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INTRODUCTION

Purpose of Study

This study examines fossil assemblages, stratigraphy, and deposition-
al environments of the Crouse Limestone in north central Kansas, focusing
particularly on lateral and vertical changes. The Crouse Limestone was
chosen because (1) a previcus study (West, et al., 1972) had proposed a
depositional model for the Crouse, (2) sections N and O (fig. 1) in the
northern part of the area did not fit the proposed model, (3) important
new information was available at section Q in the southwest part of the
area, and (L) it enabled me to apply my interests in palaeobiology, car-
bonate petrology, stratigraphy, and field geology. BExamination of sections
N, 0, and Q along with other ocutcrops in this area was undertaken to refine,

expand, and test the proposed depositional model.

Location

Ten measured sections, six roadeuts and four stream exposures, were
studied in detall in an area approximately 50 by 20 miles (fig. 1). Three
additional sections (E, J, and N) were studied in less detail, Parts of
Riley, Ceary, Wabaunsee, Pottawatomie, and Marshall Counties make up the
area which includes the areas studied by Huber (1965) and West, et al.
(1972). In addition to outercps, I was fortunate to have the opportunity
to examine the Crouse Iimestone in a core (fig. 1) taken in 1975 by Amoco
Production Company.

Previous Investigations
Huber (1965) summarized the nomenclatural history of the Crouse Lime-
stone as follows:

The Crouse lLimestone was named by Heald (1917, p. 21-22) from
an exposure at Crouse Hill in the northwest part of the Foraker
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quadrangle in Osage County, Oklahoma, The type locality is

in the northeast quarter of section 23, T29N, R&E, about 2%

miles west of Frankfort, Oklahoma (Condra and Upp, 1931, p. 21).

In 1927 Condra (p. 23L4) named this limestone the Sabetha Lime-

stone and inecluded it as one of three members in the Bigelow

Limestone, The Bigelow consisted, in ascending order, of the

Sabetha Limestone, the Elue Rapids Shale, and the Funston

Limestone, The Bigelow limestone was named for the towm of

Bigelow in Marshall County, Kansas, Later Condra and Upp

(1931, p. 21) discarded the name Sabetha when they found that

it was correlative with the Crouse Iimestone.

In 1941 Jewett (p. 6L-65) proposed dropping the Bigelow as a stratigraphic
term and recognizing the Crouse Limestone, the Elue Raplds Shale, and the
Funston Limestone as three separate formations.

Moore, et al. (1951, p. L6) deseribed the Crouse Limestone in Kansas
as follows:

The formation comprises an upper and lower limestone separated

by a few feet of fossiliferous shale, The upper part displays

platy structure and weathers tan to brown. The limestone beds

locally are flinty., Thickness ranges from about 10 to 18 feet

or more.

The three units described by Moore are recognizable in north central Kansas,
Throughout this report they will be referred to as "lower limestone,”
"middle shale,"™ and "upper limestone."

Elias (1937) was among the first workers to deal with depositional
environments of the Lower Permian rocks in Kansas, He belleved that these
rocks represented cyclic deposits and assigmed relative distances from
shore and absolute water depths to the different biotic and lithologie
assoclations., He suggested that the Crouse Limestone was formed in a
gea that was transgressive and later regressive with water depths ranging
from 60 to 110 feet,

Maodge and Burton (1959) described the Crouse Limestone in Wabaunsee
County, Kansas, adjacent to the study area on the southeast. They recog-
nized three units and noted the abtundance of fossils, some of them marine,

in the lower limestone.



Huber (1965) studied six Crouse Limestone outcrops in north central
Kansas (sections A-F, fig., 1). He believed the lower limestone was de-
posited in shallow, quiet water with low terrigenous influx and low tur-
bulence. The middle shale and upper limestone were interpreted as deposits
of a shallow, low-energy, bracklsh water enviromment. Such an interpret-
ation implies that the Crouse 1s a regressive sequence.

Haber (1965, p. 24-25) described four stratigraphic units in the
Crouse limestone: (1) a lower limestone unit, (2) a middle "shaly" unit,
(3) an upper "platy" unit, and (4) an upper "centorted" unit, In this
report the upper "platy" unit and the upper "contorted" unit are considered
together as the "upper limestone.®

Yest, et al. (1972) examined 1l Crouse Limestone outcrops in the area

(sections 4, B, G, D, E, F, H, I, J, K, L, M, N, and O, fig, 1), They
interpreted the Crouse as a regressive sequence and suggested that the
lower limestone was formed in a shallow subtidal to low intertidal environ-
ment, the middle shale in a middle to high intertidal environment, and the
upper limestone in a high intertidal to supratidal environment. They fur-
ther interpreted the Crouse Iimestone in this area as follows (p. 89):

.ssrepresenting the eastern side of an embayed portion of a

shallow open marine shelf, This lagoon was bounded on the

east and west by the Nemaha and Abilene Antielines respect-

ively, and occuples the Irving Syncline. During Crouse dep-

ogition this lagoon probably gradually decreased in size,

Drying up took place first in the north and northeast and

last in the south and southwest. Such conditions would re-

cord a regressive sequence in rocks deposited during Crouse

time.

Section Q is a roadcut made subsequent to previous investigations.
Preliminary study indicated that this section tended to support the
depositional model. If drying up did indeed take place as suggested by
Vest, et al., the existence of a swamp (represented by a black shale at

section Q) in the southwest part of the area would not be unexpected.



A primary objective of this study was to examine carefully section Q
and nearby outcrops to determine if thls information supports, negates,
or requires refinement of the model.

Marine fossils typical of deeper water were found in the lower lime-
stone at sections N and O and, therefore, these gecf.ims did not support
the proposed model, Another aim of this study was to use careful strat-
igraphic correlation and examination of these and other outerops in the

central and northern parts of the area in an attempt to resolve this dis-

crepancy.

METHODS OF INVESTIGATION

Field Procedure

Reconnaissance.--Early in the investigation a reconnalssance was

made to locate sultable outcrops. Elevations of previously studied
Crouse Limestone cuterops were compared to United States Geologlcal
Survey topographic maps to determine areas of possible Crouse Limestone
outerops, Roads and streams in these areas were then checked, Eight
exposures located in this way (sections R, S, T, U, V, W, X, and Y)
were selected for study aleng with five previocusly known exposures
(sections E, J, N, O, and Q).

Stratigraphic Description,--Zach section was measured and described
(Appendix I and Vest, et al., 1572, p. U6-L9), Thicknesses were measured
to the nearest one-half inch and later converted tc metric units. Color
(according to Goddard, et al., 1963), bedding, fracture, weathering char-
acteristics, vpper and lower contacts, fossils, and other features, such
as bioturbation and sedimentary structures, were noted. Using these char-
acteristics each measured section was divided into homcgeneous units and



each mit was tentatively assigned a rock name.

Sampling,--An effort was made to collect mappable bedding surfaces
from the lower limestone. Such mapping would yield biotic data compar-
able to that collected by West and McMahon (1972) and facilitate lateral
and vertical comparison of the lower limestone., To obtain the degired
surfaces I collected slabs on which weathering ha& exposed and accentuated
the fossils making them visibtle and identifiable. Such slabs were not
always available, especially from outerops where the base of the lower
limestone was covered. Vhen they were available they were seldom found
in place and, therefore, could not be orlented with respect to campass
direction.

Elock and/or bag samples were collected, at least one sample from
eash deseribed unit. More than one sample was collected from units in
which some change in the fossil assemblage and/or lithology was noted.

Stratigraphic Correlation.--Because study of lateral variation in the
Crouse lLimestone was an objective of this study, careful stratigraphic cor-
relation was essential, The uppermost bed of the lower limestone is a dis-
tinctive marker in most parts of the area because it contains abundant gas-
tropods, considerable :Lron oxide, and makes a prominent cutecrop. The platy
upper limestone is also distinctive. At sections N and O, however, the Cromse
Limestone does not have these characteristics. This has led to erroneous
stratigraphic correlation and considerable confusion regarding these two
sections, At these localities a one- to three-foot thick limestone bed in
the underlying Easly Creek Shale was & useful marker. This bed also makes
a prominent outerop and contains marine fossils, particularly ectoprocts
and brachiopods, in the upper part; intraclasts occur locally in the lower
part., This limestone bed was previously comsidered the lower Crouse Lime-

stone, but examination of other cutcrops, especially section X, helped



determine its proper stratigraphic position.

Laboratory Procedure
CGeneral Statement.,--Each sample was examined using appropriate palae-
ontologic and petrologic techmiques (fig. 2).

Washed Residue Examination,.--Argillacecus (bag) samples were dis-
aggregated and examined for microfossil contents The procedure followed
was the standard kerosene method deseribed by Scott (1973, pe 9). This
techmique worked reasonably well on most samples, but some calcarsous
samples did not disaggregate well. To facilitate microscoplic examinationm,
disaggregated residues were sieved through 10 mesh (-1.0 phi), 18 mesh
(0.0 phi), 35 mesh (1,0 phi), and 60 mesh (2,0 phi) sieves. This procedure
was used to determine the types of microfossils (Appendix IT) and the data
were not quantified,

Bedding Surface Study.--Bedding surfaces from the lower limestone
(fig. 3) were mapped using a techmique similar to one described by Yarrow
(1974). A cne-eighth inch thick piece of plexiglas was laid on top of the
surface and ocutlines of the fossils traced using grease pencils and rapid-
ograph. Each map was transferred to a sheet of paper for permanence (Ap~
pendix ITII) and the plexiglas wiped clean with soft tissue paper and water.
During mapping the following information was recorded for each fossil (Ap-
pendix III): (1) type of fossil (to gemus if pessible), (2) type of pre-
servation, (3) direction of concavity (i.e. concave up or concave down),
(L) articulated or disarticulated, (5) if disarticulated, which valve
(1.e. right or left), (6) fragmentation, and (7) presence of attached
epizoans, Length of Permophorus cf. P. subcumeatus shells was measured
to the nearest millimeter, Size measurements were not made on other taxa

because visual inspection of the surfaces indicated that whole specimens
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Figure 3.

Typical Bedding Surface from
the Lower Crouse Limestone
(bedding surface CR-1+)



10

of other taxa were lacking on many surfaces.
Thin Section Study.--Ninety-nine thin sectlons were made using a

Hillquist thin section machine and Petropoxy 154 cement, 411 thin sec-
tions were examined with a petrographic microscope, briefly described,

and any noteworthy features recorded. Following the method of Folk (1962},
a rock name designating both grain size and cmpo?itim was assigned to
each thin section (g.g. medium calcarenite: immature recrystallized gas-
tropod biomicrite) and is listed in Appendix IV.

' Ten thin sections were selected to be point counted, Four were
chosen to represent the different rock types and the other six to pro-
vide data for lateral and vertical comparison. Using the method described
by Chayes (1549) approximately 1400 points were counted in an area 26 mm.
by 19 mm. (1" x 3/4") on each slide (4ppendix V).

Insoluble Residue Anslysis.--Fleld observations showed that the en-
tire formation was calcareous. Therefore, it was desirable to determine
the weight percent insoluble residue,

Approximately one gram of ecrushed and dried sample was welghed to
the nearest 0.0001 gram and placed in a beaker of known weight, Three
percent hydrochloric acid was added slowly, allewing effervescence to
diminish before adding more acid, After the reaction had ceased more
acld was added and the sample was allowed to stand for several hours with
periodic stirring, After washing and centrifuging (at least three times)
~ to remove the acid, the residues were dried at 90°C, The residues and
beakers were weighed and the weight percent inscluble residue csleculated
(Appendix VI).

The amount of organic carbon was determined for three samples of black
shale and gray mudstone from section Q. The procedure followed is a2 mod-
ification of one described by Yarrow (197L). A known weight (between one



"

and two grams) of insoluble residue was placed in a beaker and covered
with distilled water before 30 percent hydrogen peroxide was added. Hy:
drogen peroxide was added in 10 to 15 milliliter increments and the reace-
tion allowed to diminish before adding more hydrogen peroxide, Beakers
were placed in a drying oven at a temperature of 80°C to remove excess
water and increase the reaction rate., Vhen the samples were evaporated
to dryness the process was repeated until no reactlon occurred when hy-
drogen peroxide was added., The samples were then washed with distilled
water until the pH was 6.5 to 7.0, oven dried, weighed, and percent weight
loss calculated.

Z-rgy Diffraction Analvsis.--Samples were crushed and dry sleved

through 2 230 mesh (4.0 phi) sieve. The fine fraction was retained and
used for X-ray diffraction analysis., Random powder mounts of each sample
were prepared and rm from O - 62 degrees two theta. The positions and
heights of the prinecipal peaks of quartz, calecite, and dolomite were re-

corded (Appendix VII).

GECLOGIC SETTING

Structure

The positions of the major structural features in the area (Nemsha
Anticline, Abilene Anticline, and Irving Syncline) are in Figure 1 (Shen-
kel, 1959; Chelikowsky, 1972). All Crouse Limestone sections examined
in this study except one (section 0) are on the eastern flank of the
Irving Syneline with the Nemaha Anticline to the east and the Abilene
Anticline to the west. OSection O is on the Abilene Anticline. Three
sections examined by West, et al. (1972) are either on the Nemaha Anti-

cline (sections H and I) or east of its axis (section L). The Irving



Syncline is asymmetrical and plunges southward along with the Abllene

Anticline, Neither feature ecan be traced south of Ablilene,

Stratiéraphy

The Crouse Limestone is one of 1L formations in the Council Grove
Group, Gearyan Stage, Lower Permian Series, Permian System (fig. L).

It is above the Easly Creek Shale and is overlain by the Hlue Rapids
Shale. Both formations contain reddish shale representing very shallow,
intermittently exposed or emergent enviromments (Elias, 1937; Russell,
1977)« A six- to seven-foot thick bed of mm' occurs in the Easly
Creek Shale near section O,

The Crouse Iimestone in Kansas can be divided into three distinet
mits: an upper and lower limestone separated by a middle shale (Zeller,
1968, p. L7).

The lower Limestone is "slabby" at the base to massive near the
top. In northern and central Kansas molluscs dominate the fossil assem=-
blage (West and McMahon, 1972), but in southern Kansas the alga Ottonosia
is a conspicuous component (Bayne, 1962).

The middle shale in northern Kansas is really an argillaceous lime-
stone because it contains more than £ifty percent carbonate (Huber, 1965).
In northern Kansas the fossil assemblage consists of ostracodes and foram-
inifers, but in central Kansas brachiopods, ectoprocts, and echinoderms
occur (Mudge and Burton, 19593 O'Conner, 1953). In the scuthern part of
the state the middle "shale" is a dense, locally cherty limestone {Bayne,
1962, p. L6).

The upper limestone is platy across the state. Algae and molluscs
are in this it in central Kansas (O!'Conner, 1953). Previous workers

in northern Kansas (Huber, 1965; West, et al., 1972) have reported

12
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ostracodes, foraminifers, algae, and blvdlves from the upper limestone.
In north central Kansas the Crouse Limestone averages 3.58 meters
(11.8 feet) thick, It ranges fram 2.22 meters (7.3 feet) at section N
to L.417 meters (14.7 feet) at sections S and T and, in general, thickens
southward. The lower limestone averages 0.77 meters (2.5 feet) thick
and ranges from 0.23 meters (0.8 feet) at section X to 1.21 meters (4.0
feet) at section S, The middle shale averages 0.92 meters (3.1 feet)
thick, It is absent at sections H and I (West, et al., 1972), but ranges
up to 1.71 meters (5.6 feet) at section S. The upper limestone averages
1.77 meters (5.8 feet) thick and ranges fram 0,52 meters (1.7 feet) at

gsection O to 2.37 meters (7.8 feet) at section C.

BIOTIC DATA

General Statement

Palaeoecologists are constantly concerned with fossil assemblages
which may not accurately reflect 1life assemblages. In addition to the
effects of transportation there is the problem of preservability. Ac-
cording to Jomsan (196L) less than one organism in three that inhabits
the benthic marine environment is preservahle. Therefore, a fossil assem-
blage usually represents no more than cne-third of the life assemblage.
Often the information is even less representative because of post-mortem
effects of physical and btdological agents not to mentien collecting blases,

The accuracy with which fossil assemblages reflect 1ife assemblages
has been discussed considerably. Most investigators agree that fossil
assemblages are truly representative of the preservable parts of life assem-
blages. However, in terms of trophic structure fossil assemblages are

not necessarily representative of life assemblages (Stanton, 1976) and
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meaningful bioclogical interpretation of relative abtundance data camnot

be made (Johnson, 1965), Consequently, fossil assemblages can be used
only for palaecenvironmental interpretations and, in fact, Warme, et al.
(1976) found death assemblages more useful than life assemblages because
of the removal of "noise," Care must be taken, however, that such inter-
pretations are not based on the trophie stmcture. of fossil assemblages

or relative abundance data, but rather on information such as distribution,
sediment relationships, and interspecific associations (Jolmson, 1965
Stanton, 1976). In this study distribution and environmental tolerances
are emphasized.

The mode of formation of fossil assemblages can be evaluated with
eriteria proposed by Johnson (1960), These criteria were applied to the
bedding surface assemblages of the lower Crouse Iimestone. The following
evidence indicates similarity of the assemblages to Johnson's Model II:
(1) ecologically coherent assemblage, (2) variation in sizes of fossils
(from ostracodes less than 1 mm. long to bivalves more than 30 mm, long),
(3) varying densities of fossils, (L) moderate proportion of fragmented
fossils (average of 20.3 percent for all bedding surfaces), (5) orient-
ation of the long axes of most fossils parallel to bedding, (6) nearly
equal proportions of right and left valves (average of 49.3 percent right
valves for all bedding surfaces), (7) algal coated shells (average of
8.8 percent for all bedding surfaces), and (8) sedimentary rocks consis-
tent with tolerances of orgsnisms and quiet water (carbonate mudstone).
The low proportion of articulated fossils (average of 1.1 percent for
all bedding surfaces) and hydrodynamically stable orientation of most spec-
imens (average of 86.5 percent concave down for all bedding surfaces)
favor Jomson's Model ITI, This evidence implies that same post-mortem
movement of shells probably toock place, bui transportation was not a2 major



16

factor in the formation of the assemblages., Most organisms probably
lived very close to the spot where they were buried.

According to Johnson (1960), fossils in either Model II or Model III
assemblages may show a preferred orientation in response to a prevailing
current direction., Nagle (1967) demonstrated that shells may be oriented
either by currents or by waves and he distinguished between the two types
of orientation patterns. Pearson (1972) studied shell orientation on
some lower Crouse bedding surfaces and concluded that wave action was

the dominant factor responsible for the observed oriemtation.

Washed Residue Examination

Although no quantitative data were obtained from the washed residues,
they were examined and microfossils identified. The following were iden-
tified in samples fram mudstone intervals in the lower limestone: hollinid,
bairdiid, and healdiacean ostracodes, pyramlidellid snails, holothurian scler-
ites, and Earlandia-like foraminifers.

Fossils in samples from the middle shale include hollinid, bairdiid,
and healdiacean ostracodes and the foraminifers Ammodiscus? sp. and ammo-
vertellids, Holothurian sclerites were also observed and a single pmdnc;
tacean brachiopod spine was found at section Y, In additien, Vest, et al.
(1972, p. 86) reported the ostracode Geisina sp. and the foreminifers
Bathysiphon sp., Globivalvulina sp., and Eggerella-like foraminifers from
the middle shale, Huber (1965, p. 3L) reported Tetrataxis sp. fram the same
interval.

