hard surfaces by their pedicie valves with the aid of byssai fibers (West,
1977). Consequently, one could conclude that both genera would occur together
inrelatively equal frequencies. This is not the case for the Eudora shales.
Although there was no direct negative correlation between the two genera,

there is a conspicuous non-association between the two communities they



frequent {gullty by association?) (Table 3 and Figure 3). The reasons for this
apparent disassociation may be due to; 1), differing juvenile recruitment
strategies and modes of life; and 2), differences in shell morphology. As a
juvenile, Meekel/a does have a functional pedicle that is Jatter replaced by
cementation of the pedicle valve in the adult stage (West, 1977). Evidence
from epibiont counts of Aeaspirizer and Compesita suggests that Jerdiia
cements itself to a hard substrate immediately at spatfall (Figure 4). | found
no examples of Meeke//a attached to any of the large brachiopods, as was the
case for Derbwia. This could indicate that /eeke//z 15 not as selective about
substrate type as Jerbyra seems to be, and would explain Megkel//a's presence
and Derbyia's absence at the Fogel quarry (Table 2). /eeke//a also possesses a
strongly plicate sheli morphology compared to Jerdvia. One of the inferred
advantages in having a strongly plicated shell is to increase the opening
" between the valves with a reduced gape, allowing for efficient respiration and
feeding in otherwise low oxygen or highly terrigenous environments (Rudwick,
1964; Fursich and Hurst, 1974). Consequently, /eexe//a is better adapted to

Eudora facies exhibiting these environmental traits (ie., Fogel and Kill Creek).
Taphonomy

The anaiyses presented in this section are based on float ahd select sampie
coilections at the McAdams and Lizard sites. Specific taxa, namely Agospiriver
and Composita exhibited the greatest degree of taphonomic effects (crushing,
encrustation) compared to the other genera present, either due to their
ubiquitous at the sample sites, their comparatively large size, or both
Consequently, the bulk of the interpretations were derived from examination of

these two genera

10
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Figures 4 through 9 summarize the findings of epibiont types and their
relative numbers attached to the respective genera. Epibionts were divided
into four main groups; 1), bryozoans, 2}, borings, 3), brachiopods, which include
?Crania sp, Derbyia sp.and juvenile productids referable to Léptalosia ovalls
of Condra and Dunbar (1932), and 4), Sw/irordis sp tubes. The purpose of the
counts was three-fold: 1), to aid in the understanding of the life habits of
Neaspiriter and Composita; 2), 1o provide some clues as to the amount of
transport that was undergone by the Eudora taxa; and 3J, to provide some clue
to the rate of deposition of the enclosing shales.

The more interesting results were obtained from epibiont counts on
Composita. All encrusters and borings show a high degree of segregation
relative to valve type, in that the pedicle valve of Camposita is frequently
more encrusted than the brachial valve. This is most likely the of the life
position of Caemposita, which rests with the brachial valve down and sheltered
by the substrate, while the pedicle valve remained exposed to potential
epibiont attachment. Suggesting that Composita was not flipped over or rolled
around by currents and exposing the brachial valve to the encrusters. Nor was
composita exposed on the substrate for any length of time after death. This
suggests that sedimentation was fast and episodic at the McAdams and Lizard
sites. This is contrary to the slow and continuous deposition characteristic of
deep basins. Interestingly, a few of the McAdams' Camposita show evidence of
post-crushing encrustation. More work needs to be done, but if crushing is due
to sediment compaction it would indicate that severe episodic erosional and
depositional events occurred during Eudora time. it would also make it
possible to determine the amount of sediment was eroded to expose the shells,
given that crushing was due to compaction alone, and not to predation.

Surprisingly, the number of encrusted Composita relative 1o non-encrusted
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ub'/’ff/é%“f[&? was the sam
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at the McAdams and Lizard locations, with 42 percent
of the collected Camposita exhibiting the same degree of epibiont attachment
at both sites.

Examination of the degree of crushing of shells at both sites did reveal
marked differences, in that the Lizard Composita exhibited very little post-

depositional crushing compared to the McAdams site. Suggesting that the

majority of the float specimens collected at the Lizard quarry weathered out of

the overlying limestone rather than from the shale lithologies. This conclusion
1S supported by the select samples of the measured shales, as all Composiia
collected out of the Lizard shales were crushed flat.

