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ABSTRACT

The Missourian Ladore Shale (Middle Pennsylvanian) overlies the Bethany Falls
Limestone and is bounded above by the Mound Valley Limestone on the Cherokee
shelf in southeastern Kansas. The Mound Valley pinches out southward, and the
Ladore Shale and overlying Galesburg Shale are recognized as portions of the
Coffeyville Formation in Oklahoma.

Three Ladore lithofacies are recognized on the Cherokee shelf of southeastern
Kansas and northern Oklahoma. The fine-grained, silty-shale lithofacies, present
across southeastern Kansas, is dominated by black or grey shale containing fine
siltstone interlaminations with abundant plant fragments, and represents rapid
deposition of sediments in a low-energy prodeltaic facies. The siltstone-shale
lithofacies is predominantly composed of lenticular, wavy and flaser-laminated
siltstone interbedded with shale. This lithofacies, which is increasingly thick and
more widespread southward in southern Kansas and northern Oklahoma, is
extensively bioturbated and contains abundant plant fragments. It represents
deposition along a seaward-sloping delta front within a distal bar and distributary
mouth bar facies. Shoaling conditions seaward of the river discharge allowéd
fluvially-deposited sediments to be reworked by tidal activity. The sandstone
lithofacies, present only in northern Oklahoma, is composed of very fine-grained
massive and laminated sandstone beds that were deposited as distributary channel
sand in a lower delta plain setting. Southward increases in grain size and

sandstone thickness indicate that Ladore sediments were most likely derived from



the Ouachita Mountains and deposited as a northward prograding fluvial-deitaic l
complex.

Formation of siderite nodules began before significant compaction. Alteration of .
potassium feldspars to kaolinite by meteoric waters liberated silica that was
precipitated as quartz overgrowths on detritial grains. Poikilitopic calcite cement .
and pyrite formation occurred as saline waters moved through these units during the
deposition of the overlying Mound Valley Limestone. As burial continued, increasing (
temperatures allowed smectite to be converted to illite. This coupled with '
maturation of organic matter produced a shale-water solvent which produced
framework grain alteration and dissolution in sandstone units. Modern weathering
of siltstones and sandstones resulted in increased secondary porosity and

production of ‘box-work' iron-oxide structures due to dissolution of iron-rich

carbonate cements.
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INTRODUCTION

Geologic setting

During Early Pennsyivanian time, the collision of Laurasia with Gondwana
resuited in the formation of two major tectonic provinces in the mid-continent
region: the uplifted Ouachita fold belt in southern Oklahoma, and the creation of
the Arkoma-Anadarko basin complex, formed by crustal downwarping to the north
(Figure 1) (Rascoe and Adler, 1983).

During early Late Pennsylvanian (Missourian) time, the Arkoma basin in
southern Oklahoma and the associated Cherokee platform in southern Kansas
were the primary depocenters for siliciclastics originating from the Ouachita uplift.
Detrital sediments episodically flooded the Arkoma basin, occasionally lapping
onto the Cherokee platform, and replacing carbonate production with siliciclastic
sedimentation (Watney et al., 1989). The Ladore Shale appears to have formed
as the result of deltaic/prodeltaic deposition as deltas prograded across the
Arkoma basin and affected the Cherokee shelf during a period of regression

(Boardman and Heckel, 1989).

Previous investigations
The Ladore Shale was first described by Adams (1903). Later Hinds and

Greene (1915) placed the Ladore in the Kansas City Formation and described
this unit as “shale between Hertha and Bethany Falls limestones”. Moore (1936)

described the type locality of this unit to be at the former town of Ladore (sec 27,



Figure 1: Major tectonic provinces of the mid-continent during
Missourian Stage.
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T 30S, R 19E) in southern Neosho County, Kansas. This unit was further defined
by Moore (1936) to include beds between the top of the Hertha and the base of
the Swope Limestone.

These units have since been recorrelated, and the bounding units of the type
Ladore Shale in southeastern Kansas are now recognized to be the underlying
Bethany Falls Limestone Member of the Swope Limestone and the overlying
Mound Valley Limestone (Heckel, manuscript in review) (Figure 2).

The informal term “Ladore interval" is used to describe the shaley/sandy
interval in about the middle of the Coffeyville Formation of the Kansas-Oklahoma
boarder region. In northern Oklahoma the Ladore merges with thick deltaic
sediments, and where the Mound Valley Limestone is absent, the sandy intervals
of the Ladore and the overlying Galesburg shale are known informally as the
‘Layton sands" (Watney et. al., 1989). Here the Ladore, also known as the lower
Layton sands, is underlain by the black Tacket Shale, a basinal facies, into which
the Swope Limestone and older units have graded southward. The Layton sands
and associated fine-grained facies are recognizable in the subsurface of northern
Oklahoma, and range in thickness from 100 ft ( 30.5 m) on the Cherokee shelf to

450 ft (137.2 m) in the Arkoma basin (Visher et al., 1980).

Objectives

The objectives of this study were:

1) To interpret the depositional environments and the facies relationships of
the sediments within the Ladore interval by examining the lithofacies and
sedimentary structures present in cores and outcrops, and to interpret the

geometries of Ladore interval lithologies as represented by core and well log
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Figure 2: Missourian stratigraphy of southern Kansas, on the
lower part of Cherokee shelf showing position of the Ladore
Shale in the Coffeyville Formation. Southward towards the
Arkoma basin, the Mound Valley Limestone becomes thin or
absent, giving rise to upper and lower Coffeyville Formation
terminology for the Galesburg and Ladore Shale intervals.
Modified from Watney et al, 1989.



data.

2) To determine the exient to which the sandstones and siltstones of this
interval have been diagenetically altered, by microscopically examining
intergranular cements, and the mineralogy of principal cc;nstituents of the
sandstone and siltstone layers within the Ladore shale.

3) To interpret the provenance of the siliciclastic material in the Ladore interval.

Methods

Outcrop studies
Fieldwork was undertaken during May and June, 1990, in Kansas and
Oklahoma. Eight outcrops of Ladore shale were studied, seven in Kansas and 1
in northeastern Oklahoma (Figure 3). These sections were measured and
sketched, and descriptions were made of lithology, sedimentary structures and
contacts between lithologies. Sandstone and siltstone beds were sampled for
thin-section petrography and S.E.M. analysis. Photographs were taken of

characteristic features and structures.

Core data
During May, 1990, eight 2-inch (5 cm) diameter cores from the Kansas
Geologic Survey and one similar core from the Oklahoma Geologic Survey were
examined (Figure 3). Cores analysis included description of lithologies,
sedimentary structures, fossils, cements and types of contacts between units.
Representative samples of the sandstones, siltstones and shales were taken for
thin-section, S.E.M. and x-ray microanalyéis. Photographs were taken of each

core, including any diagnostic structures present.



Figure 3: Site location map for the outcrops and cores used in this
study.
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Well log data l

Subsurface well logs for Kansas were obtained from the Kansas Geologic
Survey, and were analyzed from December to May 1991. More than 100 gamma-
ray and neutron density well logs were examined and the thickness and lithologic
characteristics of the Ladore shale were noted. In addition, the top and thickness
of the Ladore were recorded from 246 previously described Kansas Geologic
Survey well logs. Tops and thicknesses were also recorded from 71 well logs from

northeastern Oklahoma, which were obtained from the Oklahoma Geologic

Survey. .

Microscopic analysis

A total of 54 thin sections were made from samples obtained from cores and -
outcrops. Before being thin-sectioned, each sample was impregnated with blue- l
dyed polyester resin to prevent plucking and to allow original porosity to be
determined more accurately. Selected samples were stained for iron carbonate
using potassium ferricyanide and alizarin red-S (Lindholm and Finkleman, 1971).
Thirty-two thin sections were examined and point counted. A petrographic
microscope was used to determine grain and cement mineralogy, texture, sorting,
and diagenesis. Two hundred fifty points were counted on each thin section.

Selected samples were also examined using Scanning Electron Microscopy in l
order to determine the three-dimensional morphoiogies of grains, pores,
overgrowths and crystal forms of particles below the resolution of the petrographic
microscope. S.E.M. samples were trimmed into 10 mm cubes, fractured and
mounted on aluminum stubs. A layer of gold-palladium was sputter-coated on the

samples to prevent charging. Specimens were examined using secondary .
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electron images at an acceleration voltage between 5 and 15 Kv. Energy
dispersive x-ray microanalysis was used in conjunction with the S.E.M for some

samples to facilitate minerai identification.
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STRATIGRAPHIC OVERVIEW AND
LITHOFACIES DESCRIPTIONS

Areal distribution
The Ladore Shale extends from south-central Kansas through southeastern

Kansas and into northeastern Oklahoma. It is exposed along the northeast-
trending Pennslyvanian outcrop belt of eastern Kansas and Oklahoma. In the
subsurface the Ladore varies greatly in thickness, ranging from less than 2 feet
(.6 m) in central Kansas and reaching a maximum of 110 feet (33.5 m) in

southeastern Kansas (Plate 1).