No washed residues from the upper limestone were examined.

Bedding Surface Study
According to Demmison and Hay (1967), in order to be 95 percent certain
of detecting a specles of a particular size that occuples two percent or
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more of the sea floor, an area 160 times as large as the area of that species
must be examined, This rule was followed as closely as possible while map=
ping Crouse Iimestone bedding surfaces. The area of the largest individual
on the surface was multiplied by 160 and an area approximately that large
was mapped, The size of some slabs prevented strict adherence to‘this rule.
Mapped areas ranged fram 100 to 565.5 square centimeters, Data obtained
from mapped bedding surfaces were used to calculate diversity and equitabil-
ity and to analyze size distributions of Permophorus cf. P, subcuneatus.
Unidentifiable specimens and fragments that were less than half of the
original specimen were not included in density (mumber of individual) tab-
ulations, For bivalved taxa the number of individuals was considered to

be the same as the greater number of valves. For example, if there were

ten right valves and six left valves, the mumber of individuals would be
ten. Some specimens were broken or partly covered and could not be iden-
tified with respect to right or left valve. Some or a1l unidentifiable
valves were assumed to xﬁatch ummatched right or left valves. If there were
more unidentifiable valves than urmaiched right or left valves, the remaining
unidentifiable valves were assumed to be 50 vercent right valves and 50 per-
cent left valves., Therefore, the mumber of remaining unidentifiable wvalves
was divided by two and the quotient added to the number of matched pairs

to obtain the total (minimum) mumber of individuals,

Diversity
Diversity is often cansidered to be the number of species in a given
area. In this study, however, diversity refers to the Brillouin diversity
index as modified by Lloyd, et al.(1968) and is expressed as:
H = 2(logyol! - X logyeny!)
where H is diversity, N is the total number of individuals with ng individuals
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in the ith species, and ¢ is a scale factor for conversion of logaritim
bases (for this study ¢ = 3.322). Another cammonly used measurement of
diversity is the Shammon diversity index. It was not used in this study
because the samples are not truly random, Every fossil in the population
did not have an equal chance of being included in the sample because some
have been eroded and others are not exposed (j._.g.l collecting biases).

The diversity that was measured is really the diversity that exists on

a very local scale and is in Table 1.

Equitakility

Equitability is a measurement of species svemmess., The distribution
of species is compared to MacArthur's (1957) theoretical distribution
which is about as equitable as can be expected in nature., The equitabil-
ity measurement used (Iloyd and Ghelardi, 196L) is:

E=2
where E is equitability, s is the number of species observed, and s* is
the number of “e;zuitably distributed" species needed to achieve the given
diversity according to MacArthur's model. 'Equita.bilit.y values are in -

Table 1 .

Size Analysis of Permophorus
Length of Permophorus cf, P. subcuneatus was measured on bedding sur-
faces from the lower limestone (Table 2). A more harsh enviromment in
which the organism expended more energy to survive and less to grow is
cne possible cause of smaller size. To determine whether there was any

lateral or vertical change in the size of P. c¢f. P. subcuneatus, t-tests

were used. All possible lateral comparisons between stratigraphically equi-
valent surfaces were made along with vertical comparisons between surfaces
from the same outcrop (Table 3). lateral comparisons reveal no pattem,



Table 1

Diversity and Equitability
of Bedding Surface Assemblages in the Lower Crouse Limestone

Bedding
Surface Number Diversity Eqitability

CQ"B 1 e 7’46 0. 833
CQ-L 0.843 0.500
CQ-s 0. 61 ll 0.500
CR-1 1361 0.667
CR-~1+ 1.628 0.571
CT-1 1.481 0.571

#CU-13 0,790 0.333
CW-1 1.12L 0.750

#0X=1 1.7LL 0.7k
J=1=1 1.47h 0,499

* ecombines areas #1 and #2 at these horizons; see Appendix III.

Table 2

Length of Permophorus cf., P. subcuneatus
on Lower Limestcne Bedding Surfaces

Mumber of Standard

Surface Individuals . Mean (rm.) Deviation
CcQ=-2 L5 12.9M boki7
cQ-3 74 10,32 3.32
Q-4 27 10.4L 2.83
CQ'S 18 7.89 1 .68
CR-1 150 10.7L L.98
CR=1+ 150 11.26 3.5
CT-1 287 11.33 3,30
#CU=-13 126 8.72 2.7h
CW=1 10 11.60 L.62
#CX-1 79 10.77 L.09
Jalat 119 10.05 3.36

# combines areas #1 and #2 at these horizons; see Appendix ITT.



Table 3

Statistical Comparison of Permophorus cf. P. subcuneatus (valve length)
between Bedding Surfaces in the Lower Crouse Limestone

Serfaces Compared t-test Significant F-test Significant

lateral comparisons

Cl:‘l’_1 CI-'I O.5h2 1 .2?
#HFCQ=2 CT-1 2.278 X 1.83 X
#CQ=2 CR~1 2.781 X 1.2
CT-1 #CR-1 1.306 2.27 X
#CU~-13  CQ-5 1.786 2,67 X
#CR-1 J=1=1 1.353 2.19 X
*#0Q-2 J=1=1 3.899 X 1.76 X
#CT=1 JuTw1 3.510 X 1.04
##vertical comparisons
##CQ=2 cQ-3 3.366 X 1.56 X
CQ-3 CQ=4 0.180 1.78
*#CQ=4 CQ=5 3.78¢9 X 2.19 X
#CR-1 CR-1+ 1.040 1.58 X

# sample with larger sized individuals
# sample with larger variance
#¥% Surface listed on the left is lower stratigraphiecally.

Critical ¢+ and F values are dependent on sample size, All tests
for significance were made at the 0,05 alpha level,
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but vertical comparisons indicate an upward decrease in size through the
lower limestone., Field observations suggested that this trend exists
throughout the area,

F-tests were performed to determine whether the variance of Permo-
phorus cf. P, subcuneatus length changed either laterally or vertically
(Table 3). Some lateral comparisons between stratigraphically equivalent
surfaces show significant differences, but no definite trend. Vertical
comparisons, however, show a decrease of the variance upward through the
lower limestone.

Antecology

General Statement.--Autecology is the study of single species, their
interaction with and adaptation to their enviromment (Odum, 1971, p. 6).
The purpose of this investigation was not to explore these relationships
in detail. Nevertheless, a brief examination of the autecology of the diff-
erent taxa alds in the interpretation of the fossil assemblages.

thittaker (1975) listed five trophic levels that make up the links
to most food chains: (1) producer, (2) herbivore, (3) first carnivore,
(L) second carnivore, and (5) third carnivore. Most food chains are con-
giderably more complex because some organisms ocoupy several trophic levels.
Because energy is lost at each step to a higher trophic level, productivity
of each level is much less than that of the level below it. The number
of individuals also decreases upward through most food chains (Whittaker,
1975, p. 215).

In the benthic marine enviromment the relationship of an animal to
the substrate (mode of life) is an important part of its autecology. The
mode of life categories used here were defined by West (1977) and include
(1) epifaunal, animals living an the substrate, (2) epifloral, plants
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living on the substrate, (3) infaunal, animals living in the substrate,
(4) semi-infaunal, animals living with cne half or more of their length
burdied in the substrate, (5) quasi-infaunal, simmlating an infaumal habit
like same productacesn brachiopeds, and (6) nektic, swimming,

Among the first workers to recognize the importance of benthic marine
detritus eaters was Turpaeva (1957). Her picneering methods of trophic
analysis have been applied, with modifications, to ancient cammnities by
several workers (e.g. Walker, 1972; Rhoads, et al., 1972; and Toomey, 1976).

Walker and Bambach (197L) sumarized previous work on feeding in ben-
thic invertebrates and proposed a classification of feeding types. They
emphasized (1) the type of food resource, (2) the location of the food
resource, {3) the organism's food acquisition mechanisms, and (L) resource
gelection by the organism. Table L lists feeding groups defined by Walker
and Bambach that are applicable to this study.

The trophic level, mode of life, and feeding behavior of all organisms
encountered on bedding surfaces, in washed residues, and/or in thin section

are in Table 5.
Agae,--Fhylloid algae and encrusting algae were found in the lower

limestone, Recrystallization of the phylloid algae prevented more specific
identification, Osagla encrusted many fossils, especially bivalves and
phylloid algae. Osagia consists of emerusting algae intergrown with sed-
entary tubiform foraminifers, especially Hedraites (Hembest, 1963). Blue-
green algae are represented by laminar stramatolites in the upper limestone.
A1l algae are epifloral and, of course, primary producers,
Foraminifera.--The encrusting sedentary tubiform foraminifers could
have been either high- or low-level suspension feeders depending on thelr
place of attackhment, Toomey (1976, p. 11) considered them high-level sus:
pension feeders because he found them attached to phylloid algae which
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Table L

Definition of Feeding Groups
(fram Walker and Bambach, 197L)

Feeding Croup Definition

Low-level suspension Remove food from suspension :|.n the

feeders water mass less than 3 mm. above the
bottom

High-level suspension Remove food from suspension in the

feeders water mass more than 3 mm. above the
bottam

Deposit feeders Remove food fram the sediment either
selectively or non-selectively

Browsers Scrape plant material from environ-
mental surfaces or chew or rasp larger
plants

Carniveres Capture live prey

were in growth position, In the Crouse limestone these foraminifers com-
monly encrust bivalve shells, but only after death of the hivalves. Many
bivalve shells are encrusted on both the inside and outside. TFurthermore,
Permophorus cf. P. subeuneatus shells are either encrusted almost entirely
or are free of attached epizoans, If they had been encrusted while living,
only the part of the shell protruding above the sediment-water interface
would have been emcrusted. Instead, P. cf. P. subcuneatus and other bivalves
are completely encrusted which supports coating as a post-mortem event.
Therefore, these foraminifers were attached to the substrate and are con-
sidered low level suspension feeders.

Free-living foraminﬁ'ers are considered epifaunal suspension feeders
and primary consumers (West, 1970; Tocmey, 1976).

Ectoprocta.--A single ramose ectoproet calony was observed in thin
section (sample CQ-l), Ectoproct colonies were epifaunally attached and



Table 5

Autecology of Fossils

Trophic Level Mode of Life Feeding Type
PR-Producer Ep-Epifloral A-Autotroph
P=Primary Consumer Ea-Epifaunal IS-Low-level suspension
S«Secondary Consumer I-Infaunal HS«High-level suspension
T-Tertiary Consumer SeSemi-infaunal D-Deposit feeder
Q=-Quasi-infaunal B-Erowser
N-Nektic C-Carnivore
TROPHIC MODE OF FEEDING
TAXON LEVEL LIFE TIPE
]
Phylloid Algae FR A
Osagia PR Ep A
HKiue-green Stromatolitic 4lgae FR Ep A
Protozoa
Foraminifera
Tubiform encrusting forms P BEa LS
Free-living mobile forms i34 Ea HS/LS
Ectoprocta -
Ramose type P Ea HS
Brachiopoda
Inarticulata
Lingulid P I LS
Articulata
Productacean P Q LS
Mollusca
Bivalvia
Permophorus cf. P. subcuneatus P S H
Aviculopecten sp. P Ea HS
Acanthopecten sp. P Ea HS
Septimyalina sp. P Ea HS
Psendomonotis sp. P Ea Ls
a: Spe P I Is
Gastropoda
Bellerophon sp. P Ea B/D
SraddelTiis P Ea B/D
Armelida
Polychaetia
Spirorbis sp. P Ea HS
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Table 5 cont.

TROPHIC MODE OF FEEDING
TAXON LEVEL LIFE TYPE
Arthropoda ‘
Cirripedia

Aerotheracicans P I IS

Ostracodes P Ea/I/N B/D
Echinodermata

Crinoid debris P Ea HS

Echinoid debris S Ea c

Holotlurizn debris P I/Ea B/D
Vertebrata

Fish debris s/T N c

could not pursue food except to create water movements. Turpaeva (1957)
classified ectoprocts as "awalters," tut because they use the same food
resources 25 high level suspensicn feeders, subsequent workers have in-
cluded them in that group. The trophic level of ectoprocts is primary
consumer.

Brachiopeda.~--Erachiopods are represented by two fragmented specimens
and are included only for completemess and do not represent a significant
part of the assemblage, One is a lingulid fram the lower limestone at
gection Q and the other is a productacean spine from the middle shale at
section Y. Recent lingulids are infannal suspension feeders. Their an-
cient counterparts are usually considered to have had the same mode of life
and feeding type (Walker, 1972; Yarrow, 197L4). Productaceans had a quasi-
infaunal mode of life with supporting spines allowing them to live in soft
éubstrates. This mode of life afforded them protection with only the com-
missure protruding above the substrate for food gathering (Rudwick, 1970).
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According to Rudwick (1965) brachiopods feed chiefly on diatoms and dino-
flagellates., McCammon (1969) has suggested that dissolved or colloidal or-
ganic mutrients may be an important food source for articulate brachiopods.
Possibly brachiopods utilized both food sources. They are here considered
rimary consumers.

Bivalvia,--Bivalves are the most diverse group in the Crouse limestane.
They include infaunal, semi-infaunal, and epifaunal forms and both high- and
low-level suspension feeders.

Aviculopectinids in the Crouse Limestone (Aviculopecten sp. and Acan-
thopecten sp.) possess an elongate anterior auricle and a byssal sinus.
These features are indicative of an epifaunal, byssally attached mode of
life (Stanley, 1970, p. 32). Some living byssate pectinaceans are able to
release the byssus and swim, but they are not especially proficient swimmers
(Stanley, 1972, p. 193). |

Permophorus cf. P. subcuneatus had a semi-infaunal mode of 1life (Voran,
1977; Stanley, 1972, Ps 195). Because it protruded some distance above the
bottem, it was probably a high level suspension feeder.

Pseudomonotis sp. is unique among Paleozolc bivalves because of its

eplfaunal cemented mode of life (Nicol, 19LL; Mudge and Yochelson, 1962).
Newell (1960) and Newell and Boyd (1970) suggested that Psendomonotis sp.
may have given rise to the oysters., DBecause of its cemented mode of life,
Pseundomonotis spe 13 considered a low=-level suspension feeder.

Septimyalina sp. is an epifaunal, byssally attached high-level sus-
pension feeder and Edmondia? sp. is an infaunal low-level suspension feeder
(Pearce, 1973, ps 21). The trophic level of bivalves is primary consumer
| (Seott, 1973).

Gastropoda,.--Castropods were cansidered deposit feeders and/or browsers
by West (1970, p. 83) and Toamey (1976, p. 7). Gastropoeds in the Crouse
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Limestone may have obtained food by grazing on algae (primary consumers).
West (1970, p. ‘!00-;101) inferred that gastropods are epifamal, however,
there are infaunal gastropods.

Polychaetia.--The polychaetes are represented by the genus Spirorbis
which has been classified a3 a suspension feeder (Toomey, 1976). Iike
encrusting foraminifers, Spirerbis sp. may be either a high- or low-level
suspension feeder depending on its place of attachment. High organic car-
bon content of the rocks in which Spirorbis sp. occurs indicates a reducing
enviromment of deposition. Such a reducing, anaerobic enviromment would
not be favorable for hablitation of the bottam, Plant debris is also in
these units and although there is no direct evidence, it is inferred that
Spirorbis sp. wes epiphytic and should be considered 2 high;level suspension
feeder, Spirorbis sp. is a primary consumer (Scott, 1973).

Arthropoda.-~Ostracodes are the most camon arthropods in the Crouse
Limestone. Their modes of life may be epifaunal, infaunal, or nektic and
they are considered deposit feeders and/or browsers (West, 1970, p. 101;
Toomey, 1976, Ps T)s Ostracodes are primary consumers,

Acrothoracican barnacle borings were observed in bivalve shells on
several bedding surfaces of the lower limestone (fige 5)s Because they
live in berings, acrothoracicans are considered infaunal., They feed by
sweeping food, mainly plankton and organic detritus, fram the water in the
mantle cavity, in the boring, and near the boring (Tomlinson, 1969). There-
fore, they are low-level suspension feeders and their trophic level is
primary consumers

Echinodermata.--Echinoderms are represented by crincid, echinoid, and

holothurian debris. Orinoids are epifaunal, high-level suspension feeders
(Secott, 1973, p. L6) and their trophic level is primary consumer., Echincids
are considered epifaunal carnivores (West, 1970, p. 8l) and are secondary
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Figure 5. Acrothoracican Barnacle
Borings in a large Osagla-
coated Bivalve in the
Lower Crouse Limestone
(bedding surface CR-1+).

consumers, Holothurian remains included a few sclerites found in washed
residues. Holothurians are either infaunal or epifaunal deposit feeders
and/or browsers (West, 1970) and their trophic level is primary consumer.
Vertebrata.--Fish bones, teeth, and scales were found at section Q.
Fish are nektic and tooth morphology indicates that they were carmivores,
either secondary or tertiary consumers.,
Trace fossils,--Burrows and/or trails were observed on several bedding

surfaces of the lower limestone and on both vertical and horizontal surfaces
in the upper limestone (fig. 6A-C ). Vertical surfaces of samples from the
middle shale and upper limestone displayed disrupted laminations, mottling,
and a reworked, homogenized lithology (fig. 7A-C). These features are in-
dicative of bloturbation (Hardie and Ginsburg, 1977; Gebelein, 1971).

Worm tubes were identified in the lower limestone by West, et al. (1972)
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Burrows and Trails in the Upper Crouse Iimestone. A. Vertical
Burrows, lateral View, Top is Up (sample CU-8), B, Same as 6A,
Top View, C. Trails on Bedding Surface (sample CS-17).
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CM AREAS OF CM
DISRUPTED LAMINATIONS

Figure 7. Evidence of Bioturbation in the Crouse Limestone. A and B. Dis-
rupted Laminations, Top is Up (upper limestone, sample (CW-14).
C. Mottled Lithology (upper limestone, sample CY-8).
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and may represent the organisms responsible for at least part of the bio-
turbation, Trails (fig. 6C) could have been made by gastropods. Direct
evidence of the organisms associated with the trace fossils is lacking.

PETROLOGIC DATA

General Statement
Insoluble residue, I-ray diffraction, and thin section analyses were
made to assist in determining the depositional enviromment of the Crouse
Limestone.

Insoluble Residue Analysis

Insoluble residue analysis provided an estimate of the amount of terr-

igenons detritus. Insoluble residues may be introduced in three ways:

(1) as original constituents, (2) diagenetically, by metasamatic fluids,

or (3) as a result of weathering, Samples from fresh surfaces were used
to minimize the effect of weathering. Iron oxide replacing gastropods

was observed in some lower limestone samples, but made up only a small part
of the rocks, Therefore, it was assumed that the amount of insoluble res-
idue approximates the amount that was deposited as an original constituent.

The average percents of inscluble residue for the three units are _in
Table 6 along with the values obtained by Fuber (1965) and Twiss and Lee
(1972). Agreement is close and the small differences probably result from
the use of different cuterops in each study.

These data indicate that the middle shale 1s a shale only in its
weathering characteristics, Most samples from this unit contained between
25 and L0 percent insoluble residue. As Huber (1965, p. 33) pointed out,
this unit is really a limestone.