Neospiriter showed little differentiation of valve encrusters, with
approximately an equal frequency of epibionts occurring on both the pedicle and
brachial valves. Again this is largely due to Meosp/rirer's mode of life, as the
genus tends to rest on the interarea rather than on one particular valve.
Consequently, one should expect encrustation to be equally distributed between
the two valves, Of particular interest is the distribution of borings on
Neospirirer. Given the thin nature of the shell along the commissure, one
would expect fewer signs of boring along the anterior margin compared to the
thicker portions of the shell located proximal to the cardinal extremities. This
is not the case. A casual view of figure D shows an equal to greater number of
borings in the anterior quadrants (1-3) relative to the posterior guadrants (4-
6) of Meospirirer. One could infer that the borers were taking advantage of the
respiratory and feeding currents produced by AMeospirirer. if this is true, it
invokes some interesting problems concerning recent views by some
paleontologists that brachiopods were passive filterers, and did not use the

lophophore to create it's own current. If brachiopods were passive filterers,

12



13

then what was the advantage for the borers in positioning themselves
immediately along the commissure?

The degree of crushing in Measpirirer from both localities were the same as
that noted for Composiza, indicating that the majority of the Lizard floal was

weathering out of the overlying limestone.

CONCLUSIONS

Clearly the Eudora deposystem represents a more complex
paleoenvironmental problem than current cyclothem models imply. Evidence for
normal marine conditions during select intervals of Eudora deposition is
apparent due to the abundance and diversity of the enclosed brachiopod fauna.
This is particularly true if one includes the upper shales at Lizard and McAdams
into the Eudora model. This contradicts current thinking that the Pennsylivanian
black shales represent anoxic to dysaerobic environments alone, and that these
environmental conditions were both constant and continuous throughout kansas.
Evidence for tateral changes from anoxic to aerobic bottom conditions are
present (see correlation between the McAdams and Lizard quarries in figure 2,

and suggests that Sageman’s black shale model may apply to the Eudora.



REFERENCES

ALEXANDER, R R. 1977 Growth morphology and ecology of Paleozoic and
Mesozoic opportunistic species of brachiopods from Idaho-Utah. Journal of
Paleontology, 51(6):1133-1149

BOARDMAN, D. R 11; R H MAPES; T. E. YANCEY; AND J M. MALINKY. 1984 A new
model for the depth-related allogenic community succession within North
American Pennsylvanian cyclothems and implications on the black shale
problem, p. 141-182. /n7 N. J. Hyne (ed.), Limestones of the Mid-continent.
Tulsa Geological Society Special Publication, 2.

CONDRA, G E. 1930 Correlation of the Pennsylvanian beds in the Platte and
Jones Point sections of Nebraska. Nebraska Geolegical Survey Bulletin,
3(2)1-57.

DUNBAR C. 0. AND G. E. CONDRA. 1932. Brachiopoda of the Pennsylvanian System
in Nebraska. Nebraska Geological Survey Bulletin, 2(S).1-367.

FURSICH, F. T., AND J. M. HURST 1974 Environmental factors determining the
distripution of brachiopods. Palaeontology, 17:879-G00.

HECKEL, P. H 1875 Stratigraphy and depositional framework of the Stanton
Formation in southeastern Kansas. Kansas Geological Survey Bulletin,
21045 p.

————— . 1977.0rigin of phosphatic black shale facies in Pennsylvanian
cyclothems of Mid-continent North America American Association of
Petroleum Geologists Bulletin, 61(7):1045-1068.

————— . 1984 Factors in mid-continent Pennsyivanian limestone deposition, p
25-50. /n N. J. Hyne (ed.), Limestones of the Mid-continent. Tulsa
Geological Society Special Publication, 2.

----- , AND J. F. BAESEMANN. 1975, Environmental interpretation of conodont
distribution in Upper Pennsylvanian (Missourian) megacyclothems in eastern
Kansas. American Association of Petroleum Geologists Bulletin, 59(3):486-
509,

MOORE, R. C. 1936. Stratigraphic classification of the Pennsylvanian rocks of
Kansas. Kansas Geological Survey Bulletin, 22:236 p.