Stratigraphic overview of the study area

The alternating sequence of thin limestone and siliciclastic units in the
Pennsylvanian of the mid-continent region have been interpreted to have been
formed in response to eustatic transgressive/regressive sea-level fluctuations
(Heckel, 1980). The detrital sandstone and siltstone portions of these cyclothems
are thought to be the resuit of terrestrial material that prograded basinward during
regressive events (Heckel, 1977). The Ladore Shale overiies the Bethany Falls
Liméstone (a regressive limestone at the top of the Swope cycle in eastern
Kansas) and underlies the Mound Valley Limestone (a minor transgressive-
regressive cycle of marine inundation) in southeastern Kansas (Heckel,
manuscript in review). The Mound Valley has been traced through eastern

Kansas into northeastern Oklahoma where it lies near the middle of the
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Coffeyville Formation. The Ladore Shale has been interpreted to have been
deposited during a lowstand in the late regressive phase of the Swope sequence
(Boardman and Heckei, 1989).

The sediments within the Ladore Shale vary in thickness and composition
across the Cherokee shelf region. In the Bourbon County area of eastern
Kansas, the Ladore is a thin, calcareous shale abruptly overlying the Bethany
Falls Limestone. The Ladore thickens southward into southern Neosho County,
where, near its type area it is represented by a thick gray shale with thin
sandstone beds, including a coal and underclay. Southward in central Labette
County, the Ladore interval is about 60 feet (18.3 m) thick, and consists
predominantly of shale that contains zones of marine fossils and plant fragments.
in the Coffeyville area, the Ladore becomes increasingly sandy and contains
many thick sandstone beds, each of which coarsen upwards from a thick silty
shale to a fine-grained sandstone. On the lower part of the Cherokee shelf,
where the Mound Valley limestone pinches out, the Ladore is directly overlain by

the Galesburg Shale.

Lithofacies descriptions
The Ladore Shale can be subdivided into three major lithofacies based on

amount of shale present and dominant sedimentary structures. These lithofaces
are 1)silty-clay shale, 2) interbedded siltstone and shale, and 3) quartz

sandstone. The characteristics of these lithofacies are summarized in Table 1.



Table 1: Sedimentary structures present in the three
lithofacies of the Ladore shale. a = absent, r =rare, 0o =
occasional, ¢ = common.
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Sedimentary Structures

Lithotacles: lam.  siltstone  wavy/ent. small large plant burrows  siderite  fossils
shale interbeds Ilaminations x-lamellae x-beds fragments nodules  frags.
Silty-clay shale lithofacies c a-r a a a c c c a-o
micrite layers a a a a a a a a o
- skeletal grain layers a a a a a a a a C
quartz siltstone layers r-o c a-r a-r a a-r o a r-o

Siltstone-shale lithofacies

mixed siltstone-shale fabric

fine-grained sandstone fabric

Sandstone lithofacies

c c c o-¢C a c a-o a-o a-r
o c c a-o a o (o} a r-o
a c (o a-c a o 0 a r-o

14"
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Silty-clay shale lithofacies

Core observations

The clay shale lithofacies comprises a fissile silty clay shale, which varies in color
from black to gray (See appendix A for core descriptions). Fine siltstone
interlaminations are occasionally present as isolated layers and may be
calcareous. Small bivalves, crinoid fragments and other abraded ékeletal
fragments are common. Burrows are common and may be filled with carbonate-
cemented siltstone. Brown oxidization halos often surround burrows and other
organic material. Plant fragments are ubiquitous in this facies and range in size
from less than one inch (2.5 cm) up to the entire width of the core (2.5 inches,
0.06 m). Tan nodules, identified as siderite based on EDX analysis, are also
present in some cores, particularly in samples from the Hardin, Olson and Gaddy
cores (Figure 4).

The most common sedimentary structures are fine laminations or
homogeneous bedding but inciude some layers of starved ripples composed of
fine-grained siltstone. In some core samples, lameillae are brown-colored, in
contrast to the dominant gray-black color of most of the shale in this lithofacies.
These thin intervals of brown shale (<5 cm thick) are roughly parallel to the

lamellae of the shale, which are not disrupted by these color variations (Figure 4).

Outcrop observations

in outcrop, the thin shale laminations of this facies are especially apparent as
millimeter-scale partings. Thin, laterally persistent siltstones and carbonate beds
generally less than 2 inches (0.05 m) occur at the Dixon Mound, Parsons Lake,

Lower Coffeyville and Sapulpa Shale Pit localities (see appendix A for outcrop



Figure 4: Tan siderite nodules (N) and brown shale in the
silty-clay shale lithofacies. Note that bedding is disrupted by
siderite nodules, but not by brown shale lamellae (arrows).
Olson core, 330' 0".

16
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descriptions). These layers are carbonate cemented, quartz rich and many show
sharp upper and lower surfaces (Figure 5). Some of these iayers are burrowed
or contain shale laminations. Thin, fine-grained sandstone beds with similar
characteristics are also present in this lithofacies, but in lesser amounts.

Plant fragments were observed at most outcrops, with large fragments up to 8
inches (0.2 m) present in great abundance at the Big Hill section (Figure 6). A six
inch (0.15 m) thick coal with a poorly developed gray mudstone underclay were
observed at Parsons Lake. The presence of at least one additional coal bed at
this section has been reported.

The siity clay shale lithofacies of the Ladore Shale frequently shows a sudden
color change just below the contact with the overlying Mound Valley Limestone,
becoming mottled orange-yellow in color. Bedding surfaces and laminated black
shale decrease in abundance towards the top of the Ladore, where massive
bedding and black shale chips dominate. These variations were found at Big Hil
Ladore, Parsons Lake, Dixon Mound, and North Erie sections. This color and
texture change is assumed to be the resuit of modern soil formation processes.

Nodular concretions of siderite are common in most outcrops often in great
abundance along some horizons, notably Parsons Lake, Lower Cofteyville, North
and South Erie and Sapuipa Shale Pit outcrops. These oblate-disc shaped
features are frequently less than 6 inches (0.15 m) in diameter. The long axes of

concretions are generally parallel to bedding.

Microscopic analysis

The fissile nature of the shale in this lithofacies caused thin-section preparation to

be difficult, although thin-sections of the laterally persistent siltstone and



Figure 5: Carbonate-cemented quartz siltstone beds with
sharp upper and lower boundaries.10 cm divisions of Jacob
staff. Parsons Lake section. 2.0 feet above water level.

18
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Figure 6: Large plant fragment near top of Ladore Shale.

Pen is 17 cm long. Big Hill section.
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carbonate lenses were prepared and examined. These beds are rare and less
than 2 inches (5.0 cm) thick. These beds represent changes in the depositional
history of this lithofacies and will be further discussed in the depositional
environments chapter. Microfacies analysis reveal three distinct lithologies of
these well indurated layers: micrite (calcilutite), skeletal grains (skeletal
calcarenite), and fine-grained, calcite-cemented quartz sandstones and
siltstones.

Micrite layers are composed of micrite and microspar with scattered silt-sized
quartz grains, which often occur in lenses or layers (Figure 7). Within these thin
(< 1 mm) quartz-rich layers, grains range in size from fine-silt to very-fine sand
(0.016 mm to 0.07 mm). Silt-sized mica flakes are widely disseminated through
the micrite, and are commonly concentrated in layers. Brachiopods, ostracodes,
and foram fragments are sparse, and some are pyritized.

The skeletal grain (skeletal calcarenite) layers are composed of partially or
entirely recrystalized coarse sand-sized fossil fragments with varying amounts of
matrix material composed of micrite and clastic grains. Fossil groups present in
these layers include forams, brachiopods, productid spines, crinoids, gastropods,
and ostracodes. These fragments have been recrystallized into micrite,
neomorphic microspar or blocky spar (Figure 8). Poikilotopic intragranular caicite
cement is present between skeletal fragments and clastic grains.

The calcite-cemented fine-grained sandstone to coarse-grained siltstones
show quartz grains, muscovite, authigenic kaolinite and illite clays as the major
mineral constituents (Figure 9). Other components include micrite, pyrite,
organics (including wood fragments), feldspars and calcite as grains or

poikilotopic cements. Fossils are rare, although ostracodes may be present in



Figure 7: Siltstone lamellae (S) in a micrite layer of the silty-
clay shale lithofacies. Sapulpa Shale Pit 2.8 s, cross-
polarized light.
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1.7 mm

Figure 8: Photomicrograph of skeletal caicarenite layer in the
silty-shale lithofacies. Note the complete recrystillization of
the skeletal fragments. Gaddy 309' 11", plain light.
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Figure 9: Calcite-cemented fine-grained sandstone layers
from the silty-clay shaie lithofacies. Intergranular calcite
cement (C) is poikilotopic and exhibits unit extinction. Note
calcite replacement of quartz grain (arrow). Parsons Lake
5.2, cross-polarized light.
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mica-rich lamellae. Complete point-count data is given in Appendix B.