Huber (1965, p. 6) noted that the middle shale grades into the upper
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Table 6

Insoluble Residue Percentages
for Crouse Limestone Units

Unit This Study Haber (1965)  Twiss and Lee (1972)
Upper Limestone 143 12.8 15.1
Middle Sha.le 29.6 2705 3302
Icm Iimestone 998 6.2 8.1

limestone, Fileld observations, especially at the less weathered ocutecrops,
confirmed Huber's observations., Examination of the core (fig. 1) also
emphasized the arbitrary placement of this boundary. Figure 8 shows the
vertical changes in percent of insoluble residue at section Q. There is
a sharp increzse from the lower limestone to the middle shale and a grad-
val decrease from the middle shale to the upper limestone. This pattern is
typical of the Crouse Limestone at most localitles and further confirms
the gradational boundary between the middle shale and the upper limestone.
The inscluble residues were not examined to determine thelr mineral-
ogic camposition., However, Huber (1965) examined the silt and coarse frac-
tions from section A. He determined that the major minerals were quartsz,
chert, and limonite with lesser amounts of chalcedony, ortheclase, volcamic
glass, gypsum, hematite, muscovite, and microcline., Twiss and Lee (1972)
analyzed samples from sections 4, H, and L for clay minerals and found
iliite, chlorite, and interlayered chlorite and vermiculite.

X-ray Diffraction Anzlysis
Al11 samples from sections Q, S, and Y and selected samples from all
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other sections were analyzed by random powder X.ray diffraction. The re-
sults indicated three major minerals: quartz, calcite, and dolomite., Cal-
cite/quartz ratios and calcite/dolomite ratios were calculated using X-ray
diffraction data (Appendix VII). This was done by camparing the peak
heights of the principal peak for each mineral, This methed is semi-quan-
titative at best, yet it provides an approximati@ of the relative abune
dan?es of these minerals.

Abundance of gquartz can be roughly correlated with percent insoluble
residue, Quartz content is low in the lower limestone, increases sharply
in the middle shale, and decreases gradually through the upper limestone.

Dolomite had not previously been found in the Crouse lLimestone and
its occurrence msy be described as erratic. Greatest amounts of dolomite
are usually in the upper part of the middle shale. Dolamite occurs in
both the middle shale and the upper limestone at sectioms Q, S, W, and Y.
At sections O and E dolamite is only in the middle shale. Section T has
dolamite in the upper limestone. No dolomite was found at sectioms R, U,
V, and X,

Changes in dolomite composition may shift the position of the prin-
eipal (2,88 ) dolamite pesk, The most common variations in camposition
are the substitution of iron or calcium for magnesium in the dolomite
structure. According to Miller (1967, p. 182), if large quantities of iromm
are present, copper radiation causes iron flourescence during X-rzy diff-
raction, As a result the counts per second of the base line of the X-ray
diffraction patterms increase, Thus, ferrvan dolomite would cause an in-
crease in the counts per second of the base line and greater amounts of
ferroan dolomite would cause a greater increase in the counts per second
of the base line, Calcium-enriched dolemite would not affect the base line.
Scott (1973) compared the counts per second of the principal dolomite peak
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with the counts per second of the base line and was able to show that ferroan
dolomite was present in the Pemnsylvanian Reading Iimestone, This method
was applied to the Crouse Limestone (fig. 7), but there appears to be no
direct relationship between dolomite counts per second and base line counts
per second., Therefore, it is assumed that there is no ferroan dolomite in
the Crouse Limestone. |

Absence of ferroan dolomite implies that any shift in the dolomite
peak was due to calcium substitution in the dolamite structure. The mole
percent calcium in dolomite can be determined from X-ray diffraction data.
As calciom content increases, there is a linear increase in the d-spacing
and a resultant shift in the position of the principal dolomite peak (Blatt,
et al., 1972, pe. 478). Mole percent calcium in dolomite fram the Crouse
Limestone averages 55.53 mole percent and ranges from 52.10 to 57.05 mole
percent (Appendix VII).

Mole percent 1-ng03 in skeletal grains is related to three factors:
mineralogy, taxonomy, and temperature (Bathmrst, 1975, p. 235). Most
calcite has either O - 5 mole percent MgCO, (low magnesian calcite) or
10 - 19 mole percent MgCO, (high magnesian caleite)., High magnesian calcite
is coomon in recent sediments, but has recrystallized to low magnesian cal-"
cite in most ancient limestones (Bathurst, 1975). MgCO, content of calcite
can be determined from X-rzy diffraction data. A4s Mg003 content increases
there is a linear decrease in the d-spacing. This results in a shift in
the position of the principal (3.03 &) calcite diffraction peak (Coldsmith,
et al,, 1955), This relationship was used to determine the mole percent
1gC0, in calcite in samples from the Crouse Limestone (Appendix VIT).

Values ranged fram O.h to 2.8 mole percent MgCOy—-well within the range of
low magnesian calcite. This may not have been true of the original sediment.
Some skeletal fragments, especially some foraminifers, ostracodes, and
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calcareous algase are composed of high magnesian calecite., These taxa make
up as mach as 27,1 percent (sample CS-1, Appendix V) of the rock in the
Crouse Limestone, Because of its relative instability, any high magnesian
caleite in the Crouse was probably converted to low magnesian calcite during

diagenesis.

Thin Section Examination

A rock name was assigned to each thin section based on Folk!s (1962)
classification of limestones. Four major rock types were recognized:
(1) recrystallized bivalve biamicrite, (2) reerystallized gastroped bio-
mierite, (3) recrystallized micrite, and (L) recrystallized laminated
micrite. The lower limestone is a recrystallized biomicrite and belongs
to Folk's Type II rocks (microcrystalline allochemical rocks). Most rocks
from the middle shale and upper limestone are recrystallized fossilifercus
micrites and belong to Folk's Type III rocks (microorystalline rocks).
Rhmb;shaped structures of dolomite and calcite along with rhembohedral
pores indicate that many of these rocks were dolomitized and/or dedolo-
mitized, Virtually all slides showed evidence of recrystallization of skel-
etal fragments and microspar and spar are cammonly distributed patchily
through the matrix (fig.10). Percentages of orthochemical, allochemical,
and terrigencus constituents were determined for the ten thin sections that
were point counted (Table 7). Orthochemical constituents are divided into
mierite (1 - L microns), mlicrospar (4 - 10 microns), and spar (greater than
10 microns) according to Folk (1962). The lower limestone contains more
allochems, more spar, and less micrite than the upper limestone, Percemt-~
ages of microspar are nearly identical. The greater amount of spar in the
lower limestons probably represents void fillings between allochems. Absence
of voids in the upper limestone may be due to the absence of allochems,



SPAR

MICROSPAR

MICRITE

Fipure 10, A and B, Patchy Distribution of Microspar and Spar in the Micrite
Matrix of the Lower Limestone. Areas of Spar on the Left and
Ripht are Recrystallized Skeletal Fragments (sample CR-2).
Top is up.
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Similar amounts of microspar suggest that the effect of recrystallization
was uniform throughout the formation.

Skeletal grains are the most abundant allochemical constituent, tut
same intraclasts and pelleids were recognized (slides CQ-5, CS-1, CT-5,

CT-7, and CY-2; Appendix IV), The most abundant skeletal grains are ost-
racodes, bivalves, Osagia, and gastropods (Table 8 and fig, 11).

Micrite, microspar, and spar were observed in each thin section. The
patchy distribution of the microspar and same of the spar indicate that it
is the result of recrystallization. 4n original micrite matrix suggests
deposition in a low energy enviromment.

Silt-sized angular quartz is the most camon terrigenous constituent
observed in thin section (Appendix V). Small amounts of mica and clay
minerals were also observed. These observations agree with those of Haber
(1965) who found that quartz was the most abundant insoluble mineral in the
sand and silt size fractions,

Bhamb~shaped structures ranging fram 30 to 150 microns were observed
in most slides from the middle shale and the upper limestone (fig. 12).

Huber (1965, pl. IV) observed similar structures and concluded that they

were not dolomite. In thin section same smaller rhambs appeared fuzzy

maldng it difficult and sometimes impossible to determine their composition
microscopically, X-ray diffraction indicated dolomite in 27 of 57 samples
fram the middle shale and upper limestone (4ppendix VII), tut in the re-
maining 30 samples calcite was the only carbonate mineral. Based on dedolomit-
ization oriteria (Evamy, 1967, fig. 1) these rhembs in the Crouse are inter-
preted as dedolomlte, Three of the five stages of dedolomitization (Evamy,
1967) were observed in Crouse limestone thin sections--(1) rhombohedral pores,
(2) rhambohedral pores partly filled with calcite, and (3) rhamb-shaped areas
of equigramular mosaics of anhedral calcite (fig. 12).
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Allochemical Constituents of Thin Sections
that were Point Counted

Type of Allochenm Number Percent
Bivalves 913 22.3
Ostracodes 1197 29.2
Osagia 508 12.4
Castropods LSL 1.1
Encrusting foraminifers 137 3.3
Free-living foraminifers 118 2.9
Echinoderms 22 0.5
Phylloid alpae 6 0.1
Unidentifiable skeletal fragments 672 16.L
Pelloids 15 0.k
Quartz silt 58 1.4
Total L4100 100.0

Flgure 11, A Typical Thin Section from the Lower Idmestone (sample CS-1).
Large Areas of Spar are Bivalves, Arrows Indicate Foraminifer (f )s
Gastropod (g), and Ostracode (o). Top is up.



Figure 12,

Dedolomitization in the Crouse Iimestone. A, Rhomb-shaped Area
Filled with an Equigranular Mosaic of Anhedral Calcite (middle
shale, sample CV-~7), B, Rhombohedral Pore, Crossed Nicols (upper
limestone, sample CT-1l;)., C. Rhombohedral Pore Partly Filled
with Calcite, Crossed Nicols (upper limestone, sample CQ-11),
Top is up on all photos,
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Under proper conditions dedolomitization can proceed in the presence of
sulfate ions which may be supplied by the dissolution of gypsum (Goldberg,
1967)s In the Crouse Limestone gypsum erystal molds indicate that gypsum
dissolution has taken place (fig. 134), but the gypsum molds cannot be cor-
related stratigraphically with the supposed dedolomitization. Gypsum dissol-
ution and dedolomitization in the Crouse may be related, but direct evidence
is lacking,

Calcite also replaced gypsum in the Crouse limestone. Replacement cal-
cite forms areas of equigramlar mosaics of anhedral caleite--a texture
identical to that of some dedolomitization (fig. 13B). Some areas of gypsum-
replacement calcite were rhomb-shaped in thin section and presented the
problem of how to differentiate them from dedolomitization. The gypsum
cerystals and the pores resulting from their dissolution are elongate and
when viewed in thin section they range from perfectly rhombic to elongate
(fig. 13C). If in a given thin section replacement calcite was observed
enly as well-formed rhombs, it was considered dedolomite, If, however, there
was considerable variation in the shapes of the areas of replacement calcite,

it was assumed that caleite replaced gypsum.

DETAILED ANALYSIS OF SECTION Q

General Statement
As mentioned in the introduction, section Q is a unique exposure.
An erosional surface cuts through the upper limestone and part of the middle
shale. Above this erosional surface are rocks unlike those exposed else-
where in the Crouse Iimestone. The rocks above the erosional surface at
section Q will be considered in detail in this section.



Figure 13 .

Evidence of Gypsum in the Crouse Limestone. A, Gypsum Crystal
Molds from the Middle Shale (sample CW-8). B. Areas Filled with
Equigranular Mosalcs of Anhedral Calcite Interpreted as Replace-
ment of Gypsum (upper limestone, sample CU-11). C. Pores from
Gypsum Dissolution {(upper limestone, sample CS-15). TLeft is up

in B and C.



Description
General Statement.--The exposure at section Q and the four rock units
between the erosional surface and the Elue Rapids Shale ars in Figurelh.,
In ascending order these rock units are (1) a conglomerate, (2) a black
shale, (3) a limestone, and (4) a gray mudstone.
Erosional Surface.-~The erosional surface cuts through the npper lime-

stone and part of the middle shale at this locality. Excluding units above
the erosional surface, the maximm thickness of the Crouse Limestone is

3,95 meters (13,0 feet) campared to L.L7 meters (1L.7 feet) at section S
less than a mile away. At its lowest point the erosional surface is O.41
meters (1.h feet) below the top of the middle shale. Assuming that the
thicknesses of the middle shale and the upper limestone are the same at
sections Q and S, between 0.52 and 1.96 meters (1.7 - 6.5 feet) of the Crouse
was removed by erosion at section Q. The rocks immediately below the ero-
sional surface have been altered from thelr typical color of yellowish gray
(5¥7/2) to grayish orange (10YR7/L) or pale yellowish orange (10YR8/6).

To determine its configuration, a palaesotopographic map of the erosional
surface was constructed (fig. 15). Elevations were determined (plane table
and alidade) for 31 points (on both sides of the road) at the erosional
surface, The data were adjusted to a datum 1.22 meters (3.9 feet) above
the hase of the middle shale to eliminate the effect of any post-Crouse
deformation,

Conglomerate,--Immediately above the erosional surface is up to 20

centimeters of conglomerate with a greater thickness where the erosional
surface is lower (fig. 14). Figure 1 is an isopachous map of this unit
made from data obtained while mapping the erosional surface. The conglome-
erate is composed of lithic clasts and a few pleces of charcoal. Y%here the

unit is thickest the lower part is strongly cemented by sparry caleite, btut
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elsewhere it is weakly cemented. The clasts range from 0.2 to 15.0 centi-
meters and are rounded to subrounded according to Pettijohm's (1975, pe. 57)
roundness classes., Visual inspection suggests that most of these thinly-
laminated recrystallized micrite clasts are oriented with their long axes
parallel to bedding. They are dark yellowish orange (10YR4/6) to.grayish
orange (10YR7/L) compared to the yellowish gray (5Y7/2) typical of the upper
limestone. Iithologically the clasts and upper limestone are virtually iden-
tical. Based on these similarities it is reasonable to infer that the clasts
were derived fram this upper limestone (fig. 17). There are only a few
examples of embayments of the clasts where they are in contact with each
other indicating that most of them were lithified at the time of their dep-
osition.

Black Shale.--Overlying the canglomerate is a black shale that ranges
up to 1.37 meters (4.5 feet) thick and the greatest thickness is above the
lowest point of the erosional surface (fig. 14). Although the unit is gray-
ish brown (5YT3/2) near the base and the top compared to grayish black (N2)
in the center, the contacts with the conglomerate below and the limestone
above are sharp. Plant debris is abundant and there are several thin (less
than five millimeters) discontinuous coal seams. Ostracodes are conspicuous
and Spirorbis sp. and fish debris also occur.

Iimestone.--Above the black shale is a discontimous limestone (fig. k)
that is up to 15 centimeters thick and, like the underlying units, is thick-
est above the lowest point in the erosional surface. The limestone is sub-
parallel to the erosional surface (fig. 14) and contains rounded clasts of
mierite as large as six millimeters (fig. 18). These clasts are recrystal-
lized laminated grayish orange (10YR7/L) micrite--a lithology idemntical to
that of the upper limestone. The top of the unit contains more clasts but
is less well cemented, Charcoal, fish debris, and ostracodes occur in this
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Similarity between Upper Crouse Limestone and Iithiec
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M

Figure 18. Limestone from above the Erosional Surface at Section Q
(sample CQ-19) Arrows indicate Lithic Clast (c) and Fish
Debris (d). Top is up.

unit (fig. 17).
Gray Mudstone.--Overlying the limestone is a gray mudstone that grades

upward into the Flue Rapids Shale. Again this gray mudstone is thickest
above the lowest point in the erosional surface. It appears to fill low
areas left after deposition of the underlying units. A few sand-sized
grains of rounded micrite which are lithologically similar to the lithic
clasts in the limestone and conglomerate units below occur in this mudstone.

Fish debris and Spirorbis sp. were the only fossils found.

Data

Blotiec Data.--Biotic data were obtained from these units by examining
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washed residues and thin sections but were not quamtified.

Except for a few pieces of charcoal, the conglomerate is devoid of
any organic remains, The black shale contains abundant plant debris and
smooth-shelled ostracodes along with Spirorbis sp. and some fish debris.
Ostracodes could not be identified more specifically because nearly all
were broken, The limestone contains abundant ostracodes as well as fish
debris and charcoal and the gray mudstone contains Spirorbis sp. and fish
debris,

Petrologic Data.--Insoluble residue and X-ray diffraction analyses
were made on samples from these four units., Organic carbon camtent was
determined for the black shale and the gray mudstone.

Figure 19 shows the percent of insoluble residue, calcite/quartz ratio,
and percent of organic carbon for each sample analyzed. The insoluble res;
idues are low in the conglomerate and the limestone, and the caleite/quartz
ratios are high. The mudrocks (shale and mudstone) have high insoluble
residne content and low calcite/quartz ratios.

Organic carbon ranges from 16.2 to 18.1 percent of the black shale and
the gray mudstone. Mudrocks may have up to LO percent organic carbon, but
less than three percent of all mudrocks contain more than ten percent or:
ganic carbon (Blatt, et al., 1972, p. 393). Therefore, the organie carbon
content of the black shale and the gray mudstone is umusually high.

Based on thin section examination, the limestone (samples CQ-19 and
CQ-19+) 1s a recrystallized ostracodal biomicrite or biomicrudite.

Interpretation
Erosionsl Surface.--The erosional surface cuts through the upper lime-
stone and middle shale and, therefore, represents a post-Crouse event, More
than two meters of relief is on this surface (fig, 15). In vast, shallow
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epeiric seas with low energy, submarine erosion of this magnitude seems un-
likely. The orange color of the rocks immediately above and below the ero-
sional surface is probably a result of iron oxidation, suggesting that
erosion took place in an oxidizing enviromment (i.e. subaerial).

The shape of the erosional surface (fig. 15) suggests that it may have
been the bed of a channel that drained a subaerially exposed area. Its
lateral extent could be due to meandering or lateral migration of a tidal
charmel, The dimensions of this chamel (2 meters deep and 25 to 35 meters
wide) are similar to those of modern tldal chamels on Andros Island, Bahamas
(Shinn, et al., 1969). Rapld downcutting during a period of abnormally high
energy (i.e. stom) may have deepened the channel.

Conglomerate.~-Sub-rounded to rounded lithic clasts with a wide range
in size compose the conglomerate. The clasts are lithologically idemtical
to the upper limestone and are believed to have been derived from its erosion.
According to Pettijom (1975, p. 515), limestone pebbles may becoms well
rounded when transported 15 ldlometers or less. Erosion of the Crouse lLime-
stone took place soan after deposition of the upper limestone and probably
before lithification was complete. Therefore, erosion and rounding of the
clasts could have taken place even more easily and quickly. This coupled
with poor sorting suggests a nearby source arez.

The large size of some clasts and the absence of micrite suggest a high
energy envircnment of deposition which supports the interpretation of the
erosional surface 2s a chammel bed. Laminated mud clasts and lithified
dolomdtic olasts are common in recent tidal channel deposits on Andros Island,
Bahamas (Hardie and Ginsburg, 1977; Shinn, et al., 1969). The distritution
of the conglomerate (fig. 16) is erratic and suggests deposition by an over-
loaded stream which supports the idea that maximum downcutting took place
during a storm.
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Black Shale.--The black shale represents a change to a low energy en=-
viroment and the fossils in it suggest brackish water. Splrorbis sp. is
found in both marine and freshwater deposits (Scott, 194)). According to
Lane (196l;) smooth-shelled ostracodes occur in both marine and freshwater
assemblages and fish debris is typical of a freshwater assemblage.

Organic carbon is an indication of a poorly oxygenated environment.