————— 1949 Divisions of the Pennsylvanian System in Kansas. Kansas



Geological Survey Bulletin, 83:1-203.

MUIR-WOOD, H. M,; F. G. STEHLI; G. F. ELLIOT; AND K. HATAL 1963 Terebratulida,
p. H728-H864. /n R. C. Moore (ed.), Treatise on tnvertebrate Paleontology,
Part H, Brachiopoda. Geological Society of America and Untversity of Kansas
Press, Lawrence, 927 p.

RUDWICK, M. J. 5. 1964, The function of zigzag defiections in the commissure of
fossil brachicpods. Palaeontology, 7:135-171.

SAGEMAN, B. B.; P. B. WIGNALL; AND E. G. KAUFFMAN. 1991 Biofacies models for
oxygen-deficient facies in epicontinental seas: tool for paleoenvironmental
analysis, p. 542-564 In Einsele et al. (eds.), Cycles and Events in
Stratification. Springer-Veriag, Berlin.

WEST, R R 1977 Life assemblage and substrate of Meeké//a striatocostata
(Cox). Journal of Paleontology, S1(4), 740-749,



APPENDIX 1
DESCRIPTIONS OF MEASURED SECTIONS



L. E : < =
Description: Z20o%a Suars MemesR . Smwrtont Fograrion

o
=z . OuYcRo? ‘ocaTionl: Easz-Gound on(Riref |
o -
o 2 > |oFf £00ERTon RO. AmD K- )0, BETwsens Eopora
- © =
= Q - De soro , Yan~ ” Ve
1= D = = 2 o
&!; o 3, TUi12as. , R 21 E., Joknson CouwTy, KensSas.
1§t
i R |Measoaso 8Y: Des. , Saga MaRcus . amD
MensEa Torm  Sraney . SECTEmBER S 992 .
7
6 8 Torsw- Twwnmtss: ) 81 mereds Scapg: Jem= )0cm
=~ 8b
____l Desc1PTion
- 8o
- £ 2 Teisd~ - -5
Upeass SkBetrnt. TO (itcus Fossiie WAcKESToNE, Recomids Tecgil,
Drsveas. -
Swae Suait SHAARP
Tos [ 5 ki FuDoan Suag MAR: A T . 23 |
Bung Beo 8t 2.0 can Tick  Dadx Yeuowus OanNoE (1D YR 9%) Blocky Clavy
| SeavLE . ABoDANT Poodry PrEssRyE0 Bascuorope (Dseimart Co@UriyaiS,
PuncTosprirea ), DPPEA ConrneT SwARP, LowiR ConracT (RsTATION &b
OVER. J= 3 ca. DisrinieT COLOR, Papdmdey DyE TO UWSATHERING-.
Beo 8D : )0k THICK | Literr Qv Criay (SY72), B Y Cray5halg. Tty
- v} -5 T W Ol %) ;
(e v 25 \ n () ® o
Stat. Lol ConTACT O-RADATIONAL OVER, 2 <
B0 8a. Sed T, Cranvisey Our (10 YY/2) hasinATED Swack . harunAE
x Z- < . £ ) - N, = VDS,
Bowv, 4 oA TIoAS A
Sipit; . ¢ | Cumno-€  2arwgl THan) A yuorowical CHaAnGE
: T N Sw = e
Tos~i0) | ma Tmek (Cenwrgansy BEcoming THEEEQ Towsld Top). Uppsa Fom wy |
E C 2 4 184PLE
L Susne MoD. INCUASTED. LoweR (amracy ~Tyze UmgUowns Dot TO Tiiaxrn
APPEARS Tn BDE SWARP
Bunws 0 Fisgie - I
Saapre (Trxta2 Towand Based. Lomar Covracr-Tyze Onwaown Duc To
TRArcHANG=. NO MACROFEDIS1S Eu1DBm T .
TOS-100 5