Siltstone-shale lithofacies

Core observations

The siltstone-shale lithofacies is composed of lenticular laminations of
siltstone and fine-grained sandstone interbedded with shale. Siltstone and
sandstone layers have a wide range of morphologies, exhibiting single or
connected lenticular and parallel laminations, wavy bedding, climbing ripples and
small scale flaser beds (Figure 10). Laminar, trough or festoon cross laminations
are often present within sandstone and siltstone layers greater than .25 inch (5
mm) thick. In many cases, bioturbation may have significantly reworked
laminations resulting in a mottled appearance. Siltstone beds are quartz rich and
are commonly carbonate cemented. Intervals of herringbone cross-bed sets
greater than 1.25 inches (3.0 cm) thick are present, as are layers of convoluted
and overturned bedding.

Plant fragments up to 2.5 inches (6.0 cm) are quite common in the siltstone-
shale lithofacies and are commonly surrounded by brown oxidization halos.
Fossil material is sparse although small bivalves and brachiopods can be found
concentrated in certain layers. Brown siderite nodules are present in some

samples. This lithofacies was observed in the Heilman, Kinne, Gaddy, Olson and

Hardin cores.

Qutcrop observations

The siltstone-shale lithofacies was observed in outcrop only at the Lower

Cofteyville Section where 1.5 feet (0.5 m) is present. Thin siltstone flaser beds



Figure 10: Common sedimentary structures of the siitstone-
shaie lithofacies. laminations of siltstone, wavy bedding anad
thin (<5 mm) flaser beds. Small-scale cross lameliae can be
present within the siitstone iayers (arrows) and may have
multidirectional cross-lamellae. Middle Ladore, Gaddy, 314

6".
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and climbing ripples are interbedded with shale and exhibit cross laminations

similar to those seen in core. In outcrop this lithofacies grades upwards into fine-

grained sandstone.

Microscopic analysis

Analysis of the thin-sections reveals the presence of two distinct fabrics within
this lithofacies. The dominant fabric shows Iémellae of shale mixed with thin beds
of coarse-grained siltstone or fine-grained sandstone, which are generally less
than .25 inch (1.0 cm) thick. Sand grains in the sandstone or siltstone layers are
rounded to sub-angular. They are either tightly packed or cemented with large
poikilotopic crystals of ferroan calcite which occlude porosity.

Muscovite grains are present in sandstone and siltstone layers and show
evidence of being crushed or altered to clays (Figure 11). Pore-filling clays make
up less than 10% of these siltstone and sandstones and have been identified as a
mixture of kaolinite and illite based on crystal morphology and EDX data.
Plagioclase is the dominant feldspar and composes less than 10% of the silt /
sand layers. Feldspars are aitered to kaolinite and occasionally illite (Figure 12).
Ostracodes, forams and crinoid fragments are rare, and when present, are
neomorphosed or micritized. Organic stringers and pyrite occur as thin
laminations.

Shale layers are intermixed with the fine-grained sandstones and siltstones
described above, and are dominantly composed of mica grains, clays, organic
material and pyrite. Muscovite and biotite present in thin laminae exhibit unit
extinction along the length of the shale layer (Figure 13). The aiternation of these

mica-rich shale layers with the coarser-grained layers resuit in cross-stratification
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0.4 mm

Figure 11: Muscovite grains in siitstone (of siltstone-shale
lithofacies) bent around quartz grains. Note the conversion
of micas (M) to illite (I). Lower Coffeyville 14.5. cross-
polarized light.



0.1 mm

~igure 12: Feldspar grain completely altered to kaolinite.
Clays maintain the original shape of the detrital grain. Hardin
171' 0"s, cross-polarized light.
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Figure 13: Shale lamellae composed predominantly of parallel
muscovite grains within siltstone-shale lithofacies . Note unit
extinction of shale lamellae (S), and poikilotopic calcite cement
(C) present in siltstone iayers. Hardin 171' Q"s, cross-polarized
light.
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visible at macroscopic scale. Shale mixed with coarse-grained siltstone and fine-
grained sandstones are present in the Gaddy, Hardin and Kinne cores and the
Lower Coffeyville outcrbp. The second fabric present in the siltstone-shale
lithofacies consists of fine-grained sandstone layers without shale laminations.
The most distinct difference in this fabric is the lack of intergranular poikilotopic
calcite cement in the sandstone layers. Grains are rounded to sub-angular, and
quartz grains often show quartz overgrowths (Figure 14). Orthoclase is the
dominant feldspar composing up to 10% of the rock volume, while total feldspar
content ranges up to 22 percent. All feldspars show some degree of pitting or

- partial dissolution and are commonly associated with illite or sericite. Patchy
ferroan caicite cement is present in some samples, and where absent, primary
and oversized secondary pores are found, generally making up less than S
percent of rock volume. Organic material including wood fragments, occur in

layers, causing a streaked look in thin-section (Figure 15).

Sandstone lithofacies

Core observations

This lithofacies is represented by beds less than 5 feet (1.5 m) thick of fine to
very fine-grained sandstone with massive, wavy or laminated beds or
herringbone cross-bedding (Figure 16). Thin, gray-shale drapes (<.5 inch, 1 cm
thick) within the sandstone are common. Black, carbonized plant fragments and
mica grains commonly occur on bedding surfaces. Bioturbation and some soft-
sediment deformation such as overturned or recumbent bedding is present in this
lithofacies. Rounded siderite pebbles and brown siderite nodules are rarely

present. These sandstones are often abruptly overlain and underiain by units of
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0.4 mm

Figure 14: Euhedral quartz overgrowth on detrital quartz
grain. Dust rim (arrow) delineates the boundary between
host grain and overgrowth (Q). Pore space is colored light
blue. Note pore filling calcite (C) in lower right hand corner.
Sandstone fabric of the siltstone-shale lithofacies. Hardin
155' 6"s, plain light.




Figure 15: Plant fragments and organics (O) present in the
siltstone-shale lithotacies. Note cellular structure of wooay
piant tragments (W). Sandstone fabric of the siltstone-shale
iithofacies. Hardin 155' 6"s, piane light.
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Figure 16: Thick sandstone bed of the sandstone lithofacies.
Note common flaser beds on left and the abrupt contact
(arrow) with the overlying siltstone-shale lithofacies. Large
brown object (S) is siderite nodule. Top of core is upper left,
bottom is lower right. Hardin core, 156' to 166".
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the siltstone-shale lithofacies. The O.G.S. Hardin core is the only subsurface

sample location where this iithofacies is present (Figure17).

Outcrop observations

The sandstone lithofacies crops out as a 4 foot (1.2 m) thick ripple-laminated
fine grained sandstone at the Lower Coffeyville section near Sapulpa, Okiahoma.
Cross bed sets have a height of approximately 2 inches (0.05 m) and a width of 3
to 4 inches (0.08 to 0.1 m). The sands are poorly cemented and are stained

reddish brown. Plant fossils and nodules were not observed.

Microscopic analysis

Units that compose the sandstone lithofacies are made up of weil-rounded to
angular, fine and medium-grained sandstones. Samples from outcrop show
mineralogical differences compared to core samples, notably the lack of
poikilotopic ferroan calcite cement in outcrop compared to common occurrence in
core samples. Ferroan calcite cement in outcrop samples is negligible, but can
form up 20 % of subsurface samples of this lithofacies. Another distinction.
between core and outcrop specimens is that outcrop samples contain ubiquitous
pore-filling iron oxide and iron-stained patches, which give them an overall
brownish-red color while core samples contain only trace amounts of iron oxide.

Authigenic clays such as kaolinite, illite and chlorite are common and can take
a variety of forms, such as: grains with discrete boundaries, crushed grains,
incompletely altered grains, grain coatings, or pore fillings that may contain
significant intragranular porosity (Figures 18, 19, 20). Taken together, clays

compose about 7% of outcrop samples and between 2 and 10 % of sandstones

from core.
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Lithotacies:

3 sandstone

Siltstone-shale

=] Clay-shale

Dotson  Hines Kinne Heilman Newland Loflin  Gaddy Olson  Hardin

North

Cores

Figure 17: Histogram showing relative percentages of lithofacies
in each core. Cores are arranged from north (left) to south
(right). Note general increase in siltstone-shale lithofacies in
three southern most cores,and that the sandstone lithofacies is
present only in the most southern Hardin core.