In an oxidizing enviromment organic carbon is oxidized to carbon dioxide
and water, High organic carbon content of the black shale along with coal
and abundant plant debris indicate stagnant, amaerobic conditions. Accord-
ing to Zangerl and Richardson (1963) the absence of infaunal and benthic
organisms also suggests a toxic bottom. The coal and plant debris indicate
close proximity to a terrestrial enviromment and the characteristies of
this black shale are typical of a swamp environment.

Reducing conditions at the bottom do not imply similar conditions in
the water above, rorbis sp. and fish debris in the black shale suggest
that parts of the water were well oxygemated and inhabitable. The stag-
nant, anaerobic conditions probably extended just a short distance above
the bottom (Zangerl and Richardson, 1963).

Limestone.--The limestone unit has a limited lateral extent (fig. 1h4).
Ostracodes, fish debris, and charcozl suggest a freshwater or perhaps brack-
ish environment, but other features camon in freshwater limestones such as
algal structures and nodular form are absent. The micrite matrix indicates
deposition in 2 low energy emviromment, but the lithic clasts suggest same-
what higher energy than during deposition of the black shale. The shape of
the wnit (fig. 1h) suggests deposition in a charmmel or may be due to differ-
ential compaction of the underlying shale. A chammel deposit is more com-~
patible with the lithie clasts and the unitts limited lateral extent.

Gray Mudstone.--The gray mudstone appears to have filled low areas left
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after deposition of the underlying units. It consists of over 80 percent
insoluble residue and containsr 16.2 percent organic carbon. Vhere the lime-
stone unit is absent the contact between the gray mudstone and the under-
lying black shale is gradatiomal. The upper contact with the Zlue Rapids
Shale is also gradaticonal and the gray mudstone could, in facit, be considered
part of the Blue Rapids. Spirorbis sp. and fish debris suggest a brackish
to freshwater envirorment. Lane (196L) found a similar fossil assemblage

in the Blue Rapids Shale. It included charophytes, which he believed rep-
resent either fresh or bracklish water, the marine foraminifer Tetrataxis,

the freshwater ostracode Carbonita, and fish debris. The high organic carbon
eontent of the gray mudstone indicates reducing conditions of the botiom,
ulike the oxidizing conditions during deposition of the reddish shales in
the Elue Rapids Shale above., Although water conditions during deposition

of the gray mudstone and the Blue Rapids Shale may have been similar, bottom
conditions certainly were not. The slight decrease in percent of organic
carbon through the black shale and gray mdstone (fig. 18) may be part of the
change from reducing to oxidizing conditions.

Placement of the gray mudstone in the Crouse Limestone or the Hlue Rapids
Shale is not important. It is considered here as part of the depositicnal
sequence and clearly represents a transition between the units above and
below., This transitional relationship demonstrates the artificiality of
certain stratigraphic boundaries and the need to study a rock unit as part

of a depositlional sequence.

Surmary
A tidal chammel at section Q eroded parts of the upper limestone and
middle shale, Rounded clasts from these units were deposited as gravel

imediately above the erosional surface in a high energy enviromment.
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Subsequently, a black, organic-rich mud was deposited in a swamp-llke en-
vironment with low energy, fresh or brackish water, and reducing conditions
at the bottom. A skeletal carbonate mud econtaining small (less than six
millimeters) rounded lithic clasts was then deposited in a limited area,
It formed in fresh or brackish water with more oxidizing conditions and
samewhat higher energy than the md below. Its si:lape and limited lateral
extent suggest. that this wnit was deposited in a channel. The sequence was
capped by a gray mud. It, too, was deposited in a fresh or brackish water,
low-energy enviromment with redueing conditions on the bottom and represents
a transition with the overlying Blue Rapids Shale.

The units above the erosional surface at section Q undoubtedly record
a very local event. These units are unique in the Crouse Limestone and even
nearby ocutcrops give no indication of a similar situation. The limestone
and conglomerate units thin to a zero edge and the other units thin con-
siderably toward the edge of the outcrop. The types of deposits also imply
a restricted occurrence. In an area characterized by deposition in shallow
epelric seas, a high-energy enviromment like that represented by the con-
glomerate is not likely to be widespread.

INTEGRATION AND INTERPRETATION OF DATA

Vertical Integration and Interpretation
Rocks at each outerop of Crouse Limestone were formed as a result of
a sequence of events and conditions. To best understand these events and
conditlons it is necessary to study the entire sequence of rocks because
each event and each set of conditions did not occur exclusive of those pre-
ceding and following it, Furthermore, many factors affect the formation of

carbonate rocks., Although it is impossible to consider each factor, the
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best interpretation is the one that takes into consideration the most evi-
dence.

Figures 20 and 21 are the integration of petrologic and biotic data
respectively for all Crouse Limestone sections. Petrologic data (fram thin
sections and X-ray diffraction) show the following trends (£ig. 20): (1)
decreasing percent of suspension feeders upward, (2) decreasing grain/matrix
ratio upward, and (3) dolomite in the middle shale and upper limestane.
Blotic data (from lower limestone bedding surfaces) indicate upward (fig. 21):
(1) increase in fragmentation, (2) decrease in diversity, (3) decrease in
equitability, (i) decrease in size of Permovhorus cf. P. subcuneatus, and
(5) increase in deviation of the percent right valves from 50 percent.

These trends were not tested for statistical significance.

West and McMahon (1972) examined changes in lower Crouse bedding sur-
face assemblages and found (1) an upward increase in concave downward shells,
(2) an upward increase in fragmentation, (3) an upward decrease in relative
bivalve abundance, and (L) an upward decrease in percent right valves. They
interpreted the assemblages as representative of a regressive sequence with
shallow subtidal conditions at the base and low intertidal conditions at
the top. The trends noted were considered to be mainly a result of higher
energy conditions in the upper part.

Increases in fragmentation and deviation of the percent right valves
from 50 percent (fig. 21) agree with the observations of West and McMshon
(1972) and suggest an increase in energy (i.e. higher emergy).

Trends shown in Figures 20 and 21 suggest an increasingly harsh en-
viroment during Crouse Limestone deposition. Such envirommental changes
would place more and more stress on the organisms and could result in (1)
fewer organisms (decrease in grain/matrix ratio because grains are domin-
antly skeletal), (2) a less diverse assemblage (decrease in diversity)
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(3) dominated by fewer species (decrease in equitability), and (L) smaller
sized individuals (decrease in size of Permophorus cf. P. subcuneatus).

A shallow regressive sequence like that proposed by West, et al. (1972)
would indeed be such an enviromment. Shallower water and more exposure
would place more siress on the organisms. The trend of decreasing sus-
pension feeders also supports a regressive interpretation. Regression
would have a particularly adverse effect on shallow subtidal to low inter-
tidal suspension feeders betause of greater turbulence and more suspended
sediment.

In general, data collected from the lower limestone, the middle shale,
and the opper limestone support a regressive interpretation.

Bedding surfaces often mark s change In conditions of sedimentation
(HMlls, 1972, pe 7). Most bedding surfaces in the lower limestone are ir-
regular and there is usually a thin mudstone between limestcnme beds, Ir-
regular bedding surfaces represent interruptions in normal sedimentation
which were probably caused by periods of increased water movement (i.e.
storms), A period of inereased agitation would result in an irregular
bottam because of submarine erosion and inereased wave base. It would
also be responsible for an increase in terrigenous sedimentation represented
by the thin mudstones. The wave produced orientation of shells (Pearson,
1972) is further evidence of increased turbulence.

The lower surfaces of limestone beds signify a returm to normal car-
bonate sedimentation. Bedding surface data indicate that 88.lL percent of
the shells on the upper surfaces of limestone beds are concave downward
{hydrodynamically stable). Only 71.8 percent of the shells on lower sur-
faces are concave downward. Concave up shells are typical of quiet water
environments (Johnson, 1965; Clifton, 1971). Although the difference be-
tween shell orientations may not be statistically significant, it does



suggest that the lower limestone was deposited in a relatively low-energy
enviromment which was periodically interrupted by higher energy conditions.

The conditions deseribed above are typical of a shallow nearshore (sub-
tidal) enviromment. Horizontal burrows on scme bedding surfaces and rel-
atively high diversity of organisms are further evidence favoring subtidal
deposition (Walker and Iaporte, 1970). |

Fossils in the middle shale are a mixture of organisms typical of
marine envirorments and those typical of freshwater enviromments (Lane,
196L4). As pointed out by West, et al. (1972, p. 87) this is evidence in
favor of a nearshors enviromment.

Disrupted laminations, mottled texture, and reworked, homogenized
beds--features indicative of bioturbaticn (Ha;'die and Ginsburg, 1977,

Pe 119)--are cormon in the middle shale. Extensive bioturbation is an
indieation of intertidal deposition (Gebelein, 1971).

A conspicuous feature of the upper limestone is its fine laminations
which are very similar to those caused by high intertidal to supratidal
algal mats in recent tidal flat enviromments (Hardie and Ginsburg, 19773
Logan, 197h; and Hagan and logan, 197L4). The laminated fabric of the upper
limestone is simllar to typical stromatolitic fabric described by Monty
(1976, p. 19L). Flat laminated stromatolites such as those in the upper
limestone are indicative of high intertidal deposits (Walker and Laporte,
1970), Laminations give the unit its platy character which is also typical
of high intertidal and supratidal deposits (Gebelein, 1571).

Hardie and Ginsburg (1977) considered three possible origins for the
supratidal laminated sediment on Andros Island., These are (1) chemical
precipitation, (2) normal diurnal tidal flooding, particularly high spring
tides, and (3) flooding by storms. Chemical precipitation was ruled ocut
because of the well-scrted, open framework fabric of many of the laminae.
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Tidal flooding was e:limi;ated as a possibliity because the normal tide-
waters carry very little suspended sediment. In fact, clear water is a
feature of all recent carbonate enviromments (Bathurst, 1975, p. 9h).
Hardie and Ginsburg were able to verify empirically the storm-related
origin of the supratidal sediment and they cmclu_ded that storm deposition
was the exclusive agent responsible for laminated sediment. Black (1933)
also emphasized the importance of storms on Andros Island.

At Cape Sable (Florida) 62 percent of the calecareous sediment is de-
posited by storms. In the supratidal zone all sediment is derived from
waters driven over the area during storms (Gebelein, 1971). Storms prob-
ably played a role in the deposition of the Crouse Limestone. The irreg-
ular bedding surfaces in the lower limestone may well be storm-related and
much of the upper limestone sediment was probably storm-derived. As sug-
gested previcusly, storms may be responsible for the downcutting of the tidal
chammel at section Q.

Muderacks, trails, and vertical burrows were observed in the upper
part of the upper limestone. Oscillation ripple marks and possible "birds-
eye® structures were reported from this unit by West, et al. {1972, p. 88).
All these features are typical of a high intertidal to supratidal enviromment
(Gebelein, 1971; Walker and Laporte, 1970).

Dolamite in the middle shale and the upper limestone mzy be further
evidence of a high intertidal to supratidal envircmment of deposition for
these units (Pray and Murray, 1965).

The origin of dolomite has long been a mystery to geologists. Its
common cccurrence in the geclogic record and the inability to produce it
in the laboratory have compounded the mystery. Among the most widely ac-
cepted hypotheses of dolomite formation are that it forms (1) by seepage-
refluxion (Adams and Rhodes, 1960), (2) from hypersaline brines in a sabkha
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environment (Shinn, et al., 1965), or (3) by secondary replacement of cal-
cite.

The seepage-refluxion hypothesis proposes that in restricted waters
salinity increases because of evaporation. Gypsum may precipitate raising
the Mg/Ca ratio in the brine. The brine beccmes heavy and seeps downward
displacing lighter connate water. During seepage magnesium-calcium ex-
change and dolomitization ocecur,

According to the hypersaline brine hypothesis, pore waters in supra-
tidal sediments became increasingly saline until gypsum precipitates.

This raises the Mg/Ca ratio and leads to the replacement of calcium by
magnesium and the formation of dolomite.

The secondary replacement hypothesis proposes that dolomitization is
accomplished by metasomatic flulds during late diagenesis.

The erratic distribution of dolomite seems to support a secondary
origin, However, the occurrence of dedolomite indicates that at one time
dolomite was in both the middle shale and upper limestone at virtually
every locality (except sections O, R, and T). It is dedolomitization that
is erratic.

Recent primary or early diagenetic dolomite has been found in a variety
of environments. Several workers have found dolomite forming fram hyper-
saline water (Illing, et al., 1965; Shinn, et al., 1965). Thampson, et al.
(1968) reported dolomite from a deep sea enviromment with normal marine
salinity. Freshwater dolomite has also been reported (Miller, 1970; Sher-
man, et al., 1962).

Folk and Land (1975) related the formation of dolamite to two factors:
(1) Mg/Ca ratio of the water and (2) salinity (fig. 22). Dolomite may be
produced from caleite by inecreasing the Mg/Ca ratio or by decreasing salinity.
Agcording to Folk and Land, dolomite can form better in less saline waters
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because of slower crystallization rates and lower concentrations of com-
peting ions., Perhaps the best way to form dolomite would be to introduce
fresh water into marine or hypersaline water. A4 high Mg/Ca ratio would not
be necessary. This does not deny that dolamite may also form in hypersaline
environments with high Mg/Ca ratios. In fact, the two processes cempliment
each other nicely. Hypersaline water with a high Mg/Ca ratio is most likely
to be found in a nearshore enviromment. The effect of freshwater runoff

is glso greatest there. Therefore, a nearshore enviromment provides two
possible mechaniams for dolomite formation.,

The absence of dolomite in section R and in the middle shale at
section T could be expected if the dolomite formed in an intertidal or
supratidal enviromment. Sections R and T are the southernmest exposures
and occupy the lowest structural positions., Therefore, during regression
these sections would be the last to "dry up"--i.e. reflect high intertidal
to supratidal conditions favorable for dolomite formation., Section O,
whieh had dolomite in the middle shale only, is on the Abilene Anticline
(fig. 1) where different conditions could be expected,

Dolomite commonly occurs with gypsum in recent supratidal flats (Sher-
man, 1963; Deffeyes, et al., 1965). GCypsum formation may raise the Mg/Ca
ratio and lead to dolomitization. In the Crouse Limestone elongate gypsum
erystals were observed at sections Q and S. Cavities the gize and shape
of those crystals were found at all other ocutcrops, and they are interpreted
as molds of gypsum crystals. These molds were found in different beds of
the Crouse limestone, from the base of the lower limestone at sections W and
X to the upper limestone at section T, Their greatest abundance is in the
middle shale and the upper limestone, Similar cavities have been described
by Surmerson (1966) from the Silurian of Ohio, Randazzo (1969) from the Dev-
onian of North Carolina, and Hoffman (1967) from the Precambrian of Sritish
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Colombia. All have interpreted the cavities as molds of evaporite crystals.

There is no correlation between the stratigraphic occurrences of gypsum
and dolomite in the Crouse Limestone. Hence there is no direct evidence
that they are related., Nevertheless, these two minerals are not incompatible
in a nearshore sedimentary enviromment. Their occurrence together in the
middle shale and upper limestone is evidence in favor of a nearshore hyper-
saline environment of deposition (embayed lagoon) for these units. Russell
(1977) found evidence suggesting an arid climate during deposition of the
Council Grove Group. Such a climate would indeed be conducive to formation
of both gypsum and dolomite.

In summary, the results of thls investigation support the interpret-
ation of the Crouse Limestone as a regressive tidal flat sequence {West,
et al., 1972). Depositional environments ranged from subtidal during lower
limestone deposition to supratidal during upper limestone formation.

This regression need not have inwvolved any change in sea level. 4
prograding tidal f£lat model (lucia, 1972, p. 160-163) explains such a se-
quence without any sea level chﬁnge. Carbonate mud produced on an adjacent
carbonate platform migrates shoreward. This sediment is trapped and builds
up on the tidal flat., Regression and progradation take place not because
sea level is lowered, but because the tidal flat becomes higher through the
accretion of sediment (Ginsburg, 19713 Matti and McKee, 1976). The units
above the erosional surface at section Q are interpreted as tidal channel

and swamp deposits and are not inconsistent with a prograding shore model.

Lateral Integration and Interpretation
North-south and east-west cross sections of the Crouse Limestcne are
in Figures 23 and 3; respectively. Total thicimess of the Crouse increases
to the south and west. The lower limestone and the middle shale thicken to
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the west and all three units thicken southward. The area occupies the east
flank of the south-plunging Irving Syncline (fig. 1). Therefore, the Crouse
Iimestone thickens toward structurally low areas.

Figures 25 and 26 are the lateral integration of data in north-south
and east-west directions respectively. These data were obtained from strat-
igraphically equivalent bedding surfaces and thin sections, mostly from the
lower limestone, There are northward decreases in (1) the grain/matrix
ratio, (2) percent of suspension feeding organisms, (3) size of Permophorus
ef. P, subcuneatus along with eastward decreases in (1) the size of Permo-
phorus ef. P. subcuneatus, (2) diversity, and (3) equitability. These trends

suggest a more harsh enviromment possibly due to shallower water in the nor-
them and eastern parts of the area. An eastem increase in percent of sus-
pension feeders deces not agree with the other trends and mzy be due to north-
south distance between sections.

Lthough the lateral trends examined by West and McMahon (1972) were
different from those used in this study, the conclusions are the same.
Bedding surface assemblages in the lower limestone suggest shallow subtidal
conditions in the west and south and low intertidal conditions to the east
and north, Areas of supposed deeper water coincide with the structurally
low areas (fig. 1).

The area was probably protected from the open ocean; the Abilene Anti-
cline to the west may have served this purpose. It need not have heen an
exposed land area, but could have protected the area equally well as a sub-
marine feature. A protected enviromment is suggested by several lines of
evidence,

Permophorus ¢f. P. subcuneatus is a semi-infaunal, endobyssate bivalve.
Endobyssate bivalves are restricted to stable substrates (Stanley, 1972,

pe 20h). If not protected from the open ocean, the carbonate mud substrate



*UOT}008 UFY} BO9BOTPUT 4SIn ‘odvJane poddew » soqwofput .4, {seseyjusged up peqsotput serdums

OU} WOJF POATIOp Odem BYBQ

* SUOYSGWP] JOMOT OYJ WOIF B)BQ JO UOTIRISOqUT Tede4e] YITMOg-ya.Ioy

*G2 sandyy

0 X A i A S 0 o
(I-X3-9) (T-M0-9) (¢-00-9)
4TI
;£
1T
X R (S (1RS)  (1-595D) o
10s m g 2
Y/ (77} W. M
~0h
(T-03-SI) ((-X3-5T) (T-X3-5T) (¢(-5T) ([-A3-51) ([-59-51) 0

—~

N
i
OLLVY
XTHLYW/NIVRIO

(1




72

WH? M 49
POYBOTPUT oxB (2L61) UOUEKHOK PUe 389y WOXF BlEQ °eesoyjudted U} peqedTpUT S908Fans JULpPpaq
9y} WOXJ POATIOpP 9J49M BIB( °*OUDJSOWP] JOMOT OYJ UOIF BEQ JO UOTqRISoqUI TeIe9¥] 380M~38%Y °92 aandyy

1 ¥ r v 1 i
() D) ) ot

— HH MI
171 r\ 4
1¢T N
%) TN (E%) ) 0 g
0
| \ 1= m 2
_ g

_—— - 108

(W3 M) (T-%) (T-T-0 ED) D) ) 0

f — 1

LN
=
ALITIGVLING3

A
o
—

W3 M (1-¥9) (T-1-N (W3 M (I-19) (¢-99) 0

— |

.'lllal.lll"’}

L
—
ALISHIAIQ

IN3343d



73

of the lower limestone would likely undergo frequent periods of instability.