BEOS: 23cm | MED\0M Gray (NS) Craysuars . UppiR Bem Suesriy
CALCMRBIVS kLl DEyCILoPE0 F;.ssn.xt\,l Paam.\,l INDORATED ., STROAC
= N . o 2~ L e 1ML
To B80 b CXCEPT FoR Lack of SWTAWD CotoR CMaNGR. how&R CanThT

SUARP. Roa0coT ReEnwek B om ARovE Boaf of BAIT

—a Ny (=] )
?, % 0 E Ao
A Ld £ 1%} i
Cl- =
| CONOPONTY Comeon TwRouotouwT . FindieiTY Thvos Te B¢ BETTEA in) |
(%] . (7 A b

2 et

Ben 3: 2004 Twiex, , Paox Crany (NA)Ta Caaviavw Bracd (N2 Buocky LA M N ATED
To Thi-Ge00d0 SHME, B E00we AVRAMGES 12 M, wEAKLY INOVRATED

ﬁ_\..‘g&t‘-; NWAVY. Taiad bawaaTs0 Re00W0- Mmo&E Common )y 22268,
Hepd OB UmIT.

T S

3 ~ = codi,

Type. umknowal Ove To TREAM MING-

. Vi A~ X N

CARTAIN QREEE. MEMBER. SHWAAP (BoT INT-AVAYA

23 ugrees

r——l

K-10

A\ A _NGasuss0
MEasuRED SecTon

Eogtriol] R0,




Sample No.

ft

Scale

12—

Bowe F

Secac
WW
5;—-\91

IS

Seuter/

Tos

TOoS

Bed No.

eASURED Se M

Coonry, Yansas.
s

[~} E i S

Me ¢ D
g2 1\, 1992
Torar Taicxness: 2, 22 METERS ; Scacg: Jem=20cm,

DescRIPTION

MEMBEL, 1S SHaARP -

DoRs Swacst Memace: Torme Thickness 2.22 METERS
: e CA
= 9, e
Flowt A-4 rpm THe ! ot conynias Poegiy PAESEARVED Fauvos (rmissi)
2, J J =7 1 A
s X

Ot NI S . o)  ConniTICT S (rRAODATONAL OVER 2 st s/
Ynnr S

L, Ru Scm & CALLARSOS |
Drccaty Susch, [ Yo VaRIBS Frow S ~20 witd Shhikh MOD- /NOWBRMIRO

L — 2 VA
U-’nn S CONTAMNGE »'-A,a..f D1uBRSE Faorih ¢ 4ASACTERIZED Ry baul
S 2 [v] o
| ivaencioxars BaaciioPans. NinloR. PROOUCTIO ang NEOSPIRIEER (T), |

AwO MeEwBeiA ALSO occur (ARTiCuLATeES PagTiacty ReLACED

g ). 2, £
INTER VAL, Loit@ CoNTAeT SHaRP.

Beo 4 : 30 cm Tuiek, Maowm (rRay (NS) To Megiom, Dagx. Crpay (NW)
CALCAREAMIS , SuTy Suscs, Pongiy 1mpoRATEQ, a0 i aBet, Fi336/TY L Bashl

> T £ v
V] ‘ Byanows €2).
Buadows ORIENTR.Q AT WARIGUS Ankei&s TO BACCING . Ty2iciiday
hine0 By DLivE To OLiVE CRSEA CoLofaTiond ( Seicmerey OYiOI380

- iy -7 |
Y Oontaws” TapEl AT Ex05 A0 Havl & BuvEiad cow2® , FolIndey
Reoa s sarm¥ Rooyr canrs(f), Lowka cosmracT Siitesriy

INTER caraTEN (avBR 2-Scrm ) To SHa’P

PROSPHATE RCCOAS AS Twiad, DiScamTinols bantunAE (<[ sad Trici).

Naouwal Puns PHATE Oncomaton) . BEOOINCr 2-Srae THICK o] Poogiy
et S 2
SPofADCALLY THAQUGHQUT INTERVAL . BoaRaws Tyoxassy o IENIEO
=T - G - - M 7-1"7' |
r. '~

_&.LMMM lhowER ConNTACT SHAAP.