0.4 mm

Figure 18: Detrital grain, possibly orthoclase, converted to
kaolinite (K). Lower Coffeyville 16.0. plane light.
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0.4 mm

Figure 19: Same as figure 18 with crossed polarizers. Note
complete alteration to kaolinite. Lower Coffeyville 16.0,
cross-polarized light.
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0.4 mm

Figure 20: Several types of clay morphologies present in the
sandstone lithofacies. Clay coating of illite (arrow)
surrounding quartz grain (Q). Plagioclase feidspar grain (F)
showing partiai dissolution, and weathered orthociase grain
{O) partially converted to kaolinite. Patch of pore filling
calcite cement (C) is partially replacing quartz grain. Note.
fight blue color is pore space filled with polyester resin.
Hardin 165' 8", plane light.
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reldspars compose less than 6% of outcrop samples and average roughly 10 %
of cored sandstones. Orthoclase feldspar grains are the most common, and
almost always are pitted or partially dissolved, while plagioclase grains commonly
show evidence of dissolution (Figure 20). Organic matter is often associated with
pyrite, and both minerals are present in thin stringers, often in mica-rich layers.
Iron rich "box-work structures" have subparallel fibrous strands and can fill up to
7% of pore spaces and are present only in the Lower Coffeyville section (Figure
21).

Quartz overgrowths are present in outcrop, and can be quite large and well
developed in cores, notably in sandstones from the southern Hardin core and
Lower Coffeyville section in Oklahoma. Primary porosity in these sandstones can
range from less than 1% up to 15%, while secondary porosity varies widely
among samples (from 1% to 9%) and may have been effected by leaching of
calcite cement and formation of quartz overgrowths as discussed in the
diagenesis chapter.

Unaltered metamorphic rock fragments, chert and sedimentary pebbles are
found in low abundance in these sandstones, except for one sample , where

shale chips compose 22 % of the thin-section.



0.4 mm

Figure 21: 'Box-work' iron oxide structures found in outcrop
samoies of the sandstone lithofacies. Fibers of hematite
span the width of this pore and intersect at roughly 60° and
1200. Lower Coffeyviile 16.0, piane iight.
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DEPOSITIONAL ENVIRONMENTS

The depositional environments of the Ladore Shale were interpreted by
considering three diagnostic characteristics of these rocks: 1) the regional
thickness variations of the Ladore, as seen in an isopach-thickness map, 2)
distribution of Iithologies in cross-section; and 3) sedimentary structures and

dominant grain size of the units within each lithofaces.

Diagnostic characteristics

Thickness variations
An isopach map (Plate 1) was constructed for the Ladore Shale based on

thicknesses obtained from well-logs and cores. This map encompasses the
northern most extent of the Ladore, to the southern most limit where the Ladore
Shale can be distinguished as a discrete unit within the Coffeyville Formation.
Southward of this line, the Galesburg Shale and the Ladore Shale are not
separated by the Mound Valley Limestone, but the thickness of both these units
together increase southward.

This map provides: 1) a framework for interpreting lithologic changes and
distribution of depositional lithofacies in the Ladore Shale, 2) the overall
configuration of the depositional site for the Ladore Shale, and 3) potential
paleosource for these sediments.

The Ladore Shale is interpreted to have been deposited within a deltaic
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system that prograded across the margin of a shallow inland sea. The overall
geometry of this unit shows thickening towards the east-southeast, which is
interpreted to be the siliciclastic source direction. The thickening of a unit towards
the depositional source is the dominant characteristic of a deltaic deposit in an
interior basin, and all sedimentary facies present in deltaic deposits are
characterized by this geometry (Visher et. al., 1980).

The boundary marking the northern edge of the Ladore may represent the
farthest extent of the transportation and deposition of fine-grained material in this
inland sea. The isopach map shows a number of lobe-shaped areas where the
Ladore thickens in a few miles (<5 km) from less than 20 feet (6.1 m) to greater
than 80 feet (24.4 m) in thickness. These features probably represent deltaic
lobes that prograded across the shelf during low stands of sea level. The thickest
deposits are in the east-southeast portion of the study area and appear to
represent distributary channel or lower fluvial-valley deposits, and most likely
represents the source of sediments that make up the Ladore Shale. This thick
portion of the Ladore is exposed at the surface along the outcrop belt in
southeast Kansas and northeast Oklahoma.

The sediments that compose the Ladore Shale can be characterized as
having a lobate geometry, which indicates a deltaic system that may have been
highly constructive (Fisher et. al., 1969). This system was dominated by fluvial
input of sediments, while wave and longshore drift processes were probably not
reworking the majority of the sediments being deposited. The isopach map of the
Ladore Shale shows a lack of coastal barriers which are generally found in high-

destructive deltaic environments.
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Distribution of lithotacies

Each of the three lithofacies has a unique distribution and subsurface extent,
which appears to be a function of the distance from the paleo-source for these
sediments. Based on sedimentary structures and grain-size, the finer-grained
lithologies seem to represent sediments deposited in the distal portion of the
deltaic system, while coarser-grained lithologies represent deposition in the
proximal part of the system. |

Figure 22 illustrates a cross-section of the Coffeyville Formation across
southeastern Kansas, which was constructed based on cores and well log data.
The three Ladore lithofacies exhibit a general increase in grain-size towards the
south, but are not found in a discrete order and often exhibit alternation between
the fine silty-clay shale lithofacies and coarser grained silty-shale lithofacies over
short distances within core and outcrop samples. This alternation of lithofacies
may represent the fluctuating dominance between fluvial processes, which may
have deposited the siltstone and sandstone-rich lithofacies, and marine process
such as sedimentation from suspension, which probably deposited the shale-rich
portions of these lithofacies. In addition, sediments may have been substantially
reworked as deltaic lobes prograded over the previously deposited prodeltaic or
distributary-mouth bar sediments. This reworking of sediments after initial
deposition may have removed some or all of a particular lithofacies and may help
to explain the sudden lateral changes in lithofacies present in the Ladore Shale
when seen in cross-section.

The silty-clay shale lithofacies is the most abundant lithology, making up the
largest percent of most cores sampled for this study (Figure 17). In addition, this

lithofacies has the widest distribution in outcrop and in the subsurface, being
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Figure 22: Cross-section A - A' across southeast Kansas and
northern Oklahoma (northeast to southwest). Note increase
in silt and sand-dominated facies towards the south and
lateral variations in lithology, most likely due to fluctuating
dominance between fluviai and more open marine
processes.
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present from the northern to southernmost cores and outcrops. Along the
northernmost edge of the Ladore these shaley units are thin and caicareous,
while to the south-southeast the siltstone and sandstone content increases.

The siltstone-shale lithofacies shows a general increase in frequency and
thickness towards the south (see Figure 17), while the sandstone lithofacies is
present in only limited areas in two southern locations, and is absent north of the
Kansas-Oklahoma boarder. In cross-section, these lithofacies are seen as lens-

shaped silt and sand-rich units with limited lateral extent.

Sedimentary processes

Silty-clay shale lithofacies

The dominant sedimentary structure of this lithofacies are fine laminations (<1
mm) of the silty-clay shale, and the almost complete lack of siliciclastic material
coarser than fine-grained silt. In these shales, plant fragments, bioturbation,
color-banding and siderite nodules are common. Thin layers of micrite, skeletal
debris and calcite-cemented siltstone are rare but where present, are in iaterally
continuous thin beds. Occasional beds of starved ripples of fine-grained siltstone
are present in this lithofacies as well.

The thin laminations of silty-clay shale represents slow deposition from fine-
grained suspended material in an environment not greatly effected by wave or
current energy, most likely a prodeltaic environment grading upwards into a delta-
front environment (Figure 23). The limited presence of burrows indicates a rapid
accumulation rate of sediments that allowed allow sediment feeders to live in the
substrate, but deposited enough sediment to prevent thorough feworking by

organisms and homogenization of shale lamellae. The abundance of small plant
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Figure 23: Dominant depositional environments of the delta
which deposited the Ladore Shale. Facies moved north
during increased fluvial discharge and receded south when
fluvial discharge decreased, accounting for wide-spread
distribution of Ladore lithofacies. Silty-clay shale lithofacies
deposited in prodeltaic facies and delta front facies, siltstone-
shale lithofacies deposited within distributary mouth bar and
distal bar facies, sandstone lithotacies deposited in
distributary channel facies.
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fragments implies a distal relationship to the depositional source as only fine
suspended organic material would be transported large distances away from the
river mouth. The great abundance of plant fragments in this lithofacies of the
Ladore Shale implies rapid accumulation rate and low oxygen content of water in
the basin. The partial decay of organics may have decreased the oxygen in
these waters, which prevented the complete oxidization and breakdown of plant
remains. Color variations present in this lithofacies between brown shale and
gray-black shale as seen in figure 4, may indicate changes in water chemistry in
the outer transitional-marine environment (Coleman and Gagliano, 1965).

Rare but continuous layers of micrite or skeletal debris represent changes in
the depositional environment beyond the delta-front. A major lithologic change is
represented in the sudden transition from detrital sedimentation to carbonate
deposition, as indicated by the abrupt boundaries between carbonate beds and
the units surrounding them. These carbonate layers were deposited when clastic
influx was temporarily cut off, possibly due to delta-lobe switching or due to a
decrease in river discharge, which lowered sedimentation rate at the distal and
medial portions of the delta front. This decrease in clastic sedimentation rate
allowed carbonate precipitation and accumulation as laterally continuous beds
that may have covered a large portion of the delta area.