Stability of the substrate is a determining factor in the growth form
of stramatolites (Hardie and Ginsburg, 1977, p. 57). An unstable substrate
allows stromatolite growth only at isolated spots which results in stromato-
lite heads similar to those at Shark Bay, Australia (Logam, 1961). Laminar
stromatolites like those in the upper Crouse Iimesione form on a uniform
stable substrate which is more likely if nearby waters are calm and protected,

This is not to imply that the water was completely still and motionless.
The Abllene Anticline camnot be detected south of Abilene and could not
have caused complete iselation of the area. Connection with the open ocean
mst have existed and with it some movement of water, Furthermore, smme
agitation of the water is required by Osagia (Moore, 196L, p. 3L3).

Clark (1976) in studying populations of Argopecten gibbus in Harring-
ton Sound, Berrmda found a distinct difference in shell convexity betwsen
popalations from different water depths. OShells from depths greater than
ten meters had a lower convexity (flatter shells). Clark considered poss-
ible envirommental causes of this difference and concluded that turbulence
was the factor most likely controlling shell convexity.,

Argopecten gibbus and Aviculopecten sp. are similar morphologically
(Cox, et al., 1969)s Both are members of the Superfamily Pectinacea and
their modes of 1ife are the same (epifaunal byssally attached).

Convexity was measured on two specimens of Aviculopecten sp. from
bedding surface CQ-2 which were the only specimens not fragmented, distorted,
or partly covered, These data are compared to Clark!s (1976) measurements
(p. 607, fig. 2) in Table 9. The convexity/height ratio of Aviculopecten spe.
is very similar to that of the deep water form of Argopecten gibbus.

Several possible interpretations of these results are: (1) The lower

Crouse Limestone was deposited in water more than ten meters deep.



7

Table 9
Shell Convexity in Pectinaceans

— — ]
=

taxon T T
#Aviculopecten sp. 28 6 0,214
#aviculopecten sp. 18 k.5 0.250
*Argopecten gibbus 56 12 0.214

*#Argopecten gibbus 62 2 0.387

# from bedding surface CQ-2
#* Clark's (1976) deep water form
#% Clark's (1976) shallow water form

(2) The lower Crouse was deposited in non-turimlent water less than ten
meters deep. (3) Aviculopecten sp. was transported into the area from a
deep water and/or non-turbulent enviromment and has little direct bearing
on the interpretation of Crouse Limestone depositional envirorments in this

area, (L) Despite hard part morphological similarities Argopecten gibbus
and Aviculopecten sp. differ biologiecally and cannot be meaningfully compared.

The first two interpretations depend on Aviculopecten sp. being buried at
or near the spot where it lived, The conelunsion was reached earlier in this
report that most organisms on lower limestone bedding surfaces probably
lived very close to the spot where they were buried, It seems unlikely
that a single species could be transported into an area while the remainder
of the assemblage was not noticably affected. Nevertheless, high fragmen-

tation of Aviculopecten sp. (L1.7 percent compared to 20.3 percent for the

entire assemblage) may be an indication of transportation (Johnson, 1960).
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Orientation data indicate that Aviculopecten sp. along with other taxa was

wave-oriented (Pearson, 1972). However, mere shifting of the shell!s position
may produce orientation without any significant transportation. A shallow
water envirorment with low turbulence is consistent with other lines of evi-

dence and, I believe, is the correct interpretation.

SUMMARY

The Crouse lLimestone is interpreted as 2 regressive carbonate tidal
flat sequence. Characteristics of the lower limestone fossil assemblages
are (1) high diversity, (2) wide size range of individuals, and (3) many
macroscopic invertebrates campared to the overlying parts of the Crouse.
A1l these are typical of subtidal enviromments., Bioturbation, a mixed
marine and freshwater assemblage, and dolomite are evidence for a low to
high intertidal envirorment of deposition for the middle shale. A high
intertidal to supratidal enviromment for the upper limestone is suggested
by (1) laminated algal stromatolites, (2) low species diversity, (3) low
abundance of individuals, () muderacks, (5) dolemite, and (6) vertical
burrows.

This tidal flat enviromment was probably protected fram the open ocean
to the west, perhaps by the Abilene Anticlins., It was certainly a low
energy enviromment as shown by (1) laminar growth form of stromatolites,
(2) the occurrence of Permophorus cf. P. subcuneatus, an endobyssate bivalve,
and (3) carbenate mud.

Doleamite rhambs or evidence of dedolomitization and gypsum crystals
were found in the middle shale and upper limestone at all localities. Both
minerals ocour in a high intertidal to supratidal enviromment of deposition

and they may have formed cantemporanecusly. The processes of dedolomitization
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and gypsum dissolution took place during late diagenesis and may be related,

Apparent inconsistencies in the northern part of the area (sections N
and 0) were found to be due to erronecus stratigraphic correlation. Exam-
ination of the outerops and establisiment of the proper stratigraphic re-
lationships revealed that they support a regressive carbonate tidal flat
enviroment,

The units above the erosional surface at section Q are also consistent
with a regressive tidal flat sequence. They represent deposition in a tidal
chamel and tidal pond or swamp enviromments which are certain to exist on
a tidal flat.
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APPENDIX T

This appendix contains measured sections each of which inecludes (1)
descriptions of each unit measured, (2) thickness of each unit, (3) graphic
section, and (4) the locations of all samples collected. The location of
each sample is indicated on the graphic section by an arrow or bracket.

The positions of slabs that were collected for bedding surface mapping are
shown by a "B" with the number of the surface shown in parentheses.
Example of numbering system:

Cf-3 = Crouse Limestone, Section X, the third sample collected at
that exposure.

Some samples were split into an upper and lower part after being collected
and the upper was designated by a ™" (e.g. CQ-19+),



SEc.26 T 115 R 6 E COUNTY: Geary  STATE: Es.| LOC. 8O. Q
10C. DESC.: Hoadcut on both sides of road

TOPO. gupp.: Ogdem. 7.5' MEASUEED BY: Z. L. Yorsn
DATE: 2/2/T7T pLEv.: 1060° st base

BNES.: 74 feet east of section Qo

[EED. NO. DESCRIFTION

11 Blue Rapids Shala sbove.

10 Calcarecus cudstons, fine silty texturs, thin and irregular bedding
shaly fracture, greatest thicknsss im directly above the positiom
of the despest cut of the srosicmal surface, medium darik
{84) through dusiy yellow (5Y6/4) to grayiah orange (wmﬂ
weathers yellowish gray {5T7/2), poor cutercp, upper contact grade
ational, lower contact distinct, no fossils.

=l

.1 1 o.18 9 Argiliscecus carbonate mudstome, uneven bedding, slabby to bloeky
_I

fracture, greatest thicimess is directly sbove ths position of the
despest cut of the eromional surface; comtains limsstone clests
from | mm. to 8 mm. in size and pieces of charccal of the same
size: good outcrop, lower comtact distinct, medium gray (N5) to
:wwnna- (516/4), weathars to grayish orange (10IR7/4), 2o

8 Black shale,fine ailt to clay texturs, laminated bedding, fiseils,

— grayish black {N2), weathars dark gray (N3}, nsar top grading to
_I ‘ grayish brown (SYR3/2) which weathers same, poor outcrop, lower

m contact distinct one or two thin (~Smm. thick) non-persistent

—_— beds ¢f coal may be present near middle of bed; bedding st base
wheontorlodmmdclntspmtmﬂimfmmﬂcmm.
foasils include plant debris and ostracodes, greatest thickness
is directly sbove the position of the deepest cut of the erceicnal
surface.

bedding, blocky to ctumky fracture, intraclasts are laminated

carbonate mudstons, svidently beds #6 and ¥7; zize

e 7  Intraclsstic grainstcne, coarse sandy to pebbly texture, uneven

argillacecus
of intraclasts is from 0.2 cm. to 15.0 cm.; thicimess is greatest
directly above tha deepest cut of the erosiopal surfece; dsrk.

I yellowish orangs (10IR5/6), weathers grayish orsnge (101%7/4),

7

>~y P Tly cemented except st thickest points whers the lower part
Gl 1S ¢m.) is very vell cemented by sparry calcite, cutcrop ranges

== !mmupodummmﬂcmhtm.l‘aurw
(o o | tact distinct, no foamils.

& Argillaceous carboasts mudstons, laninated bedding, becomas wary
near top, platy fracture, mottled, beccmes less argillacecus upvard
yellowish gray (5Y7/2) to mediua gray (H5), weathers same, yellew-
ish gray becomes the dominant color upward, moderately good outorsp
lower contact gradational, no fosails.

5 Calcureous midstone, fine silty texture, laminated bedding, thin
platy fracture, weathers shaly, mottled,medlun gray (N5), weathers
pediun light gray (¥6) to yellowish gray (5T7/2), modsrately poor
outcrop, lower comtact distinct and even, o fossils.

4 Sksletal carbonats mudstons, unaven bedding, blocky fracture,
mottled, ferruginous, grayish orssge (10YET/2) to pale grayish
orangs (10YR7/4), consists of twe limestones separated Ly shale
parting, porous, especlally lover limestone, good outcrop, lower
contact distinct and uneven, fossile include gastropods and soms
btivalves, many replaced by iron oxide.

3 Skeletsl carbonate mudstone, undulatory bedding of four to seven
lizsstone unita with shale partings, slabby to chunky fracturs,
alightly vuggy, ferruginous, yellowish gray (5I7/2), weathers pale

i Eiad yellowish orange (10YR8/6), poor outcrop, lower contact distimct

and unsen, fossils include gastropods and bivalves, especially

mmwuummmumnm
dant upward.

3} -3 2 Skeletal carbonate mudstone, consists of two limestonss 12-14 cu
—EY thick vith s discontimuous linestona (B cm thick) below, shale
partings present in bedding planes, bedding surfaces may contain

: a 2-4 ma thick laysr of gypsua, gypsum is also present in & 3008
0.3 1 ca thick within 12 ca of the base in the bed below, very unavea
bedding, slabby to blocky fracture, ysllowish gray (5Y7/2), weathery
grayish orange (10YH7/4), moderately good sutcrop, lover contact
diptinct and unaven, fossils are dominantly bivalves and are wors
abundant upvard.

1 Basly Creek Shale bslow.
TOTAL THICKNESS = 4.35 » (M.3 f)




{co-s

{co-n

{cad

el

]

| S

53¢, 26 T_11S R _§ E COUNTY: Gesry  STATE: Ka [ux: B Q,

¥ 1OC. DESC.: Bosdcut on both sides of road
TorD. .: Oglen, 7.5' EEASURED BY: E. L. Voran
- DATE: 2/2/T7  ELEV.: 1060' at base
g?;_;_‘l TH fart west of section G,
BED LD. DESCRIPTION
8  Coversd above

3
-

13k

oM

1L

. a 2=4 mm thick layer of gypsum, gypsus is also present in a zone

TOTAL THICKNESS = 3,95 o (13.0 #)

Argillacecus carbonste mudstone, laminsted, wavy bedding, platy
fracture, stromatolitic, light olive gray (516/1), weathers
yellowish gray (5Y8/1), upper 10-12 ca. grades from yellowish gray
(578/1) through grayish yellow (5Y8/4) to pale yellowish orange
(10TR&8/6), moderate outcrop, lower contact gradational, upper com-
tact ercsionsl, no fossils.

Argillacecus carbonate mudstone, laminsted bedding, becomes wavy
pear top, platy fracture, mottled, becomes less argillacecus upward|
yellowish gray (577/2) to medium gray (NS5), weathers same, yellow-
ish gray beccmes the dominant celor upward, strosatolitie, moder-
ately good outcrop, lower coamtact gradational, no fosails.

Calcareous mudstons, fine silty texture, laminated bedding, thin
platy fracture, weathers shaly, mottled, zedium gray (¥5), weathers
mediun light gray (N6) to yellowish gray (5Y7/2), moderately poor
cutcrop, lower contact distinct and even, 00 fossils.

Skeletal carbonate mudstons, unsven bedding, blocky fracture,
mottled, ferruginous, grayish orange (10YR7/4) to pale grayish
crange (10TR7/2), weathers rale yellowish brown (10TR6/2) to gray-
ish orange {10TK7/4), consists of two limestones separated by abale
parting, poroua, especially lower limestone, good outerop, lower
contact distinct and uneven, fossils include gastropods and some
bivalves, many replaced by iron oxide.

Skeletal carbonste mudstonme, undulatory btedding of four to seven
limeetons units with shele partings, slabby to chunky fracture,
slightly vuggy, ferruginous, yellowish gray (5T7/2) weathers pale
yellowish orangs (10°YRB/6), poor outcrop, lcwer contact distinct
and uneven, fossils include gastropods and bivalves, especially
Permophorus and pyramidellids with gastropods becoming more abun-
dant upward.

Skeletal carbonste mudstone, consists of two linestones 12-14 ca
thick with a discontinuous limestons { B ca thick) below, shale
partings present in bedding planes, bedding surfaces zay contain

1 cam thick within 12 cm of the base in the bed below, very uneven

bedding, slabby to blocky fracture, yellowish gray (5Y7/2), weatberp

grayish orange {1CIR7/4), moderately gocd outcrop, lower coctact
distinct and unsven, fossils are dominanty bivalves and am zore
abundant upward.

Easly Creek Shale below.
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[ e Fm.t 2125 R 7 E COUNTY: Geary STATE: Ks.|LoC. O, 2

1OC. DESC.: Boadcut on north side of HeDowell Cr. Boad.
JOPO. QUAD.: Swede Creek, 7.5' MEASURED BY: R. L. Voran
DATE: V/ZU/T1 ELE¥.: 1190° at base
BMKS, ;

|EED MO, DESCRIPTION

}’/' 1 Coversd abave

10 Argillaceous carbonate mudstone, laminated, wavy bedding, platy
fracture, stromatolitic, dark yellowish gray (5Y6/2), weatbers
vary pals yellowish brown (10YR7/2), moderately poor outcrop,
upper contact erosicaal, lower contact gradationsl, no fossils.

J 9  Argillaceous carbonate mudstons, laminated, »lightly vavy bedding,

fresh surface massive but weathers pla;y, stromatolitic, very pale
Lot oramge (10TRS/2) to yellowish gray (5Y7/2), weatbers same, good
cutcrop, lower contact gradational, no fossils.

8 Calcareous mudatone, fine silty texturs, laminated, uneven bedding,
thin platy fracture, grayish orange (10YR7/4), weathars to vary
pale orange (10YRB/2), very poor outcrop, lower contact gradational,
no fossils.

T  Argillaceous carbonate mudstone, laminated, slightly wavy bedding,
platy fracture, olive gray (SY4/1) to yellowish gray (5Y7/2),
weathers light olive gray (5Y6/1), modsrately. good cutcrop, lower
contact gradationsl, mo fosails.

oM 6 Calcareous mudstone, fine silty texture, laminated, unevan bedding,
shaly fracture, grayish orange (10YR7/4), wsathers very pale
orange (10YRS/2), lower contact distinct, very poor cuterop,
slightly less calcareous than b%ed #6, no fossils.

5 Skaletal carbonate mudstone, blocky, ferruginocus, porcus sons
near center with iron oride filling voids, light olive gray (515/2)
to pale yellowish orange (10YRB/6), weathbers yellowish gray (5¥7/2)

L to very pale orange (10YRS/2), good cutcrop, lower contact distinct
and uneven, skeletal fragmerts include gastropods with some bi-
valves.

4 Skeletal carbonate mudstone, blocky, lowsr dsnss, upper part
wuggy, ferruginous, light olive gray (5Y5/2) to grayish orange
(10YE7/4), weathers yellowish gray (5Y7/2) to very pals orange
(10YR8/2), moderately good ocutcrop, lower contact distinct and
uneven, skeletal fragments are gastropods and bivalves and are
smaller than in beds above and below (<6ma).

3 Calcarsous mudatons, fize silty texturs, thin and irregular bed-

i G ding, shaly fracture, yellowish gray (5Y7/2) to grayish orangs
R4 (10YR7/4), weathars sams, poor cutcrop, lowsr contact distinct and
EHNI and uneven, conteins two thin ( 3/4") and discontinuous limestcze
£R2 S i had beds, limestonss contain bivalves and gastropods, oo fossils in
mudstons.

2 Skeletal carbonate muidstune, blocky, dease, very pale yellowish
brovn (10YR7/2) to light olive gray (5Y6/1), weathers yellowish

“"‘?7 gray (5T7/2), moderately good outcrup, lower comtact djietimet and

[ unsven, fossils include bivalves, gaatropods, ostracodes, algas.

1 Covered below

Scale: /- TOTAL THICKNESS a 3./2 m. (0.2 &)




Sc. Z7711S B 6E comnry:Oeary STaTe:Ks |0C. KO, S

LOC. DESC.: Hoadcut on east sids of road and adjacent stream cut.

tra

I0FQ. QUAD.: Ogden, 7.5 MEASURED BY: E. L. Voran
DATR: 2/15/7T7 ELEY.:  1070' at base
B0, :

rﬂ_&- DESCRIFTION
9 Blue Rapids Shals above. '

8 Argillaceous carbonate mudstone, laminsted, wavy bedding, platy
fracture, contorted, bioturbated with both horizontal and wvertical

burrowa, yellowish gray (5Y8/1), weathers light olive gray (5Y6/1),

Lt

%

0.7t

poor outcrop, both upper and lower contscts gradational, mo fosails

7 Argillacecus carbonate mudstons, laminated, slightly wavy bdedding,
fresh surface appears massive, but weathered and fractured appear=
ance is platy, vuggy with some vugs comtaiming a few amall { 1m.)
&ypsum crystals, molds of gypsum crystals occur from 25 cm atove
base upward, light olive gray {5Y5/2) to grayish orangs (10TE7/4),
weathers very pale orange (10YR8/2) to yellowish gray (577/2),
moderately good outcrop, lower contact gradaticoal, no fossils.

[ Calcarecus sudstone, fine milty texturs, laminatsd with irregular
thin platy fracturs uore platy upward, mottled,

o1

(4

0.'91

om)

ik

bedding,

olive gray (514/2) to yellowish gray (5T7/2), veathers maze,
ohnwmhrmtulmzpnrtﬂthupmmtmnly
yellowish gray, moderately poor outerop, lower contact gradatiocnal
and marked by the bass of & 5 em. thick more celecarecus unit (lime—
stcns), top of bed is marked by a more calcarecus unit with
8lightly wavy laminations, no fosails.

5 Calcareous mudstone, fins ailty texture, thin and irregular
., thin platy fracturs, clive gray (574/1), westhers light
olive gray {5Y5/1), poor outerop, lower contact distinct but
slightly gradational, 8 cm. thick limestons unit im preaent 30 em.
above base of bed, no fomsils.

nesa with shale parting between, blocky fracture, ferruginous
especially upper part, lower part vuggy, lignt olive (518/1}
to grayish orangs (10YR7/4), westhers yellowish gray (517/2),
geod outcrop,lower contact distinet and unswen, fosails include
bivalves and gastropods.