H -~ L (=
Re 0080 , Pacliy INDORATE0D. REQ0im VARIES [Frea S=/2 aal

=] ridon : P {
Onig woononi (Conorites 7, Pravotirgs 7). Rasau. comoTareT SuamP |
& " A ), w Fi :
A X -
AS T DincorndT i axloUs Am AL Egg.:g NODORESDS  CassAoN A) |
| UPPE@. 10 eA OF INTERQUAL (ST FeOx R0 ow Nogorssd, No macao- |
-} VT CowTae Aein> X ER.

SualP, BuT VNEYEN .




Sample No.

ft

Scale

Tuis formion O F
Eucora SScrionl No T
Exposso ON NorTH
Waa oF S.W. QuarRyY

Bed No.

Description'm.ﬂmﬂmm,

Measoeco Sgcmond LocaTRD on NOATR M WAL
M&uﬁ.ﬁr_&wﬁm%___—m

P2

Tom Stanesy OcTozer, 4. (992

Torar Twiewxaess: ), Fho MeTeRS 5 Scaws: Jom=10cm

Ha

Hb

He

| — —~—] DED A Nor PRESENT ALone- NOQTH WALL oFf Quasdy, See T DS

) 2 2
p—

DsscriPiion

Eupons Suais Memmer : Torar TwicXnESS ). 26 METERS

MeasuRADR Secmont Fam No@THEAST Li3agp Quatly.

BE0 Ha.: ) F e ek, Pare BeownN (TYRI/2Y, WAVY TO IR2 &6 ULARLY
% L WACKE 5 o ¢, '
- A

b ~ (] 3. e
L) .
i A 20 ; 4

RAMOGE beni) FENESTRATE SRYo30ANS, Alankn il S@aE  EncuSTINGS.

Cork Sy TRATED (5 UPPER Soem of Evpmaso VmeT. Top Som o€
DEO MiSIiai0r. LoriBe CanTACT SHARPS Ane Lvénl

The £ /2.) =) JON) S -1
Evgn) ] 2,
g s

% Saim). Rucrase Hogal Copars . 3aaci+inPo0s, AnQ i AND Low -
SpRE0 CASTANPODS, (FNESTAATT Anio Ramose BRyo30An S reAKE-
up % 25 of S 3FO FossreS. Ml Fur Trne RamoSsE
_Bayazoans Ana Rowosa Hoaal CofmiS Sucs A Hirw DizorREE
OF ERalertBaTation, law®R ComTRcT OF QriT /8 S5ci0uTaY
CrRAQATION bie OVER /=2 LA -

=9 e 5
Mg srane . Bep0mice Thian (Bem)  wausy To (RRECCLaR. . TEYICMLLY
5 - -
Vo £, 2 2.l

LowfR ComnTALT SHARPS ANO FUSal

Bep 3¢ SEH Tricx Bw‘*ﬁil&—mw 7

()2 smma Ticw), Poodiny INOURATED . Poodry PassZRuE0 SHELLY Cauna

LowmER ConTacT SHARL ANO EVEN]

Pe02: 42 Toick, Duack (NU, Fiasiee  Punspuanc Suacs, Wil

L
2Can(TIAVOUE harm ATIONS . OR &S VERY Sumis (2~3mm) NOXIES

INDERVA L | YERY Pandicy/ PRESERVED . Ogdicuea1os <
bowiBR (onrahe T, “ouR ConTACT SUaA P

Beo ) : Gem THicd  Racwnisie R CSYR YY), SitetdTid (mieclAREDS A
& / I= -

AT Baef of uNIT. Vady CoeQry IOLSERVE(N Siety Faunib, 7R0BASLY]

ORBICAOIDS  wr/ sdialo&. ABTILOLMTES . | oumbl ( OnNTACT inliTw .

Copgraa Comem LmeoTonE MEmBER. SHARP FoT wAVY.