Lithologic changes may have been accompanied by salinity changes. The
fauna present in these carbonate beds is composed of both potentially euryhaline
organisms, such as ostracodes, gastropods as well organisms less tolerant of
salinity fluctuations, such as brachiopods and crinoids (Heckel, 1972). This
suggests that salinity may have decreased as fresh water dominated due to influx

from nearby lobes, then changed back towards normal marine from the diversion

I
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of fluvial waters and sediments which allowed the substrate to be recolonized by
fauna that could not survive on an detlaic lobe dominated by fresh waters.

Fine-grained siltstones or very fine-grained sandstone with climbing ripples
are rarely present in this lithofacies, and most likely represent increases in
sedimentation rate and current velocity. Cross-stratified structures present in
these siltstone and fine-grained sandstone beds may have been formed in
response to increased sedimentary influx. This clastic influx of relatively coarse-
grained material represents the penetration of the deita-front environment and
may have resulted from increased river discharge or temporary lowering of wave-
base, thereby allowing wave energy to rework the substrate, winnowing out fine-
grained sediment. Ostracodes are the only shell fragments.present in these silty
lamellae, and the lack of other organisms may indicate deposition of sediment
derived from an environment dominated by freshwater, and fluvially derived
clastic material. |

At the Parsons Lake section, at least one thin coal (6 inch, 15 cm thick) and
underclay was observed, while within the Olson core a thin coal (1.5 foot, 0.46 m)
is present which is underlain by an interval of brown-mottled mudstone. Both of
these coal units are overlain by laminated beds of the silty-clay shale lithofacies.
These sub-coal horizons and the associated mottled mudstone units most likely
represent a marshy bay-fill or crevasse-splay deposit, which aggraded above
sea-level allowing the formation of these thin coal beds. After detrital material
was cutoff, possibly due to the abandonment of this crevasse-splay, plant debris
accumulated to form the coal, then the area subsided and marine sedimentation
processes resulted in the deposition of the overlying delta front and prodeltaic

units.
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Siderite nodules are common throughout the silty-clay shale lithofacies, are
less abundant in the siltstone-shale lithofacies, and are rarely found in the
sandstone lithofacies. These carbonate concretions probably formed in a number
of different depositional environments soon after deposition of these units, as
indicated by their distribution in all three lithofacies. Formation was most likely
due to the presence of organic matter, and is discussed in the diagenesis
chapter.

At several outcrops orange-gray mottling was observed at the top of the
Ladore Shale, near the contact with the Mound Valley limestone. These color
and texture variations are observed only in outcrop, but not in core, hence do not
represent a change in the depositional history of the Ladore. They are the result
of recent weathering of the shale caused by groundwater movement along the

Mound Valley-Ladore Shale interface.

Siltstone-shale lithofacies

The sedimentary structures of the siltstone-shale lithofacies can be
characterized as containing wavy and lenticular-laminated siltstones and fine-
grained sandstone intercalated with silty shale. Bioturbation of sediment layers is
common, and can be intense enough to disrupt bedding and homogenize
sediments. Plant fragments are ubiquitous, and can be greater than 2.5 inches
(0.06 m) in size, while calcareous fossil remains, except for bivalves, are rare.

The interbeds and interlamination of siltstone and sandstone with shale
reflects the changing wave and current energy conditions present during
deposition, which most likely took place along a seaward-sloping delta front,

within a distal bar and distributary mouth bar facies. This facies is associated

-
\



-l wl oy W Gy W G

52

with shoaling conditions just seaward of the river discharge, where decreasing
river velocity reduced river competence, resulting in rapid deposition. These
cross-bedded sediments deposited near the seaward edge of the distributary
channel would most likely be subject to periods or reworking by stream currents
during periods of high river discharge, and by waves generated in the more open-
marine setting seaward of the delta front. The rapid sediment influx may have
overloaded water-laden sediment, causing slope failures as sediments moved
seaward, which produced the overturned, recumbent bedding, which is present in
some places in this lithofacies, similar to the features described by Coleman and
Prior (1982) in modern deltas. The multidirectional stratification within siltstone
and sandstone lamellae, herringbone cross strata, and the prevalence of flaser
beds might be do to reworking of these deltaic sediments during a period of tidal
flat deposition. Shoaling conditions seaward of the river discharge allowed these
fluvially deposited sediments to be reworked and redeposited by tidal activity.

The laminated silts of this lithofacies probably reflect an increase in river-
current discharge, possibly due to periodic floods, while shales were deposited
during lower discharge periods.

Coleman and Gagliano (1965) note that in the modern Mississippi river delta
bars, the dilution of salinities by nutrient-rich river water creates favorable
conditions for burrowing organisms tolerant of salinity fluctuations, particularly
bivalve mollusks. This may explain the intense burrowing and presence of
bivalve fragments as the most common type of fossil. Also, in these units plant
fragments can be quite large, indicating a more proximal ocation to the source of

sediments, compared to the silty-clay shale lithotacies.
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Sandstone lithofacies

The sandstone lithofacies is composed of fine-grained sandstone beds which
exhibit a variety of sedimentary structures, such as wavy laminations,
herringbone cross-bedding and homogeneous beds. Flaser beds (<5 mm thick)
and beds of siltstone (<10 cm thick) can be intermixed with sandstone layers.
Plant fragments are common on bedding planes. Some layers of sandstone and
shale show recumbent lamellae and other evidence of disturbed stratification.

This lithofacies is interpreted to have been deposited as a distributary channel
sand, in the lower delta plain landward of the distributary mouth. The relatively
coarse-grained lithology of this sandstone and massive beds indicates bed-load
transport of sediment by flowing water in the distributary channel.

Siderite pebbles in at least one instance, are concentrated in layers near the
base of a sandstone bed. These rounded pebbles are mixed with abundant large
plant debris, and the bed is bounded by an erosional base. This sandstone bed
most likely represents a channel lag deposit, which remained after currents
scoured out the underlying silts and shales below during channel emplacement,
similar to channel lags observed by Swanson (1979) in other Pennsylvanian
sandstones. The siderite pebbles are most likely recycled siderite nodules that
were previously deposited in shales, and which were eroded out and rounded
during transport in the distributary channel. Large pieces of plant material were

also deposited in this channel lag and may represent water-logged plant debris
that was concentrated in this channel-lag deposit.

The disturbed strata present may have been the result of gravity induced
slumps that formed along channel walls or from silt-laden currents that flowed

along the channel bottom, possibly during low water periods similar to those

an el S ek = e

-



54

described in the modern by Coleman and Gagiliano, 1965. The thin clay-shale
partings that commonly separate sandstone beds may also have been deposited
by sluggish currents during low river stages as fine material dropped out of

suspended ioad and was deposited over sandy channel deposits.
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DIAGENESIS

Diagenetic effects
The sandstones and siitstones of the Ladore shale have undergone

diagenetic modifications that include: the formation of authigenic cements,
aiteration of feldspars, partial dissoiution of grains and cements, and replacement

of detrital grains.

Calcite cement

Calcite cement is the most common intergranular cement in the siltstones and
sandstones of the Ladore shale. Two fabrics are present: 1) poikilotopic cement,
in the form of large crystals of cement in optical continuity that enclose several
grains (Figure 9); and 2) isolated euhedral to subhedral pore-fillings (Figure 14).
In the Ladore shale, calcite cement ranges in composition from iron-free calcite to
ferroan calcite, which generally contains 2.5 to 3.5 % iron oxide . Ferroan calcite
is the most abundant phase of cement, and dolomite was not detected in samples
that were studied. Table 2 summarizes the petrographic characteristics of each
lithofacies.

The siltstones and fine-grained sandstones commonly contain continuous
poikilotopic ferroan calcite cement, which contain 'floating' quartz grains, while
coarser-grained sandstones show isolated pore-filling cements or patches of
poikilotopic surrounded by secondary pore space.

Within the siltstones and sandstones of the Ladore Shale, replacement of
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Table 2: Petrographic characteristics present in the three
lithotacies of the Ladore shale. a =absent, r=rare, o=
occasional, c = common.
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Dlagenetic features

Cements:

Grain alteration:

Lithofacles:

poikilotopic pore filling quartz hematite

feldspar calcite rep. pyrite authigenic

dissolved

Siity-clay shale lithofacies
micirite layers

skeletal grain layers

quartz siltsone layers

Siltstone-shale lithofacies
mixed siltstone-shale fabric

fi fabri

calcite calcite overgth. cement [FGA/FGD quartz clays calcite cement
a a a a a a 0 c a
a c a a a a c a a
c a a a a a 0 a a
c a a a a a 0 C a
c 0 0 a 0 o 0 o] o]
C a a a 0 [¢) 0 [ a

Sandstone lithofacies (core) 0 0 c a c c 0o c c
Sandstone lithofacies (outcrop) c a c [ c c a c c
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quaftz grains by calcite is suggested by the embayed nature of the edges of
some quariz grains. Calcite cement is commonly found as partial replacement of
quartz grains. as evidenced by small-scale dissolution features along grain edges
(Figure 24) and large scale embayments that truncate fabric in the quartz grain
(Figure 25). Petrographic and S.E.M. analysis show dissolution of quartz to be on
a small scale, much like the notches described by Burley and Kantorowicz (1986)
and the irregular boundaries of Dapples (1971) (Figure 26). Extensive quartz-
grain dissolution or ghost-grain boundaries within the calcite cement indicating
large-scale removal of quartz were occasionally observed.