3 Skelatal carbonate mudstone, four to eight limestones separated
by shale particgs up to 3 cm. thics, bedding unjulatory, slabby
fracture for limestones; mudstores shaly, ferruginous, limsatone
color lignt olive gray (5Y6/1), westhers yellowisa gray (5Y¥7/2);
color of mudstone medium gray (N5) to yellowish-orangs {10TR7/€),
weathers same, lizestones are not latarally persistent, moderately
poor outercp, lower contact distinct and uneven, fossils inglude
bivaives and gastropods with gastropods becenming more abundant

2 Skeletal carbonate pudstons, bedding uneven with shale partings in
bodd.i.ngphm- glabby balow becoming blocky upward, lower part
dense becoming porous upward, olive gray {5Y4/1), weathars light
olive gray (5Y6/1). good cuterop, lower contact distinct and undul-
atory, slightly ferruginous, variation in thickness dus to discon-
timuous occurTence of lowermost lisesicne, fossils include bivalvea
with a few gastropods.

1 Bazly Creek Shale below

T0TAL TICKNESS = 447 m (14,7 #4)

4 Skeletal carbopate mudstons, mnmotneaﬂyoqudm&--
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SEC.12 212 S R 6 E COUNTY: Geary  STATE: Es f1oc, %0, 7

LDC. DESC.: Stresm cut, weat bank of Humboldt Creek.

TG
)
Rk MY

!

v

[=

10B0. QUAD.: Ogden, 7.5' MEASUEED BY: R. L. Voran

DATE: 2/17/TT  ELEY.: 1120° at base

BOS. :

(BER B0
10
E]

0.7

3=7 3793 3 3

all

A

.24

a.4e

Scale: /:28

DESCRIPTION
Blue Rapids Shals above

Argillaceous carbonate mudstons, laminsted with wavy and contorted
bedding, platy to chunky fracturs, many shale partings, porous,
bioturbated with both vertical and horizootel burrcws, greenish

(56Y6/1) to yellowish gray (5Y8/1), weathers light olive gray
g%/”. moderately poor outcrop, both upper and lower contacts
gradational, no folni.h.

Argillaceous carbonate mudstons, laminated with slightly wavy

bedding, platy fracture, very pale orangs (10YRS/2) to pale m.'ln-
ish brown (10THS/2), weathersa yellowish gray (577/2), moderately
good outcrop, lower contact gradational, gypsum crystal solds
present upward from 20 ca. above base, oo fossils.

Calcarscus mudstons, fina silty texture, lsminsted with thin end
irregular bedding, shaly fracture becoming thin platy ard,
mottled, medium light gray (N6} to yellowish gray (5I8/1), weathers
sane, yellowish gray the dominant color, incrsasingly calcarecus
upward, modsrately poor outcrop, lower contact distimet but slight-
ly gradational, a 9 cm thick sore resistant calcarscus umit is
present 20 cu sbove base, no fossils.

Skeletal carbonate muistons, massive to blocky, ferruginous, esp.

a zone about 2D cm above base of bed, increasingly argillaceous
upward,dark yellowish orange (10YR6/6) through grayish orange
(101R7/4) to yellowiah gray (577/2) to olivs gray (574/1), weathers
light olive gray to grayish orange (10YH7/4), good outcrop, lawer
contact distinct and umeven, fosmils include gastropode with some
bivalvas, aany gastropuds replaced by irom oxids.

Skeletal carbonate mudstons, bedding uneven, blocky to slabby
fracture, ahales parting 10 ca above bass, pale yellowian orange
{10YRE/6) througn yellowish gray (5Y7/2) to lignt olive gray
(516/1), weathers very pale orange( 10IRB/2) to grayish crange
(101R7/4), ferruginous, moderate outcrop, lower contact distimct
and undulatory, fossils include bivalves and gastropods and are
patchily distributed.

" Calcarecus mudstone, consists of thres muistonss with two inter-

vening linest , thickm of individual units varies consid-
erably, but units ars laterally persistent, bedding undulatory,
mudstone has chaly {racture and is thin bedded, limestonea slabby,
color of mudatone olive gray (5T4/1) to light olive (5
weather= yellowish gray (5Y7/2) to light olive gray f‘,

stone color light olive gray (5Y6/1) to rpale ish browa
(10TES/2), weathers very pale orange (10YRB/2) to grayish orenge
(1GIE7/4), moderately poor outcrop, lower contact distinct and
unevea, mudstons texture fine silty. limestonea argillacecus,
fossils in limestcnes irclude bivalves and gastropods and are less
abundant than in underlying beds.

Skeletsl carbonate mudstons, unsvan bedding, blocky fracture, vuggy
increasingly so upward, light olive gray (,5!6/1) to very pals
orange (10IH7/4), weathers grayish orangs (10YR7/4) to yellowish

gray (577/2), scderatsly good gutcrop, lower comtact distinet and
w. fossils include bivalves with some gastropods.

Skasletal carbonate sudstons, unsven bedding, slabby frscture,
ferruginous, shale parting st top of umit, light olive (51’5/1)
te grayish oranges (10YK7/4), weathars lignt oliva gray g;z/

very pals orange (1CYRS/2), moderately good outcrop, lower coa-
tact undulatory,fossils are mainly bivalves.

Covered below.

TOTAL THICKNESS * 447 = (/9.7 &)
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[~ Psela =lsec. 7115 R 6 COUNTY: Riley m:n.lg,ﬁ_,_tm
10C. DESC.: Trail cut im side of hill, west side of trail,
TOPD. QUAD.: Ogden, 7.5' MEASURED BY: R. L. Voram
mE DATE: 3/5/T1  ELEV.: 1080' at base

Z700" dus south and 150" due west of the southwest cormer

| BES. o7 Sec. 1. RER, TINS5, Rilev Co. Ka
g R 2O DESCRIPTION

7 Covered above.

6 Argillacecus carbonate mudstome, bedding vavy, uneven, amd comtorted
Ea platy fracture, bioturbated with both vertical and borizoatal
burrows, very light gray (§8) to yellowish gray (518/1) with spets
of light greenish gray (5CTB/1) snd grayish yellow (5Y8/4),, mod—
srately poor cutcrop, lower contact gradationsl, upper ceatact
diatinot, some solution cavities present along bedding, mo fossila.

5 Argillaceous carbonate mudstons, laminsted with alightly wavy

bedding, platy fracture, dense,yellowish gray (5T7/2) te umt
IS olive gray (575/2), weathers same, good outcrop, lower comtact
o.H gradational, gypsus crystal molds occur frem 15 ca. sbove base
upward, no fossila.

m_I 4  Covarsd, sulstooe (?)

3 Skeletal carbonats mudstone, massive vith uneven bedding, large
| blocky fracture, ferruginous, especlally upper part, middle zone
: vuggy, dark ysllowish geay (10TRE/6) to light olive gray (515/2),
. weathers grayish orange (10TE7/4) to very pale orangs (1 2), .
I 1 good eutcrop, lower contact uncertain, bedding plane
10 cm. abova base with many amall (£ 5-6 ma.; gypsum crystal melds,
I‘ fosails include bivalves and gastropods and become mors abundsst
]
|
1
1
[}
1
[
|
1
[
1
[
1
1
1
|
]
1
1
1
'

upsard.

2 Sksletal carbonate mudstens, undulstory beddirg, slabby to chunky
fracture, somswhat poreus, alightly ferruginous, grayish yellow
(578/4) to olive gray ( 5Y7/2), weathers yellowish gray (srr/z).
consists of a sequence of beds 2-5 cm thick with shale particgs,
poor outcrop, lower contact unsven snd indistinct, fossils include

A btivalves and gastropads.
1 Coversd below

{ ==z b [T

14T =

i
ﬁuw 123 TOTAL THICKNESS = 4,23 m (/3.9 #)




® 11s B 6 E COUNTY: Riley STATE: Ks | L1Oc. ¥O. U-2

1OC. DESC,: Roadcut on the east side of Enginser Rosd

TOFO. QUAD.: Ogdem, 7.5° MEASURED BY: B. L. Voran

DATE: 3/5/T7  ELEV.: 1080' st base

[k 4]

BMKS.: of Sec, 1. TItS. FEE. Rilev Co.. Ka

TOTAL THICKNESS+ 3.5 = (10.0 1)

2050" due east snd 1120' dus scuth of scuthweat cornper

DESCRIPTIQN

Covered above

Argillacecus carborate mudstone, than, even bedding, platy fracturs)
yellowish gray (5Y7/2) to light olive gray (5Y5/2}, weathers sams,
moderate outcrop, upper contsct erosional, lower contact gradatioc-
al, tase is marked by a 2-3 cm thick more calcarecus, resistant
bed and 2B cm atove thatisse more argillacecus bed, thus contact
could be placed higher, mo fosails.

Calcarsous sudstone, leminated, thin bedded, shaly fracture, ficas
silty texture, light grayish oracge (10YES/4) to olive gray (5T4/1)
wsathers yellowish gray (5Y7/2) te light olive gray (515/2), poer

gutcrop, lower contact distinct but slightly gradational, no fossily.

Skeletal carbonate mudstons, unmsven bedding, blocky fracture,
ferruginous, dark ysllowish gray {(10YRE/6) to light olive gray
(575/2), veathers grayish crangs (10IR7/4), good cutcrop, lower
contact not exposed, fosails include Permophorus, pyramidellids,

and Ayiculcpectan.
Covered below.
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TI0 5 R6 E CONTY: BRiley STATE:Es |LDC 0. ¥

18C, DESC.: Stream cut, scuth babk of Wildcat Creek.

Iy
rj'
i

4
]

3 0.0

To7AL THICKMESS = 4.03 = {13.2 ft]

TOPO, QuaD.: Ksats, 7.5 FEASUBED BY: R. L. Yorem
DATE: 3/24/T1  ELEV.: 1105' at base
RS

DESCRIPTION

Blus Rapids Shals above.

Argillaceous carbonste mudstons, laminated, wavy, conmtorted
bedding, platy to thin platy fracture, stromatolitic, vuggy, light
gray (§7) to light greenish gray (5C18/1), weatbere yellowizh gray
(5Y8/1), moderately sood Guterop, some poroaity developed alomg
bedding, lower and upper coptacts gradational, s few saall (<8 am)
ZPermophorus? on scme bedding surfaces.

Argillacegus cartonate mudstone, lamingted, even bedding, several
shale partings near top, platy fracture, mottled, olive gray (5Y4/1)
and yellowish gray (5T7/2), weathers yellowish gray (5T7/2), mod-
erately good cutcrop, becomes more blocky near top, dense, lower
contact gradational, stromatolitic, bedding becomes slightly wavy
nasr top, no fosails.

Calcarecus mudstons, thin (<2 cm) bedding, laminated, th.i.:/phty
fracture, becomes platy near top, mottled, olive gray (5T4/1) and
yellowish gray (5Y7/2), weathars, olive gray dominatea lower part
and upper part is mainly yellowish gray, moderatsly poor outcrop,
lower contact sharp, no fosadils.

Calcarecus mudstone, more argillacecus than overlying bed, very
thin bedded, ahaly fracture, yeliowish gray (5T7/2), weathers same,
fins silty texture, poor outcrop, lower contact sharp acd undul-
atory, no fosails.

Skesletal carbonate mudatons, a sirgle bed, blocky fracture, vuggy,
ferruginous, especially vugs many of which are filled with iroa
oxide, grayish orangs (10IR7/4) to light olive gray (5Y6/1),
weathers yellowish gray (5T7/2), good cuterop, lowsr comtact dis-
tinct and undulatory, becomes more argillacecus upward, fossils
ars mainly gastropods with some bivalves, some fossils replaced
by iren oxide.

Skeletal cerbonate mudstone, bedding uneven and undulatory, slabby
fracture, ferruginous, beds of limestona separated by shale partingd,
limestones become thinner upward, with Dany vugs partly
filled bg iren oxide, olive gray (5!451) to pale yellowiah crangs
(10YREB/6), weathsrs grayish orangs (10YR7/4) to yellowish gray
(5T7/2), moderately goed cuterop, lower contact distinct and un~
dulatory, fosails ipciudes bivalves, gastropods, and ?phylloid algas
btivalves most abundant in lower part and gastropods more abundant
near top, fossils patchily distributed near top.

Easly Creek Shals below.
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|Scals: [:23

SEc.t 18 S R7T_E COUNTY: Pott. STATE: Ks. .80, ¥
LOC. DESC.: East bank of Carmahan Cr. just above fork
T0PO. QUAD.: Ulsburg, 7.5° MEASURED BY: R. L. Vorman
DATE: 4/1/TT  ELEV.: 1186’ at base
2GS,
- 225C3

Blue Rapids Shale above.

Argillacecus carbonate mudstone, laminated, wavy, contorted bedding,
platy fracture to thin platy near top, grayish orange (10IRT/4) to
grayish yellow green (5GY7/2), weathers ysllowish gray (5Y7/2) to
very pale orange {10YRE/2), moderately poor cutcrop, both upper

and lover contacts uneven and gradational, slightly ferruginous,
bicturbated, no fossila.

Argillaceous carbonate mudatone, laxinated, amooth, even bedding,
slightly wavy near top, platy fracture, yellowish gray (5T7/2),
weathers same, lower contact gradational, moderately good outervp,
slightly ferruginous, stromatolitic, no fossils.

Calcereous mudstone, uneven acd irregular bedding, platy to chunky
fracture, this unit cannot be distinguished in less weathered
parts of the outcrop, yellowish gray (5Y7/2), weathers saze, mod-
srately poor outcrop, lower contact gradational), fina silty texture,
&/psus crystal 20lds present in lower 5 ca., no foasils.

Argillacecus carbonate mudstone, laminated, emcoth, even bedding,
platy fracture, ysllowvish gray (5Y7/2), weathers sane, moderate
outcrop, lower contact gradaticnal, no fossils.

Calcarecus mudstone, thin, irregular bedding, irregular, conchoidal
to shaly fracture, fine ailty texture, mottled olive gray (5Y4/1)
and yellowiah gray (SY7/2), weathers yellowish gray (5Y7/2), lower
part dozinantly olive gray and upper part mainly ysllowish gray,
poor outcrop, lower ccntact distinct, no fossils.

Skeletal carbonste mudstona, a single bed of limestone, large blocky
fracture, ferruginous nesr top, medium light gray (¥6) through pals
yellowish brown (10YE6/2) to dark yellowish orange (10TR6/€) near
top, weathers pale yellowish brown (10YRE/2) to yellowish gray
(5Y7/2), good outcrop, lower contact distinct, gypsuz crystal molds
present within 2 cm of base, very discoantinuous argillaceocus patchea
(lens-shaped) with no visibls fossils are present scattered through-
out unit—mainly the midile 70%, they are up to 4 ca thick, a few
small ( 2 ca) solution cavities in upper half of uait, fosails
include gastropods (pyramidellids and others) and bivalves
(Aviculopecten, Pamophorus, and otbers).

Covered delow.

TOTAL THICKNESS = 38 m (104 f3)

ok
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SEC. 9 16 S R 8 E COUNTY: Pott. _S_T_Agzn.|m.. b3

LOC. DESC.: Roadcut on both sides of road just west of creek.

TOPO. GQUAD.: Blus Rapids SE, 7.5' HMEASURED BY: R.L. Voras

DATE: 4/7/T71  EiSV.: 1220' st base

RMKS. :

6
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u
1H)
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o
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1

]

"

Sexla: /F

BED JO- LECAIPTION

Blue Rapids Shals abova.

Argillacecus carbonate mudstons, laminsgted, wavy . Platy to
thin-platy fracture, stromatolitic, yellowish-gray (578/1) to light
&ray (N7), veatbers yellowish gray (5Y7/2) to very pale orange (1
poor cutcrop, both upper and lower contacts gradational, biocturbated
vith horizontal and a few vertical burrows, =mall (K7mm) Psrmophorug
occur as molds on some suriaces, mudcracks.

Argillgceous carbonate mudstons, laminated, wavy, irregular bedding,
fhty to slabby fracture, stromatolitic, ferruginous, grayish yellow
5Y8/4) to lignt clive gray (5Y6/1), weathers yellowish gray (577/2)
to medium light gray (N&), moderately good outcrop, lowsr comtact
gradational, vuggy, gypsua crystal molds scattered throughout unit,.
no fosmils.

Calcarecus mudstons, thin, irregular bedding, shaly to thin-plsty

fracture, becomes more calcareous upward with a few limsstone beds
present near top, yellowish gray (5Y7/2), weathsrs same, pooT oute

crop, lower contact distinct, gypsum cryatal molds pressnt through-
out, no fosails.

Sksletal carbonate mudstons, a single bed, blocky fracture, ferru-
ginous, especially upper half of unit, moderate yellowish brown
(10YRS/4) through pale yellowish brown (10YR6/2) to light olive gray
(5Y6/1), weathers dusiy ysllow (5Y6/4) to grayish orange (10TR7/4),
#ood outcrop, lower contact distinet and even, gypsuc crystals
present at base of unit, fossils include gastropods and bivelves in
lower third of unit and gastropods only in upper part, lower part of
unit is more argillaceous with patches of skeletal remains, upper
part has argillacecus areas within the dominsnt pyramidellid grain--
stone, fossils on the lower surface include Aviculopecten, Septi-
ayalina, Permophorus, and others.

Easly Creek Shale below.

POPAL THICKNESS = 3.08 = (10.1 fi)

OYRB/Z)
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SEc.21 Tg S B 7 E COUNTY: Riley mﬂs:;.,[wc.p_o_a Ed

10C. DESC.: Readcut on west side of unimproved road.

TOPQ. QUAD.: Blue Bapids SW, 7.5' MEASURED BY: R.L. Vorsn
DATE: 4/8/TT  ELEV.: 1126' st base.

RMES.:

—

[BED_MO. DESCRIPTION
9 Blues Rapids Shale above.
8 Argillaceous carbonate mudstone, laminated, wavy bedding, platy to

slabby fracture, light olive gray (5Y6/1) to pale greemish yellow
(10YR8/2), weathers sams, moderate outcrop, both upper mnd lower

contacts gradational with lower contact more gradational thaa upper,
upper sur face has pyramidellids and crinoids.

7 Argillaceous carbonate mudstone, ureven bedding, blocky fracturs,

wuggy, slightly ferruginous, wavy laminations, medium gray (§5) te
dusky yellow (5Y6/4), weathers yellowisa gray (5Y8/1), moderately
good outcrop, lowsr coptact distinct and undulatory, argillacecus
patchss scattersd throughout unit, gypsum crystal molds present,
oo fossils.

6 ﬁa.lurwul pudstone, irregular bedding, crumbly to shaly fracture,
fine silty texture, yellowish gray (5YB/1), westhers same, poor

outcrop, lower comtect distinct, no fossils.

Scale: {:23

5 Argillacecus carbonate mudstone, consists of two limestonea with a
ehale parting about 2 ca thick, unit is not evident in less weathered
parta of outcrop, smooth, even bedding, platy fracture, very psle
oracge (10YRB/2) to yellowish gray (5Y7/2), weathsrs saze, moderate
outcrop, lower contact distinct, no fossils.

4 Calcareous mudstone, thin, irregular bedding, conchoidal fracture,
shaly when weathered, fins milty texture, yellowish gray (5Y7/2)
to olive gray (5Y4/1), weathers yellowish gray (5Y7/2), moderately
poor outcrop, lower contact distinct, more calcareous, resistant
sone present with base 103 cam above base of unit, no fosails.

3 Skeletal carbonate mudstone, a single umit, blocky fracture, ferr-
uginous, especially upper half of unit, upver 2 ca extremely argill-
aceous, dark yellowish orange (10TR6/6) to light olive gray (515/2),
weathers very pale orange (10YRB/2) to grayish orange (10YR7/4),
good outcrop, lower contact gradational, aergillacecus patches scat-
tered throughout unit, especially lower 7 cm. and a $ cam zons 12 to
17 caabove base, gypsum crystal molds present 2 to 5 cam. below top
of unit, fossils include bivalves and pyramidellids, many replaced
with iron oxide.