. - ¥ S
3 Description: fupeta Sune Memde , Sranton Foemanion |
= . MeasurED Secpont TDSa, . Fag, sournessr
Q
o % = |[E SEM,S
g' Q o [LA3S ,RaFS. . Anogzeson Couary  Kauses.
wn
3 @ | Seerien 3 mereas sourw o TDSD , anox 23
ft | m METERS SOuTH OF MEaAsuReQ sgchond TSC.
i ™ s : De , Oara Mragos, ano
Tom Svasiey . Seprempgp 12 J592-. |
6 Toran Tuiexness: ). Y mersas. Scapa: . )eMm= )Ocm
=
-
Stomefe M Memaee. = "
- ¢l = Eaa g
LAY DowiisTE . LOrER ComTACT W/ EuDomn Swacs MamBER, SHMARP (3.
Memaer. Wavy, hacaily CarOMIOVAL OVER V-2 com.
AcE MercRER: v ). 4 TEQS.
-22 WL A o ¥
Urpea
Tos 8
CBuww) i
Seatde Susiiny Faunih Occwl, hOwWER ConTacY oF Bco 8 suard
) BEQ FUGF20cm Tuick . Muowm Gasy (NSY, Hicrdly Fomu FER00S, CLaY
Beo = =1
Csevscr) | STAMNE S TO WG STONES A0S, THALE SiiGeHTY CAMCAREANS VPOER. Tem
VepeR. 7 OF VINIT, Poofiy 1mQURATELD, EX(BITWNG ) ZAK EIAGITY: hAsNaE Rasirg
53?5._; FRom 2+ mm Turcl . FaunA 0f Snlcihnosime S sail. YAGANLE. , (anl=
(3\:\}0 2
Spec) | (Bayojoans PodseRVEQ as mauds anDd ces73), BoacaiamOs NeasomEsR, |
C“Egﬂ!!;ﬁ P!!‘_ggggiééﬁgs HEUSTE QA , anp DaR8yA AQUsDAIT Il
MOOLE e 5 7 2
gy, —RPEAL ST e DecAfhiiie i NumISRE M GRED FAATE 22 S
TOS 6
(3o
ML
Semng
Tos
it s Beob: 1200k m Cramypisn ORAMcE Onk LSYRT/2) Touni~ 7o rain - Ss0pen (4=
N Rerm) ool Eostiie T0 SUSLETAL. WOAC K BSIONESAND CraanSTONES (7).
Stuect - % ON. g,
OF A VARISD Fauait DariNar£ By 2-“Aest bone C0iaustld CObiatod S
(%) - ' 7
EnchoSE0 Foomi.s STAANGSY FQACerg LLARY AND ARRADED. CRini0ild
| OS31CLES CoNSrIruTe MATHR Fadnsle EeldmdniT, wird om0 AnD |
A lo Lay:
A
Bep S b Zb}ﬂ o, MEDIOm, m;&uﬁ)ﬂw_%
o - B e %
Tg"f"' Favanmmey Sis1eaQ To Ben F, ALTHoUwy THERENS A wieHER PRoPORTION OF
(.Mq =3 A Q. 2 . Wow 4
BRYy030MS Domin/srk Swaus, &R0 St P8sER vaTior/ As B3en &
< st S|
S, 7 - X
s Poq < .
MM&&WMM_
s AQ Dot &, N MBQjum -
howaa, = o) = ) .
SRNE S a@ T BEO &, ConSIATING OF MEQOM- BEOOBO (Bor) WACKESTORIES W)/ |
0% = ASOVAL. 3 -v, . u;
x
(Bon) Mwmmmdf_(_gd_
| —AND CORALS., 3 MATERS To NORTH QF THS 3mcTion/, WACKESIONE (rRADES |
| INTO 8 oM TuieK cOinoiht. CofinisiSTOME (SAME A THAT SEQ n B0 G).
Baswi, Bem or Bdo Y <ONIIITI OF AN ARCGIAACLIOUS XL [oaslie
-3 A
= A Ne ar=R =
CorTRe T (rRAOATIONAL. (VER. T, ARGl (Scat in DianEri )
HoR 1 JorThl- Rualouus OF T ualASSINQIDES DCCwh ALosS camTracl |
| Bashi- | Z RarE@s/ Paps J AnD 3. BoRAowS BEFORM S Ml i sAinAE
o) 1 1% ore: Twewness o Se05 REcog08Q v Prmsvrsess ReesfiugwTS )

Thrxallss OF DEO B METER To THE NoRTH of $Ecriions 7TOJa..