Calcite replacement of quartz occurred after deposition of quartz overgrowths
as shown by cement stratigraphy The calcite crystals truncate syntaxial quartz
overgrowths and the original detrital grain, which also show signs of replacement.
This grain-replacement by caicite may have taken place according to the thin-film
process outlined by Pettijohn et al. (1987). This process involves the dissolution
of quartz by a thin film of water (< 5 microns thick) which is und'ersaturated with
respect to silica (Figure 27). The concentration of hydrated silica is greater within
the thin film than outside the film and so a diffusion gradient is formed where
hydrous silica is diffused into the pore-waters. At the same time, calcite is
oversaturated in pore waters and diffuses into the thin film between the calcite
and quartz grains. Calcite is then deposited on the edge of the calcite crystal,
thereby replacing the quartz grain. This process could be responsible for the
pitting and embayments present on detrital quartz grains and syntaxial
overgrowths.

These calcite cements formed as caicium cations and carbonate anions become

overstaturated in pore fluids, precipitating caicite in voids. Potential sources for



0.1 mm

Figure 24: Quartz grain being replaced by caicite along grain
poundary. Note that euhedral syntaxial quartz overgrowth
covers detrital quartz grain (Q) indicating that quartz
cementation occurred before poikilotopic carbonate cement
formed. Hardin 169" 8", crossed-potarized light.



0.4 mm

Figure 25: Calcite replacement of quartz. Significant portion
of quartz grain (Q) and syntaxial overgrowth (arrow)
truncated by calcite cement (C). Hardin 163' 0". crossed-

polarized light.
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Figure 26: Scanning eiectron micrograph showing evidence
of replacement of quartz by caicite. Quartz overgrowths (O)
on detrital quartz grain have been etched by calcite causing
large areas of dissolution (D). Calcite has subsequently been
dissolved. Ha 159' 6", 5 kv.
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Figure 27: Model for calcite replacement of quartz by
chemical transport along a thin film at the replacement front.
See text for discussion. From Pettijohn et al., 1987.
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these ions include: oversaturated seawater, dissolution of soluble carbonate
rocks and clay-minerai reactions (Hutcheon, 1983). The abundance of caicium
carbonate in these rocks, as fossils, shell layers and cements and the general
lack of carbonate grain dissolution implies supersaturation with respect to
carbonate in sea water for some time after deposition. Most likely, these units
were initially effected by fresh, potentially acidic waters during deposition, and
then after a transgressive event (concurrent with the deposition of the Mound
Valley Limestone) these units were bathed in seawa}er, which was oversaturated
with respect to calcite. Poikilotopic cements may have formed by siow
precipitation around limited nucleation sites (such as scattered fossil fragments)
within the sands, thereby producing the patchy, interlocking framework of calcite
crystals. This cementation episode occurred before substantial compaction
occurred as evidenced by the illustration of quartz-grains 'floating' in calcite
cement due to the low degree of grain-to-grain contacts. In addition, these pore
fluids were depleted in oxygen, possibly due to the partial oxidization of the
abundant organic material, which allowed dissolved Fe*2 to be incorporated into
the calcite cements. In medium-grained sandstones, poikilotopic calcite is
present only as scattered patches that maintain similar petrographic
characteristics to those of the cements in the finer-grained sandstones and
siltstones. Secondary porosity is higher in coarser units. In general, the calcite
cement of the finer-grained layers is more abundant and is composed of larger
crystals, hence fine-grained units show reduced porosity compared to the
coarser-grained layer because of the prevalence of cement. This implies that
both the finer-grained siltstones and the coarser-grained sandstones were

cemented in similar fashions at the same time, but the larger grain size of the
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sandstones may have facilitated migration of later fiuids through these units,
dissoliving the bulk of the calcite cement and increasing secondary porosity. Fluid
flow was restricted in the finer-grained units, thereby decreasing the amount of
caicite dissolution and the formation of secondary porosity.

The less common cement fabric, that of pore-filling calcite, is seen in
conjunction with sandstones and siltstones that have large numbers of grain-to-
grain contacts, and which show other evidence of early compaction such as bent
mica grains. Pore-filling calcite cement is the result of a later stage of diagenesis
and may be related to the conversion of smectite clays to illite, which releases

carbonate into the pore-fiuids (Boles and Franks, 1979).

Quartz cement

Authigenic quartz overgrowths are an important cementing agent, particularly
in the coarser-grained units of the sandstone lithofacies, although they compose
less than 5% of rock volume. These overgrowths are euhedral to subhedral and
commonly intergrow to produce a interlocking mosaic of quartz grains (Figure
28). Overgrowths are readily distinguished by their pyramidal terminations and
may exhibit a clay dust rim that delineates the border between the detrital grain
and the overgrowth (Figure 29). Syntaxial overgrowths can be effected by calcite
replacement of quartz as illustrated in Figures 24, 25 and 26.

Potential sources of authigenic quartz include: 1) dissolved silica produced by
pressure solution of grains, 2) dissolved silica derived from movement of high pH
fluids over quartz-rich sandstones, 3) silica released during the compaction of
shales, including the dissolution of clay and silt-sized quartz particles, 4)

dissolution of biogenic silica 5) silica released during mineral reactions, such as



Figure 28: Quartz overgrowth on detrital grain (Q) with
pronounced dust rim. Note interlocking nature of this
overgrowth (O) with surrounding grains (arrows). Lower
Cofteyville 16.0, plane light.
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_0.37mm_

Figure 29: Scanning electron micrograph of dipyrimidial euhedrai
quartz overgrowths. Note clays (C) forming ‘dust rim' under
overgrowth (O). Hardin 159' 6", 5 kv.
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the conversion of feldspars to kaolinite, or clay mineral diagenesis (Leder and

Park, 1986, Bjgriykke, 1988, Brenner et al., 1991).

Of these possible sources of silica, most can be discounted in these rocks.
For example: large scale pressure solution at grain boundaries was not observed
in sands from the Ladore Shale. Also, Blatt (1979) showed that precipitation of
quartz due to movement of silica-rich water requires unacceptably large volume
of pore fluid to pass through rock units, and sources of biogenic silica such as
sponge spicules or radiolaria would be uniikely in these non-marine to transitional
sediments. |

On the other hand, silica released during feldspar diagenesis early in the
diagenetic history of these units may have played a major role in authigenic silica
formation. The following reaction for the conversion of potassium feldspar to

kaolinite illustrates how mobile silica is formed:
2KAISi;O,4 (potassium feldspar) + 2H* + H,O -->
AlL,Si,O-(OH), (kaolinite) + 4SiO, (aq) + 2K+

In this reaction Na-rich feldspars are altered by H+, which is present in
groundwaters due to vegetative processes (Bjgrlykke, 1984). During this
conversion, 1 cm3 of K-feldspar yields 0.46 cm? of kaolinite and 0.43 cm? of
quartz (Leder and Park, 1986). Potassium feldspars such as orthoclase are
common in these rocks, whereas microcline is rarely found. Where present,
potassium feldspar (microcline) shows significant pitting and dissolution.

Kaolinite is commonly found in the sandstones of the Ladore, composing from 1%
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to 10% of point-counted samples; this is equal to or greater than authigenic
quartz, which makes up a maximum of 2% of these units. Therefore, assuming
kaolinite formed according to the above reaction, sufficient dissolved Si+* would
be supplied to account for the silica overgrowths of these sandstones . Clay
mineral diagenesis is also a possible silica source, as noted by Boles and Franks

(1979), and can supply Si+ during the alteration of smectite to illite.

lron oxide cement

Iron oxide is the least abundant cement in the units of the Ladore shale, and
was observed only in outcrop samples. The brownish-red color of hand
specimens and thin-sections from the Lower Coffeyville section is caused by iron-
oxide cement, which was identified as hematite by crystal morphology and by
EDX data. These cements compose 6% on average of the rock specimens from
outcrop locations. Samples with abundant hematite cement generally lack
poikilotopic cailcite cement and have elevated secondary porosity of rbughly 6%.
Several thin sections have "box-work" pore fillings, fibrous bands of hematite that
can span the width of pores. Hematite cements terminate against syntaxial
quartz overgrowths indicating that they formed during a later phase of diagenesis.