2 Skelstal carbonate mudstone, sligntly wavy bedding, slabby to platy
fracture, pale yellowish brown (10Y26/2) to yellowish gray (577/2),
weatners yellowish gray (5Y7/2), moderate outcrop, lower contact
distinct, ferruginous, skeletal grains are mainly bivalves and many
are replaced by irom oxide, Aviculopecten near top of unit.

1 Covered below

TOTAL THICKNESS = 3.35 m. (I1.0 1)
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[ BT, fus BT E o Geay  SuTE:Ks |Lc. ®. J
10C, DESC.: Roadout om I-70, morth side of road
—* TOPD. QUAD.: Swede Creek, 7.5'  MEASURED BY: Jeppesen, Pearcs,
DATE: 1972 ELEV.: 1226' at base Yot
DS, :

e

DESCRIPTICON
Blue Rapids Shale above.

R
934"
E

® w

Thin to medium bedded laminated limestone; possible selenite molds,
pelecypod shell fragments in upper part.

Blocky calcarecus claystons.
Vugey limestons.

Thin bed of limestons.
Shale parting.

Thin bed of limastone.

-
&
N W s W -

Gastropodal limestons, medium to thick bedded, bellerophontid.
1 Basly Creek Shale below.

0i8

al3

Q27
{s1-}} B

Scale: /:2 TOTAL THICKNESS = 2.5 m. (8.4 f%)




SEC. 6 15 5 RS sm=wm:nlm |

LOC. DESC.: Rosdcut on east side of road

TOPO. QUAD.: Blue Rapids B, 7.5' MEASUEED BY: R. L. Voram

DATE: 6/14/T7 [ELEV.: 1145' at base

BB

5
No
Sanrlu
= 7
1—‘&" [
.;;.
=
g L3 rd
Scale: /:23

—_—

FILE.- DESCRIPTION
8  Elue Rapids Shale above.

Thin to medium bedded platy carbonate mudstons.

Madium gray calcareous mudstone.

Fine grained nodular carbonate mudstons.

Like Unit 6.

Thin, wavy bedded, platy gray argillacecus carbonate mudstonoe.
Xpdium to thick demse cryetalline akeletal carbonate zuistons.
Easly Creek Shale below.

TOTAL THICENESS = 2.2 w (7.3 #1)
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SEC. 21 T4 S R7 B COUNTY: Marmhall STATE: ke | LOC. 0. ¢

10C. DESC.: Boadcut on west side of U.S. 77 north of Blue Rapids,Ks
TOPO. GQUAD.: Bius Rapids, 7.5' MEASURED BY: Jeppesen, Les,

% Fearce, Vest
DATE: 5/25/Tt  ELgv.: 1170 at base.

E___‘H guis.. Just portheast of the bridge over the Eig Blue River
m,.{ 1~ [pED 0. DESCRIPTION
8 Blue Rapids Shale above.
050
\ 7  ligtt gray to whitish medium grained, algal coated grained, calcar-
enite st base grading upward to a fina grained algal costed gruin
to-H—T calcarenite at top; thin to medium and thick wavy beds.

Medium to dark gray calcarsous claystons.
Fine grained nodular carbonate mudstone.
Same a» Unit 6.

Interbadded gray to brown (tan) calcarecus platy shale and platy to
thin wavy bedded argillaceous carbcnate mudstons.

2 Brown, medium to thick bedded, dense crystalline foraminifersl

9
mr

T [Eoo? (opthalaid) caleisiltite with stromatolitic-liss (lamirar)
= weathared surface.
s 1 Easly Cresk Shals below.
L TR0L3
X
2 o
u oLyl

Scale: /:73 TOTAL THICKNESS = 232w (7.6 1)
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APPENDIX ITI

Argillaceous (bag) samples were disaggregated and the residues examined
for microfossils. The following pages contaln lists of the microfossils
identified in the washed residues. ILocations of the samples are shown in

Appendix I,
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Sample Taxa
Seetion O
CO=); healdiaceans, bairdiids
Co=6 healdiaceans
Section Q
CQ-15 smooth-shelled ostracodes, plant debris, coal
CQ-16 smooth-shelled ostracodes, plant debris
CQ=17 Spirorbis sp., plant debris, charcoal, fish debris
CcQ-18 smooth-shelled ostracodes, plant debris
CQ-20 fish debris, Spirorbis sp.
Section Qo
cQ-8 None
Section R
CR=3 hellinids, healdiaceans, bairdiids, pyramidellids,
Earlandia-like foraminifers, holothurian selerites
CR-6 healdiaceans, hollinids, bairdiids?
Seetion S
CS=L hollinids, healdiaceans, bairdiids?, pyramidellids,
bolothurian sclerites, Earlandia-like foraminifers
CS-8 hollinids
CS=10 None
CS-12 None
CS=13 healdlaceans
Section T -
CT-L pyramidellids, hollinids, healdiaceans, bairdiids,
holothurian sclerites, Earlandia-like foraminifers
CT=10 healdiaceans
CT=-11 None
CT-13 healdiaceans
Section U-2
CU=9 hollinids, bairdiids?, healdiaceans, ammovertellids
CU0-10 bairdiids?
CO-12 None
Section V
CV-5 hollinids, healdiaceans, bairdilds?
Section W
CWab hollinids, healdiaceans
CW=13 None
Seetion X
CX-} bairdiids, hollinids, healdiaceans

CX-5

healdiaceans
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Sample Taxa
Section ¥
CY-S healdiaceans, bairdiids?
CY-6 lione
CT=-9 productacean spine
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APPENDIX III

This appendix contains data from mapped bedding surfaces from the lower
Crouse Limestone. It consists of (1) descriptions of fossils observed on these
surfaces and (2) maps of the bedding surfaces showing the relative positions of
fossils. The stratigraphic positions from which the slabs were collected are
designated by a "B" and the number of the surface is given in parentheses on
the measured sections (Appendix I). Two separate areas were mapped on surfaces
CU-13 and CX-1 to obtain sufficient data. They are designated areas #1 and #2
(e.g. CX-1 Area #1). Some data from surface J-1-1 were lost and not all spec-
imens could be identified by number. Some are identified only by a letter.

Fossil names are abbreviated and are listed below:

Abbreviation

Brachiopoda
ling = Lingulid

Bivalvia
Per = Permophorus cf. E. subcuneatus
Avic = Aviculopecten sp.
Acan = Acanthopecten sp.
Pseu = Pseudomonotis sp.
Sept = Septimyalina sp.
Edm = Edwondia? sp.
Gastropoda
Bell = Bellerophon sp.
pyra = Pyramidellid
Echinodermata

crin = Crinoid debris

Arthropoda
ost = Ostracodes
alfr = Algal-coated fragment
burr = Burrow
unid = Unidentifiable
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Fogsil Size
The rumber in this colum is the length in millimeters of Permophorus
cf. P. subcuneatus. Size of other taxa was not measured.
Articulation = art
An x in this colwm indicates that the specimen was articulated,

Valve = val

The letter in this column indicates which valve of the organiam was
observed.

r = right valve
1 = left valve
? = valve indeterminate
Preservation = pres
The following abh&-eviations are used for type of preservation:
o = original or altered shell

i = internal mold
e = external mold

Orientation = orient

Orientation of single valves was recorded. The following abbreviations
are used to indicate orientation:

cu = concave up

cd = concave down

1 = inclined to bedding
Fragmentation = frag

in x in this eolumm indicates that the fossil was fragmented.

Epizoans = epiz

An x in this column indicates that epizoans were attached to the shell.
The only epizoans observed were tubiform sedentary foraminifers and encrust-

ing algae, usually intergrown in Osagia colonies.
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CR=1 Cont ®

# nzme size art val pres orient frag epiz

256 Avie r o cd

257 Per 1.0 1 4 ed

258 Per 10.0 1 i cd

259 Per 13,0 r i ced

260 Per 5.0 r i ed

261 Per 26,0 T ¥ ed x
262 ost 1 ) cu

263 ost r 0 cu

26, ost T ) ed

265  Per 6.0 ? 1 cd

266  Per 7.0 r 3 cd

267 Per - 7 i cd x
268 ost T ) cd

265 Per 13,0 ? 0 cu

270 ost r 0 cd

27 Per 10.0 1 i cd

272 Per - X 0 i

273 Per 9.0 r i cd
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CT=-1

# name size art val pres orient frag epiz
1 Per 13.0 T i cd
2 Per - /- 1 ed
3  Per 5.0 x 2§ ed
i Not a fossil
g  Per 5.0 r i ed
6 Per 7.0 r i ed
7 Per 11.0 1 i cd
8 Per 740 T i ed
9 Per - ? i cd
10 Per 11.0 ? 1 cd x
11 Per 6.0 r i ed
12 Per 15.0 1 i ed
13 Per 10,0 1 i cd
1L pyra i
15 Per 13.0 il i cd
16 Per 10.0 1 : cd
17 pyra x
18  Per 11.0 1 i cd
19 Per 12.0 T i cd
20 Per 17.0 r o] cd x
21  unid e} cu X
22 Per 9.0 T i cd
23  Per 1.0 r i ecd
2  Per 12.0 1 (o} cd X
25  Per 12.0 T i ed
26 Per 8,0 r i ed
27 Per 9.0 ? i ed
28 Per - K s cd
29 Per - 1 o] cu ¥
30 Acan T 0 cu
31 Avie 2 ) ed
32  Per 5.0 3, . cd
33 Seprt ? o cd x
34 Acan 1 0 cd X
35  Per 1.0 r i cd
36 Per 8,0 r 1 cd
37 Per 13.0 1 i cd x
38  unid o} x e
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L2 Per 15.0 r i ed
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LW Per 12,0 r i cd
L&  Per 13,0 1 o cu
L7 Per 13,0 » i ed b2
L3  Per 16,0 i i cd
Lo Per 15,0 1 i ed
50 Per 13.0 r 4 ed
51 Per 11.6 1 o ed
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APPENDIX IV

Thin sections from 99 samples were examined. Rock names were assimed
according to Folk's (1962) classification of limestones and grain size
scale for carbonate rocks. The stratigraphic positions from which the
samples were collected are shown in Appendix I. Sample numbers with an
"a" or "b" at the end (e.g. CQ-7a, CQ-7b) designate a slide made from the
bottom or top varts respectively, of a sample.

# indicates thin sections point counted as representative of the four
major rock tiypes

#* indicates other thin seetions point counted
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Rock Name

:C0-1

C0-2

co-3

C0-5

CO0=7

C0-8

CQ-2

CQ-3

CQ-L

cQ-5

CQ=6

CQ-7b

Medium calcarenite: immature, recrystallized
bivalve, ostracode, gastropod, foraminifer silty
Blomicrite

Fine calcarenite: Iimmature, recrystallized
ostracode, foraminifer, silty, ferruginous
Biomicrite

Fine calcarenite: immature ostracode, foraminifer,
Osagia, ferruginous Biomicrite

Ferruginous Dismicrite

Medium calecarenite: immature recrystallized
ostracode, foraminifer, bivalve, gastropod,
echinoderm, pelloid-bearing Biomicrite

Medium calcarenite: immature reerystallized
bivalve, foraminifer, gastropod, ostracode,
algal, echinoderm Biomicrite

Fine caleirudite: immature recrystallized
bivalve, gastropod, ostracode, foraminifer,
echinoderm, Osagia Biomicrudite

Coarse calcarenite: immature recrvstallized
bivalve, zastropod, ostracode, Osazia Biomicrite

Coarse calcarenite: dimmature recrvstallized
gastropod, bivalve, ostracode, foraminifer,
bryozoan, Osazia Biomicrite

Coarse calcarenite: immature recrystallized
gastropod, ostracode, bivalve, pelloid-bearing
Biomiecrite

Medium calcarenite: dimmature recrystallized
gastropod, ostracode, foraminifer, bivalve,
ferruginous Biomicrite

Fine calcarenite: immature recrystallized
ostracode, foraminifer, gastropod, bivalve,
ferruginous Biomicrite

Medium calecarenite: immature recrystallized
ostracode, castropod, foraminifer, bivalve,
Osazia, ferruginous Blomicrite

Dolomitized silty Micrite
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Rock Name

CR-10
ce=-11

CR-12

CQ-19

cQ-19+

CR-2

Ch-2+

CR-L

CR-5

CR=7

CR-9

#%CS-1

0S-5

Dolomitized ostracode, foraminifer, silty Micrite
Dedolordtized ostracode, foraminifer, silty Micrite

Recrystallized ostracode, bivalve, foraminifer,
laminated silty Micrite

Fine calecirudite: immature recrystallized clast-
bearing, ostracode, vertebrate, charcoal-bearing
Biomicrudite

Fine caleirudite: immature recrystallized clast-
bearing, ostracode, vertebrate, charcoal-bearing
ferruginous EBicmicrudite

Coarse calcarenite: immature recrystallized
bivalve, gastropod, foraminifer, ostracode, echino=-
derm, Osagia Biomicrite

Medium ealcarenite: immature recrystallized
bivalve, gastropod, foraminifer, ostracode,
Osazia, ferruginous Biomicrite

Medium calecarenite: immature recrystallized
ostracode, gastroped, bivalve, foraminifer,
Osagla, silty Biomierite

Fine ecaleirudite: dimmature recrystallized
gastropod, bivalve, ostracode, foraminifer,
Osagia Biomicrudite

Fine calcirudite: Immature recrystallized
gasiropod, bivalve, foraminifer, ostracaede,
ferruginous Biomicrudite

Fine calcarenite: immature recrvstaliized
ostracode, silty Blomicrite

Fine calcarenite: immature recrystallized
ostraccde, foraminifer Biomierite

lYedium calecarenite: Immature recrystallized
ostracode, foraminifer, ferruginous Bicmicrite

Fine calcirudite: immature recrystallized
bivalve, gastropod, algal, ostracode, Csagia,
pelloid-bearing Biomicrudite

Fine calecirudite: immature recrystallized
gastropod, bivalve, foraminifer, ostracode,
pelloid=-bearing Biomicrudite
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Sample Rock Name
#0S-6 Coarse calcarenite: immature recrystallized
gastropod, bivalve, foraminifer, ostracode,
ferruginous Biomicrite
CS- Mine calcarenite: immature recrystallized
ostracode, foraminifer Biomicrite
Cs-11 Dolomitized ostracode Micrite
CS-1ly Dedolomitized laminated silty Mierite
#CS=-15 Dolamitized ostracode, foraminifer silty Micrite
#CS=16 Dedolomitized ostracode laminated silty lderite
CT=-2 Fine calcirudite: immature recrystallized
bivalve, gastropod, ostracode, algal, echinoderm,
Usagia, silty Biomicrudite
CT-5 Coarse calcarenite: immature recrystallized
gastropod, bivalve, ostracode, foarminifer,
pelleid=bearing Biomicrite
CT-& Fine calcirudite: immature recrystallized
bivalve, gastropod, ostracode, foraminifer
Blomicrite
CT=-7 Medium calcarenite: immature recrystallized
ostracode, foraminifer, gastropod, bivalve,
pelloid-bearing Bicmiecrite
CT-8 Fine calecirudite: 3immature recrystallized
gastropod, bivalve, foraminifer, ostracode,
Osagia, ferruginous Biemicrudite
CT=9 Medinm ealecarenite: immature recrvstaliized
ostracods, gastropod, foraminifer, ferruginous,
silty Bicmierite
CT-12 Recrystallized ostracode, foraminifer, silty
Micerite
CT=-1} Dedolemitized ostracede, silty Micrite
CT-15 Dolamitized ostracode, silty Micrite
CT-16 Dolemitized ostracods, laminated, ferruginous,
gilty Micrite
CT-17 Dedolamitized ostracode, silty Micrite
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Rock Name

CU-1

CU-L

cU-5
CU-6

*CV=1

CV=6

Coarse calcarenite: Iimmature recrystallized
bivalve, gastropod, ostracode, foraminifer,
silty Biomicrite

Coarse calcarenite: immature recrystallized
bivalve, ostracode, foraminifer, silty Biomicrite

Coarse calcarenite: Immature recrystallized
gastropod, ostracode, bivalve, foraminifer,
silty Biomicrite

Fine calecirudite: immature recrystallized
gastropod, bivalve, foraminifer, ostracocde,
echinoderm, ferruginous Biomicrudite

Dedolomitized ostracode, silty Micrite

Fine calcarenite: immature dedolomitized ost=-
racode, foraminifer, ferruginous, silty, Eio-
mierite

Dedolomitized ostracode, silty Micrite
Dedolomitized ostracode, laminated, silty lHcrite

Recrystallized ostracode, foraminifer, gastrapod,
silty Micrite

Coarse calcarenite: Iirmmature recrystallized
gastropod, bivalve, algal, ostracode, foraminifer,
Osagia, ferruginous Biomicrite

Coarse calcarenite: immature recrystallized
gastropod, bivalve, ostracode, foraminifer,
algal, Osagia, ferruginous Biomicrite

Medium calcarenite: immature recrystallized
bivalve, ostracode, foraminifer, Osagia Bio-
mierite

Medium calecarenite: immature recrystallized
ostracede, bivalve, foraminifer, Osagia, ferr-
uginous, silty Blomicrite

Fine calcirudite: immature recrystallized
bivalve, gastropod, ostracode, foraminifer,
Osagla, ferruginous Biomicrudite

Silty, argillacecus Micrite
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Sample Rock Name
CV=-T7 Dedolomitized ostracode, foraminifer, silty
Herite
Ccv-8 Dedolcomitized ostracode, foraminifer, silty
Micrite
Cv=-9 Recrystallized ostracode, silty Micrite
Cv-10 Reerystallized ostracode, foraminifer, silty
Micrite
Cv-11 Medium calcarenite: dimmature recrystallized
ostracode, foraminifer, bivalve, silty Eiomicrite
CV=13 Dedolomitized recrystallized ostracode laminated
Micrite
Cv-1L Recrystallized ostracode, ferruginous, silty
Mierite
0TT=2 Coarse calcarenite: immature recrystallized
bivalve, gastroped, ostracede, algal, foraminifer,
Osagia, ferruginous Biomierite
Ci=3 Coarse calcarenite: irmature reerystallized
bivalve, gastropod, ostracode, algal, foraminifer,
Osagia, ferruginous Biomicrite
Cl=ly Medium calcarenite: immature recrystallized
gastroped, foraminifer, ostracode, bivalve, algal,
Osagia, ferruginous, Biomicrite
CW=5 Silty, argillaceous Micrite
CW=-7 Dolomitized silty, argillacecus Micrite
Cw-8 Dolamitized silty Micrite
Cll-9 Reerystallized ostracode, foraminifer, silty,
Micrite
CW-10C Dedolomitized foraminifer, ostracode, silty
Micrite
=11 Dolomitized recrystallized ostracode, laminated,
silty Mierite
=12 fine ecalcarenite: dirmature recrystallized ost-

racode, foraminifer, ferruginous, silty Mdcrite
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Rock Name

CW-1lLa
CW-14b
CW=15
CX=-1
3 C0U=2
CX=3

Cx-6

CI=-7

cx-8

##CX-9

##CT=12

CI-1b

Recrystallized ostracode, laminated, bioturbated,
silty Mierite

Dolomitized, recrystallized ostracode, laminated,
silty Micrite

Fine calcarenite: immature dedolomitized, re-
cerystallized ostracode, foraminifer, echinoderm
Biomicrite

Fine calcirudite: immature recrystallized
gastropod, ostracode, foraminifer, biwvalve,
algal, Osagla, ferrnginous Biomicrite