o Description: = =
= . Measoego Sgcriant TOSP. Locargo 3 merens |
Q
@ % = |noaTu oe SEcTioa) TDSa., AMD % 20 mMETERS SOUTS QF
% o - < M (=]
@n
a 3 KM‘LS
il B
L |Measurso 3y: Dea , Sars Marcws, Ane
. 12, 19892
6 Toram x ). . : ) T )0e
_Cﬂangmmd aF S€cTian) T PSat
b Msoium Dn o
== % /-
| To Sata Twck, Biacwy WRaTHEL aile. Nus@Rows FENBSTRATE
VPR s, !
~ - = StonNER. 1 s/ =
5-41.5 a NMESTONE.|  SHARP
o] o™ Moeca Beo2: 3.8, Bunce (M), Ruscy B50080, SeittfIhy cacCAREDIS Sppbll .
s =  BeDONC 2 3o M4 Tuick, Exi3i7143C- Poof FASITY . Susl Failiy |
: NELL 10 = LIRS
= =T = | B2p 1: 4.5 o, Brmce (NIY To Cotayinp Brack (N2, vEey SRGuL LIS |
"'—___ — ~ 8 < 4 s
e R | BE0 AvERME Y-S THICK SeicedThy whvy, UnT May REPESENT |
A 8 | GRADAMOMAL R TaMA 81 TIOM Al COMTACT BETWEBN FuamAs SHALE |
- -l s el AVD CaPrams Coeug bimeSTOANE MEsdEle
44 B
——— ] To< b € Sb
= > & P ey A o 70
L E==1* * | Fom vAQiATionis oF SEQ Twiexrgssgs. 00|
=\ 4=
38 4 - T
v -
- T % = <
4 1O G | Deo ¥ Bon Tuick: DECREASE NumSSa OF Lim@sTows |NTEERCOS. POAvaudsssT |
Ll ESf ot | NBosPmRIEER. IN UrPER dem of Swach, 0000000000000 |
plia==aa ev = >
— = — X _ AM— COLOpAMLS AMRE D)5 ARTICOSATES.
3 P = ¥ S
L = ¥roo Be0 5 Feome Twick ; 06cREASE NUMBSER OF LimESTOME [NTARALDS
3 as
3 = = BEqY: 32cn Twick ; Ugpeg F-Bca OF 850 cam@esd oF & CAIQIQSL |
= (o RMNSTOVE (D) Simal To OPPER PAAT O UaiT [o
=2 3 & . b 7
b1 x
L( TALLS .
3 ¢
2
5 5
3] H 3
2 h
= v R
LAl Ll LA LI LILLL 282 V040 4
L} l,
Y
r Beos i 3L nerns
3,2, ano _—
1= 1 MosThy -
e Covgae
TSC Ssenond
TOSD Secmions
Neonsw ? T = 3 mgresas
McAoRms Quaasy To3e-: Secrimn




B0 8 0 5 0

EXPLANATION

% Phosphatic black fissile shale {anserobic)
7
Black to dark gray pyritic shale (dyseerebic-aerobic)

Silty calcareous medium gray shale (eerobic-7?)

m Calcareous medium gray clay shale (eerobic)

D Limestone

Svoner Memer EDGERTON

"

LIZARD
[l
[Tt
IAEREN
mﬂum{[ﬂm L

Il

[T e § S
= B 2

|||H||||||H||}ﬂﬂ'lﬂhﬂlmmm
T ¥ : s
3
PRI pI V4 777 ——
Caevan Creeve Mae,
B0 { ra C*r__,_l
Q60 J 2 —t
40 : z ==
a2a i — ,
T
b ==
Kilometers £ FACIES DISTRIBUTIOR WITHIN THE EUDORA SHALE MEMBER

Horizontal Scals: fem = Tkm
Yerticel Scele: tem = 206m

Vertical Exaggerstion: xS000

OF THE STANTOR FORMATION

Datum is Tirst significant limestone bed above the Captain Creek

Capran CRerw Mar..

Y Tuooy



	img20231219_09515070
	img20231219_09521751
	img20231219_09515070
	img20231219_09533434
	img20231219_09542116