Core samples show a markedly different distribution of iron oxide compared to
outcrop samples. In core samples hematite is present in small amounts,
commonly less than 2% of the rock, and does not form cement but rather take the
form of grain coatings or pore fillings.

The fact that these rocks do not contain iron-rich minerals in the form of
detrital grains, such as pyroxene or amphiboles, suggests another source of iron

for cements in these rocks. Also, the common occurrence of hematite in outcrop
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samples as compared to the uncommon occurrence of iron oxide cements in
subsurface rocks suggests these cements are a product of near-surface
weathering. Dissolution of ferroan calcite cement , which is common in core
samples, in the near-surface environment might have released Fe*2 from the
calcite, which then oxidized in oxygen-rich meteoric waters forming insoluble
Fe+3, which combined with oxygen to produce hematite (Blatt, 1979). The "box-
work" nature of hematite cement noted in some samples may represent the
concentration of hydrated iron along calcite cleavage planes during dissolution.
This could account for the fibrous nature of these pore fillings and the angular
nature of some fibers, that intersect at angles of roughly 60 and 120 degrees
which corresponds to the cleavage planes of the original calcite cement (Figure
21).

Feldspar alteration

The degradation of feldspars is the most common type of mineral alteration
present in the sandstones and siltstones of the Ladore Shale. Feldspars in these
units have undergone framework‘grain alteration (FGA), where the grain is wholly
or partially dissolved and the dissolved material is reprecipitated in the
surrounding pores as authigenic clays. Feldspars also show evidence of
framework grain dissolution (FGD), where the grain is leached and the dissolved
components are completely removed from the immediate pore space (after
Siebert et al, 1984; Moncure et al, 1984).

Plagioclase grains show the most FGA and frequently show preferential
leaching along cleavage planes (Figures 30 and 31). Orthoclase feldspar grains

are rarely dissolved but show signs of FGA, notably conversion to sericite or illite.
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leaching along cleavage planes. The areas being replaced

Figure 30: Plagioclase grain (P) showing preferential
may be less stable due to hi



1.2 mm

Figure 31: Scanning electron micrograph showing evidence of
preferential dissolution of feldspar along cleavage planes of
plagioclase grain. Note formation of more resistant 'shelves'
most likely caused by compositional differences within the grain.
Hardin 159' 6", 4.0 Kv.
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Frequently, orthoclase grains are not entirely altered, and it is apparent that
clay crystals or sericite are aligned preferentially along cleavage pianes.
Wholesale FGA can be ubiquitous, most commonly seen as replacement of the
feldspar grain by kaolinite. These altered grains often retain the original grain
shape (Figures 12 and 18) and some of the authigenic clay replacements show
evidence of compaction. Kaolinite is also frequently present as a pore filling in
association with feldspar grains, and kaolinite always shows delicate crystalline
morphologies, indicating an authigenic source (Figure 32). While complete
feldspar grain aiteration to sericite or illite is commonly observed in sandstone
units, these clays are less abundant than kaolinite. However, the shales of the
Ladore contain abundant illite, kaolinite and chlorite based on EDX data obtained
from core samples.

Complete framework grain dissolution is not as common as framework grain
alteration to clays in these sandstones, but when present can be easily
recognized by large, over-sized pores which compose up to 14% of these
sandstones. These oversized pores are often the same size and shape of
adjacent sand-grains, and although no remnant of the original grain exists in most
cases, they are assumed to be leached feldspar grains due to the extent of
observable feldspar dissolution in these units (Figure 33).

Calcite cement is present as isolated patches in the coarser-grained
sandstones, which show evidence of feldspar alteration. These patches of calcite
cement are commonly adjacent to feldspars that have undergone partial
dissolution, or are adjacent to feldspars that have been completely dissolved.
Mechanisms for feldspar alteration have been proposed by Siebert et al. (1984)

and Moncure et al. (1984) which attempt to explain how the dissolution of
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1.0mm

Figure 32: Scanning electron micrograph of kaolinite books.
The delicate morphology of these clay crystals indicates
authigenic origin. Hardin 159' 6", 5 Kv.



0.1 mm

Figure 33: Feldspar grain, most likely plagioclase, showing
extreme dissolution and generation of secondary porosity.
The more stable cleavage planes (P) and outline of the grain
can still be seen (arrows). Note kaolinite crystals (K) present
in pore space. Hardin 159' 6", plane light.

74



75

feldspar takes place while calcite cement in the sandstone is preserved. This
mechanism involves the conversion of smectite to illite in the shales surrounding
these sandstones, which causes the removal of Al*3 from the shale water during
clay diagenesis. As diagenesis proceeds, waters in the shale become
increasingly acidic due to the addition of CO, released by maturation of organic
matter present in the shale. These shale-waters are then expelled into the
surrounding sandstone during compaction, where they act as solvents.

The disequilibrium with respect to aluminum of these solvents allow feldspars
to be dissolved by interstitial fluids, according to the following reaction (from

Siebert et al., 1984):
NaAlSi,O, (albite) + 2Ca*3(aq) + 4HCO,(aq) --> Nat*(aq) + Al(OH),*
2HCO, + 3Si0O,(s) (quartz) + 2CaCO4(s) (calcite)

During this reaction calcite is precipitated as a cement, while feldspars are
dissolved. This is consistent with the patchy occurrence of calcite observed in the
sandstones of the Ladore Shale, in that they are in close proximity to feldspar-
shaped secondary pores and partially dissolved feldspar grains.

In addition, the above reaction can explain the formation of over-sized pores
and the partial dissolution of grains in the sandstones of the Ladore Shale.

These secondary pores may be the voids remaining after Na-rich feldspars or
albitized areas within feldspars adjacent to cleavage planes were dissolved by
shale-water solvent. More stable feldspars such as potassium-rich orthoclase

were not completely dissolved but instead appear to have been altered to clays
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such as kaolinite or illite, as described in the quartz cement section above.

The extent of FGA and FGD by shale-water solvents depends on three
factors: 1) the amount of and type of organic material present in the shale, 2) the
sand-to-shale ratio, and 3) the porosity of the sandstones that are being effected
(Siebert et al., 1984). In general the shales of the Ladore are organic rich, mostly
in the form of abundant plant material. The CO, produced during the oxidation of
this plant material is the the most likely source of acid for in this reaction (Potter et
al., 1980). Sand-to-shale ratios vary for each site, but the volume of shale is
consistently large enough (greater than 1:10 sand to shale ratio) to supply the
necessary CO, to drive this reaction (Siebert et al., 1984). As for porosity,
feldspars in the coarse-grained sandstone lithofaces show more FGA and FGD
compared to siltstones in the finer-grained lithofacies, which have fresh, unaltered
feldspars. Finer-grained siltstone and sandstone lithologies are most commonly

surrounded by low-permeability shale, which can be several feet (<2 m) thick. In
‘ addition, siltstone beds are often completely cemented with calcite cements that
fill all available pore space. These two factors may have prevented chemically-

active fluids from altering feldspars (and other grains) of the clay-shale and

siltstone-shale lithofacies.

Pyrite
In the sandstones and siltstones of the Ladore Shale authigenic pyrite is seen
as a replacement of organic material or calcite in shell fragments (Figure 34).
Pyrite is present in the clay-shale lithofacies from core samples, occurring as
isolated crystals, but was observed only in trace amounts in outcrop samples.

Pyrite often forms in association with decaying organic material, where bacterial
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Figure 34: Pyrite in micrite layer. Pyrite (P) replacing pink
stained calcite (C) formed due to presence of organics in
skeletal debris. Gaddy 307' 3", plane light.
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reduction of organic sulfur is converted to FeS (know as hydrotroilite or
mackinawite) (Pettijohn et al., 1987). During early diagenesis under locally
reducing conditions caused by an abundance of detrital organic material, FeS can
be converted to pyrite (Berner, 1980). The sulfur required for pyrite formation
may have been released during the fixation as SO present in formation water
was reduced to S- by bacteria during the oxidization of organic material. Iron may
have entered the system from the leaching of iron rich minerals, such as ferroan
carbonates or clays, or may have been present as Fe+2 ions dissolved in low-

oxygen waters.

Paragenesis

Examination of grain and cement relationships in the sandstones, siltstones
and shales of the Ladore suggest the following interpretation of the diagenetic

sequence for these units:

Diagenetic sequence

The rock units of the Ladore shale have passed through several diagenetic
regimes, each with particular cond_itions of pore-water chemistry, compaction,
temperatures and mineral alteration. The transitions between regimes are not
sudden, and represent the gradual changin‘g subsurface conditions. The
proposed paragenetic sequence is illustrated in figure 35.

Fresh water meteoric regime: The first stage of diagenesis most likely
occurred in the meteoric phreatic regime, after minor compaction when these
units were affected by fresh waters of the fluvial groundwater system. Soon after
sediment transport and subsequent deposition, unstable mineral components

such as feldspars were altered by the acidic nature of the meteoric waters.