Medium calcarenite: immature recrystallized
foraminifer, ostracode, gastropod, algal, bivalve,
Osagzia Biomlcrite

Coarse calcarenite: immature recrystallized
gastropod, ostracode, bivalve, algal, foraminifer,
echinederm, Csazia, ferruginous Biomicrite

Fine calcarenite: immature recrystallized
ostracode, foraminifer, silty Biamicrite

Medium calcarenite: immature dedolomitized
recrystallized ostracode, foraminifer, ferruginous,
silty Bicmicrite

Dedolomitized, reerystallized ostracode, foram-
inifer, laminated, silty Dismicrite

Recrystalllized ostracode, forarminifer, laminated
Mierite

Coarse calecarenite: Iimmature recrystallized
bivalve, ostracode, gastropod, echinoderm, foram-
inifer, Osagla, pelloid-bearing, ferruginous,
gilty Biomicrite

Coarse ezlearenite: immature reerystallized
gastropod, bivalve, ostracode, echinoderm, foram-
inifer, algal, Osagla, ferruginous, silty Bio-
micrite

Fine calcarenite: immature recrystallized
foraminifer, ostracode, echinoderm, bivalve,
pelloid-bearing, intraclast-bearing Biomicrite
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Sample Rock Name

Ci=3 Fine calcarenite: immature recrystallized
ostracode, foraminifer, echinoderm, bivalve,
silty Biomicrite

CI-4 Coarse calcarenite: immature recrystallized
gastropod, bivalve, ostracode, foraminifer,
algal, Osagia, ferruginous Biomicrite

CI-7 Dolomitized silty Merite

cY-8 Dolemitized, recrystallized ostracede, silty
Mierite

C7-10 Dolomitized ostracode, echinoderm, foraminifer,
silty Micrite

CY=-11 Fine calcarenite: dirmature dolomitized, dedolo=-
mitized ostracode, foraminifer, bivalve, Osagia,
silty Biomicrite

Ci-12a Fine calcarenite: immature recrystallized
ostracode, foraminifer, bivalve, Osagia Bio-
micrite

CI-12b lledium calcarenite: immature recrystallized

gastropod, foraminifer, ostracode, bivalve,
echinoderm, Osagia Biomicrite
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APPENDIX V

Approximately 1L00 points were counted on each of ten thin sections
according to the methos described by Chayes (1949). These data are sum-
marized on the following pages. The stratigraphic positions of the samples
from which these thin sections were made are shown in Appendix I.l

¥ indicates thin sections point counted as representative of the four
major rock types

3% indicates other thin sections point counted
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##:S1ide CO-1
umber of Percent of Percent of

Type of Particle Points Roek Skel, Grains
Orthochems (Matrix)

Mierite 860 62.4 --

Microspar 123 8.9 -

Spar 25 1 08 -
Mlochems (Grains)

Bivalves 55 L0 15.0

Ostracodes 140 10,2 38.3

Osacia 6 Oy 1.6

Castronods L8 3,5 13.1

Pnerusting Foraminifers 10 0.7 2.7

Free-living Foraminifers 13 1e3 1149

Phrlleid Algae 1 0.1 0.3

Unidentifiable Skeletal

Fragments 88 6.4 2L 0
Terrigenous (Grains)

Quartz Silt 5 0.3 -

Total 1379 100.0 99.9

Grain/Matrix Ratio = 0,363
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Grain/lMatrix Ratio = 1,131

#3¢51ide CS-1
Humber of Percent of Percent of

Type of Particle Points Roek Skel. Grains
Orthochems (Matrix)

Mierite L55 32.3 -

Microspar 126 8.9 -=

Spar 78 Sad --

Iimenite 7 0.5 s
Allochens (Grains)

Bivalves 169 12,0 23,1

Ostracodes 31{.%3 Eﬁ ol L6, E

Osaéa 9 * 9 9 .

Gastropods L7 3.3 6.1

Eechinoderms 2 0.1 C.3

Enerusting Foraminifers 11 0.8 1.5

Free-living Foraminifers 21 ¢ 2.9

Phylloid Algae 5 0.2 0.7

Pelloids 3 0.2 —

Unidentifiable Skeletal

Fragments 66 La7 9.0
Terrigenous (Grains)

Quartz Silt 6 0.t e

Total 1408 99.9 100,.1
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#S81ide CS-6
_ Number of Percent of Percent of
Type of Particle Points Rock Skel, CGrains
Orthochems (Matrix) -
Mierite 227 16,7 -=
Mierospar 119 1.0 -
Spar 25 23 . 9 -
Limonite 1 8P -
Alochems (Grains)
Bivalves 114 8.4 18.8
Ostracodes 90 6.6 14,8
Osagia 6 0.t 1,0
Gastropods 266 19.6 3.8
Eshinoderms 7 0.5 1.2
Enerusting Foraminifers 8 0.6 1.3
Free-living Foraminifers 5 0.4 0.8
Unddentifiable Skeletal
Fragments 111 8.2 18.3
Porosity L3 3.6 -
Total 1358 100.0 1000

Grain/Matrix Ratio = 0,866
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famber of Percent of Percent of

Type of Particle Points Rock Skel, Grains
Orthochems (Matrix) -

lderite 1203 85.3 -

Merospar 139 9.9 -

Spar 15 141 -
Mlochems (Grains)

Ostracocdes 11 0.8 9.7

Free-living Foraminifers 1 0.1 8.3
Terrigenous (CGrains)

Quartz Silt 10 1.0 -~
Porosity 28 2.0 -

Total 1411 100,.2 100.0

Grain/Matrix Ratio = 0.019
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#Slide CS-16

umber of Percent of Pereent of

Type of Particle Points Rock Skel, Grains
Orthochems (Matrix) :

Mierite 1116 79.1 R

Microspar 219 15.5 -

Spar L 3.1 —
Allochems (CGrains)

Ostragodes 10 0.7 6.7

Bivalves 2 0.1 13.3

Free-living Foraminifers 3 0,2 20,0
Terrigenous (Crains)

Quartz Silt 12 0.9 -
Porosity L 0.3 e

Total 110 99.9 100,0

Grain/Matrix Ratio = 0.0



197

#S1ide CV-1

Number of Percent of Percent of

Type of Particle Points Rock Skel, Grains
Orthochems (Matrix)

Mierite 526 38.6 gy

Microspar 50 3.7 -

Spar 178 13.0 -
Allochems (Grains)

Bivalves 239 17.5 39.8

Ostracodes 197 1h.h 32.8

Os%ia 21 1 .E 3 05

Gastropods 25 1.8 a2

Echincderms 2 o%% 0.3

Encrusting Foraminifers 9 e 1.5

Free-living Foraminifers 9 Oaf 1.5

Unidentifizble Skeletal

Fragments 28 T2 16.3
Terrigenous (Crains)

Quartz Silt 2 0.1 -
Porosity 8 0.6 -

Grain/Matrix Ratio = 0.798
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#%S1ide Ci-2
Namber of Percent of Percent of

Type of Particle Points Rock Skel, Crains
Orthochems (lzatrix)

Mierite 182 13.6 -

Microspar 255 1941 -

Spar 336 25 I1 ——
Mlochens (Crains)

Bivalves 195 1h.5 3L

Ostracodes L 3.1 Tt

Osagia 13L 10.0 23.8

Gastropods 51 3.8 9,0

Zchinoderms 3 0.2 0.5

Enerusting Foraminifers 11 0.8 2.0

Free-living Foraminifers 7 0.5 142

Unidentifiable Skeletal

Fragments 122 9.1 21.6

Total 1337 99.8 09.9

Crain/latrix R,tdo = 0,730
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3##81ide CX=2

Mumber of Percent of Percent of
Type of Particle Points Rock Skel. Grains
Orthochems (Matrix)
Mierite Loz 35.7 C -
Microspar 51 3.7 -
Allochems (Grains)
Bivalves L 0.3 1.1
Ostracodes 152 11.0 10,9
Ozagia 1 0.1 0.3
Gastropods 11 0.8 3.0
Encrusting Foraminifers él ho6 17
Free-living Foraminifers W1 e 11,0
Unidentifiable Skeletal
Fragzments 99 T2 2646
Terrigenous (Grains) -
Quartz Silt 5 0.l -
Total 1378 100.0 1001

Crain/Matrix Ratio = 0,377
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##81ide CX-9
Ihmber of Percent of Percent of

Type of Particle Points Rock Skel, Grains
Orthochems (Matrix)

Mierite 837 6545 ;-

Microspar 12 9.7 —

Spar 182 14.2 -
Allochems (Grains)

Bivalves 2 0u2 1.5

Ostraccdes 73 5.7 okl

Encrusting Foraminifers 5 0.L Sul

Free-living Foraminifers b 0.3 3.0

Unmidentifizble Skeletal

Fragments 1 342 37.8
Terrigenous (Grains)

Quartz Silt 10 0.8 -

Total 1278 1C0.0 1C0.1

Grain/Matrix Ratio = 0,118
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##51ide CY-1a

Number of Percent of Percent of

Type of Particle Points Rock Skel. Grains
Orthochems (Matrix)

Mierite 38]4 28 . 3 -

Microspar 366 27.0 -

Spa_'[‘ 92 6 . 8 -
Allochems (Grains)

Bivalves 134 9.9 27.8

Ostracodes 139 10.2 28.8

Osagia 120 8.8 2.9

Gastropods 6 0.l 142

Echinoderms 8 0.6 1a7

Encrusting Foraminifers 19 1.L 3.9

Free-living Foraminifers 9 0.7 1.9

Pelloids 12 0.9 -

Unidentifiable Skeletal

Fragnents h? 3 OS 9 -8
Terrigenous

Quartz Silt i 0.3 -
Porosity 13 1.3 -

Total 1358 100.1 100,0

Grain/latrix Ratio = 0,587



APPENDIX VI

lieight percent insoluble residue was determined and these data are
listed in this appendix. The stratigraphic position from which the

samples were collected is shown in Appendix I.
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Weight Percent

Sample Insoluble Residue
C0-1 1L.42
CO=-2 13.13
C0=3 16.11
Co=L 30.83
CO=5 10,82
CO=6 28,60
CO<7 8.3
C0-8 6,16
CcQ-1 38.28
CQ=2 14.28
GQ"B 8 |82
CQ‘h 1 0087
CQ"S ll e 1 2
CQ=6 L.30
CQ"? 1 O. 22
CQ-8 35.47
CQ=9 22.28
0Q-11 12.21
CQ=12 10,78
CQ-13 10.10
CcR-1L 11.01
CQ=17 76.83
CC=18 78,28
CQ=19 9.50
CQ=19+ 23.54
CQ=-20 80,46
CR""1 11 .,.!.1
CR-2 10.16
CR=2+ 24,98
GR"'B 560 89
CR-'}_L 8 |1 8
CR=5 8.65
CR-6 37.97
CR=7 11.97
CR-8 7495
CR=9 9.8%
CS"I 1 1 .88
GS-2 ? u69
C3=3 13.56
CS=l 59,59
CsS-5 785
CsS=6 13.38
CS=T7 10.33
CS=8 25.30
CS=9 26.93

CS=10 38,05
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Vleight Percent

Sample Insoluble Residue
CS=13 28.L7
CS=1l; 22,82
CS=15 18.39
CS=16 12,10
CS-17 15.88
CT=1 784
CTa2 5.16
CT-3 17.30
CT']-J- 611466
CT=5 13.00
CT=6 9415
GT-? 6.1h
CT"'8 5-53
CT-9 14.86
CT-10 38.47
CT=11 31187
CT-12 23.61
CT=13 26,81
CT«15 12.2
CT"16 12.136
CT=17 19419
CT=18 20,18
CT-19 30,58
CU=1 12,26
GJ"' 60,-1)4
GU‘1 3 3.83
U=l 5.3
CU‘9 BJ-I-ITLJ-
CU=10 31.50
cU-11 13.94
=12 25 .69
CU-5 10.28
CU=6 7.65
U7 10.75
cU-8 11.58
CV-1 12.43
CVa? 9.66
C7= 9.95
cv-4 5eT7
Cv-5 L3l
Cv-é 380140
CV=7 29.76
CV=8 27.37
CV-9 28,95
Cvi1 0 9.88

CV-1l 10.9L



Weight Percent

Sample Insoluble Residue
C7-11 8.15
CV=12 15,65
CV-13 12.60
Clm2 3.09
CW=3 2.73
CW-ly 3.40
Cil=5 3773
C=b 32,14
CT.-J-? 27 ® 20
Cii=8 33.26
CW«10 10,23
Cv=15 9453
ClF=12 16.87
CW=13 23,08
CWa1ly 18,53
CW=-11 18.85
CX-1 6.93
CX-Q hoah
CX=3 7.98
CX"'I-I- 35 039
CX= 219
CX=b 9.59
CX=T 9,26
CX-8 1L.24
CX=9 12.25
0X=10 17.93
CY=1 $.53
CY-2 13.11
Ci-3 16,51
CY-l; 11.17
GY"S 38 -59
CYié 38 091
CY=T 22,19
CY-8 19,86
CY=9 21.83
CY«10 11.02
CY=11 1471
CY-12 776
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APPENDIX VII

This appendix contains data obtained from Z-ray diffraction analyses.
The stratigraphic positions from which the samples were collected are in
Appendix I and (section E) in West, et al. (1972, p. L6-L9).
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Calcite Calcite lMole % MgCO Mole % Ca
Sample Dolomite Qartz in calcite in dolomite
CO=2 - 11.5 2.25 -
CO=ly - 3.5 1.35 -
CO=5 -- 32.3 1.65 -
#C0=6 0:0 — —— 53,10
CO0=7 - 2L.0 2.55 -
CQ=2 - 9,0 2425 i
CQ'3 - 2]-1 . 0 2 055 -
CQ-!J - 11 .5 1 ;62 -
CQ-5 -- 2L.0 0.80 -
0Q-6 s 99.0 1.95 -
CQ-T7 - 1.5 1.62 --
CQ=8 S.6 2.6 1.95 56,85
CQ-9 3.6 5.2 1.95 56,15
CQ=10 16.4 6.3 2.20 56.77
cQ-11 - 11.5 2.55 -
CQ-12 - 2L.0 1.62 -
GQ"‘1 3 - 32'3 2.80 -
cQ-1L - 32,3 1.62 -
CQ-15 - 0.2 0.0 -
CQ"16 il 0.2 1 n35 -
cQ-17 . 0.1 1.05 —
CQ=18 - 0.6 0,60 -
0Q=19 - 2L,0 1.95 -
CQ-19+ - ST 1.95 -
€Q-20 - 0.3 1.05 -
GR'h - 2).!..0 1 095 -
CR=6 — 2.6 1.95 -
CR=T - 1145 1.62 _—
GR"9 - }4900 1 095 -
CS=1 - 11.5 1495 -
CSe2 — 32,3 1.95 -
CS=3 - 11.5 1.00 -
CSE-J.L - 1 2 1 .62 e
CS<5 - 1363 2,50 -
CS=6 - 6,7 1.95 -
C'S"'? - 13-3 1 195 -
CS=8 4.8 2.5 1,62 55455
35‘9 3-6 3-6 1095 560118
CS=10 16.5 2.2 1,62 56,17
CS=11 2.9 6.1 2.50 56,13
Gs-12 15.0 3.8 1.35 56.17
CS=13 6.8 M | 1.95 57.05
CS-1L 38.5 3e7 1.95 5L.32
Cs-15 10.L 3T 1.95 56.18
CS=16 4l.0 8.8 1.62 £5.25
CS‘1 7 - 6.1 1 a62 —-——
CT=-7 - 2Li.0 1.05 s
CT-11 = 2.6 1.95 -
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Caleite Calcite Mole % MgzCO Mole % Ca
Sample Dolamite Quartz in calcite in dolamite

CT‘13 - }-ho 1095 =
CT=1l - 6.7 1.95 -
CT=15 2o 9.7 2.55 56,48
CT-18 3.9 3.9 1.95 53.43
CU-"! - 11 05 1095 s
-6 - 1.5 1,62 -
CU-10 - L3 1.62 -
co-11 - 15.7 1.62 -
Cl=12 - 641 1.95 i
CU-13 - 49,0 1435 —
CV-3 — 8.1 2.20 -
CV=6 - 3.8 1.62 -
CV-B - 703 1 095 ——
cv_9 -t 507 2020 —~—
CV=12 - L6 1.35 --
CV—‘”.& — 1303 1 035 =
Cil=3 -- L%.0 1.95 -
C’J—6 705 5.0 2025 SS 055
CW"? ho? )Jo? 1 -95 56.17
CW=8 18.8 3.6 1.62 55455
CW=10 . 2.0 1.95 -
Civm11 i L1 1.62 5L .62
Cilme1 2 - 5e7 2.25 -
Ct‘f'13 )403 303 1 095’ 5)4-32
Ci=1] 2.8 S 1.62 5h.32
CW-15 -- 11.5 1.35 -
CX=2 - 19.0 2.55 e
CX=lt - 3,2 1.95 -
CX~5 - L.3 1.00 i
CX—6 - 2’4‘0 1 .35 -

V-B —— 703 1 095 o
CY-1 - 11.5 2420 -
8Y-2 - T3 1.62 -
CY-3 - Le3 2.20 _—
CY'}-L LI-S.O 1103 1‘35 55-25
CY-5 9.6 2.6 1.80 56,18
C‘Ibé JJ».9 2.0 2020 5’4-90
CY-'? 200 3.8 1.35 55087
CY-a 202 3.6 0070 56.17
CY=9 2.0 3.2 0.70 5L.95
CY-10 2.0 6.0 1.05 55.87
CY-11 5eT 57 1.62 5495
Ci=12a - 1303 2055 -
E-6 - BB 1.35 -
E-7 e 2.9 2.25 55.55
E—B - 507 1.95 -

# no calcite in this sample
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ABSTRACT

A study of the fossil assemblagzes and stratigraphy of the Crouse
Limestone in north e¢entral Kansas was undertaken to (1) test a previously
proposed depositional model which suggested that the Crouse Limestone rep-
resents a regressive tidal flat sequence deposited in a lagoonal énvironment
and (2) expand the area previously studied to include outcrops to the north
where evidence suggested open marine conditions and the southwest where evi-
dence favoring subaerial exposure was observed.

Careful stratigraphic correlation indicated that the rocks previously
examined a2t sections in southern Marshall County were not the Crouse Lime-
stone. Study of the proper stratigraphic interval at those outcrops revealed
that they also support a regressive carbonate tidal flat environment of dep=-
osition.

Detailed study of a unique exposure in northerm Geary County showed
that an erosional surface and rock units above it--conglomerate, black shale,
limestcne, and gray mudstone--are consistent with the regressive interpret-
ation, These units are interpreted as tidal channel and swamp deposits
which are to be expected in a tidal flat enviromment,

Biotic data obtained from bedding surfaces, washed residues, and thin
sections support the interpretation of the Crouse limestone as a regressive
carbonate tidal flat sequence. Fossil assemblages decrease upward in (1)
density, (2) diversity, (3) mean size of individuals, and (L) size range of
individuals. Petrologic data from the study of thin sections, insoluble
residues, and X-ray diffraction also support the regressive interpretation.
Dolomite and gvpsum found in the middle shale and upper limestone occur in
intertidal to supratidal deposits.

The area represents a protected lagoon and/or tidal flat. This tidal



flat and/or lagoon occupied the Irving Syncline, bounded on the West by

the Abilene Anticline and on the east by the Nemahz Anticline.