Figure 35: Proposed paragenetic sequence for the Ladore
Shale. Solid lines represent timing of diagenetic events,
dashed lines represent time when diagenetic effects may not
have been active. Stippled pattern represents gradational
transition between diagenetic regimes.
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Alteration of potassium feldspars to clay occurred after deposition. Evidence for
this is seen in partial alteration of feldspar grains to kaolinite, and the presence of
dust rims of cly around detritial grains.

The beginning of the Mound Valley transgression decreased the influence of
acidic fluvial waters which caused an increased in the pH of the interstitial water
of these units. Silica liberated by the conversion of potassium feldspar to
kaolinite was dissolved in pore-fiuids of the sandstones and the relatively high
porosity of these sandstones allowed unrestricted circulation of fluids through
sandstone units. This circulation of fluid oversaturated with respect to silica
precipitated syntaxial quartz-overgrowths on detrital quartz grains. These silica
cements occur over clay dust rims, which represent the clays derived from
feldspar alteration.

Marine regime: The next stage of diagenesis occurred after the transgression
that deposited the Mound Valley Limestone occurred, and allowed more alkaline
waters (pH around 8 and slightly oversaturated with carbonate) to replace
meteoric waters in the pore space of these units. During this transgression only
minimal compaction occurred (due to the deposition of only a relatively thin layer
of limestone) and poikilitopic calcite cement was precipitated. The slight
oversaturation of calcite in these waters allowed slow formation of large crystals
of calcite around limited nucleation points (most likely carbonate grains). In
addition, these waters were oxygen depleted due to the ongoing oxidization of
buried organic matter, thereby allowing dissolved iron to be incorporated into the
calcite cements. Replacement of quartz by calcite most likely occurred
contemporaneous with the deposition of the calcite cements, as evidenced by

grain-edge embayment of the detrital quartz grains.
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Grain-to-grain contacts and deformed mineral grains, particularly micas,
indicate that mild compaction occurred in most sandstones before calcite cement
was fully precipitated, some time after these units were deposited.

Organic material was replaced by pyrite about the same time as these units
were affected by marine waters. The oxidization of organic material may have
reduced the amount of dissolved oxygen in pore-fluids allowing anaerobic decay
to commence. Bacterial action resulted in S-2 production from SO present in

»

seawater and this combined with dissolved iron, forming pyrite in association with
organic material. |

Compagtional regime: The third major phase of diagenesis occurred after the
main phase of poikilotopic calcite cement precipitation, when compaction due to
the increasing weight of overlying sediments (most likely the deposition of the
Galesburg Shale and overlying units) may have significantly decreased original
porosity in units which were not tightly cemented. Clay shales and non-cemented
siltstones were the units most affected by lithostatic pressure. This compaction
was not great enough however, to cause suturing of detrital mineral grain
boundaries. Siderite nodules most likely formed early soon after deposition in
oxygen poor environment before marine waters entered the system, although
these nodules were later effected by compaction as suggested by their flattened-
disc morphology.

Due to increased depth in the sediment pile (and a slight geothermal
gradient), temperature was elevated to >50°¢ C, and soon after, the conversion of
smectite to illite occurred in the shale units. This clay mineral transformation is
thought to occur in the compactional regime, where temperatures and pressures

were increasing due to the growing height of sediment above. During the
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alteration of smectite to illite, the shale-waters became depleted with respect to
Al*3: while aaditional CO, production from the decay of organic matter lowered
the pH. The maturation of ciays and organics in the shale produced a shale-
water solvent capable of dissolving feldspar grains. These acidic, 'Al- depleted
waters were expelled from the shales, possibly pushed out by lithostatic pressure
or due to CO, production, and effected the nearby sandstone units causing the
partial or complete dissolution of Na-rich feldspars grains or Na-rich zones within
grains. These alterations produced the fabric of framework grain alteration and
framework grain dissolution, which increased secondary porosity in these units.

Most likely, calcite cement in the sandstones was partially leached prior to the
dissolution of feldspars, thereby increasing secondary porosity and permeability
in the sandstone units and allowed shale water solvent access to these units.
Whatever the exact timing of the partial dissolution of the cement, finer-grained
siltstones and sandstones which were surrounded by low-permeability shales
were not affected by these solvents and often contain fresh, unaltered feldspar
grains.

The major compaction episode is particularly noticeable in the finer-grained
siltstones and sandstones, which exhibit a tightly packed grain fabric and are
cemented with pore-filling cement. This later cement may have resuited from the
release of carbonate into pore-fluids during the smectite to illite transformation. In
addition, calcite replacement of these tightly-packed quartz grains occurred also
by the thin-film process contemporaneous to carbonate deposition.

Exposure : After exhumation and modern exposure, oxygen rich meteoric
water in the vadose zone effected these units. Ferroan cailcite was dissolved,

releasing Fe+3, which in oxygen-rich waters formed hematite. The "box-work"
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structures, which are common in outcrop, formed as ferroan calcite was dissolved

and hematite precipitation was concentrated on calcite cleavage planes.
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CONCLUSIONS

Based on sedimentologic and petrographic analyses of the cores and
outcrops of the Ladore Shale, including microanalyses of thin sections and the
construction of a cross-section and isopach map for this unit, the following
conclusions can be drawn about the petrology, depositional and diagenetic
environments of the Ladore Shale:

The three lithofacies recognized for this unit were deposited as elements of a
delta system that prograded across the Cherokee shelf. The silty-clay shale
lithofacies was predominantly deposited in a prodeltaic to delta-front environment,
although this lithofacies represents several different depositional facies. Thin
marine carbonate horizons indicate delta-lobe switching may have temporally cut
off terrestrial sediment input to the to the immediate area, thus causing local
marine transgression. Thin coal beds occur in this lithofacies, which indicate sub-
aerial exposure, possibly upon a crevasse-splay or bay-fill facies. The siltstone-
shale lithofaces represent distal bar and distributary bar facies, which were
deposited seaward of the distributary channel discharge. The sandstone
lithofacies represents deposition in distributary channels within the lower delta
plain. All of these environments may have been affected by tidal processes and
reworking of sediments.

The highly lobate form of the sediments of the Ladore Shale, as illustrated in

the isopach map for this unit, indicates that this delta system was dominated by



86

river sedimentation processes and was not significantly effected by waves or
longshore currents and processes.

Depositional source direction inferred from the isopach map of this unit
suggests that the paleosource was to the south-southeast. The sediments that
form the Ladore Shale were probably derived from the Ouachita mountains,
which were the dominant positive topographic feature that contributed detritus to
this area during the Missourian.

Diagenesis began effecting the rocks of the Ladore Shale soon after
deposition as siderite nodules formed after oxygen was depleted, but before
much compaction occurred or sulfur became available. Feldspar grains were
altered to kaolinite by slightly acidic fluvial waters present during deposition. The
silica released by this reaction initiated the formation of quartz overgrowths in the
siltstones and sandstones that had sufficient porosity and permeability to transmit
fluid.

After the succeeding iransgression began depositing the overlying Mound
Valley Limestone, interstitial waters became effected by marine waters,
oversaturated with respect to CaCO,, and poikilotopic calcite cement was
precipitated. Continued reduced oxygen conditions in these waters allowed Fe-
rich calcite to form, and an increase in sulfur from SO in the marine water
allowed pyrite to form as well.

Later during the Missourian, the Galesburg Shale was deposited during a
regressive event, and the weight of these and subsequently deposited sediments
increased compaction due to deeper burial of the Ladore Shale units. The
increased temperatures at depth initiated the conversion of smectite to illite in the

shale-rich portions of the Ladore. This conversion formed a shale-water solvent,
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that was able to alter the feldspars in the sandstones and siltstones of the
Ladore. Late stage pore-filling calcite cement was a by product of this reaction.
After modern exposure at the surface, iron-rich calcite was dissolved, thereby
liberating Fe+3, which formed the hematite cements that are conspicuous in

outcrops of the sandstones in Ladore Shale.
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Legend for core

Lithologies:

I

Shale

Silty shale

Calcareous shale

Limestone

Shaley limestone

Siltstone

Sandstone

Coal

Soil mottling

and outcrop descriptions.

Sedimentary structures:

’\/,\/

P

Siltstone—shale interlaminations

Plant fragments

Siderite nodules

Burrows

Brachiopods

Pyrite

€6



Section: Page's Pasture State: Kansas

Location: SW/SW Sec. 31, T27S, R21E County: Neosho

meters:
3.0
. Ladore Shale
. Oto 1.1 m
Grey shale, thinly bedded. Orange mottles
1o == common. Pore exposure, highly weathered.
0 —

143



Section: North Erie

State: Kansas

Location: NW Sec. 20, T28S, R20E County: Neosho
meters:

3.0 .
Mound Valley Limestone
15t 30 m

2.0— Calculutite, crinoid and brachiopods common.
Ladore Shale

1.0 —
Oto 1.5 m
Grey, calcareous shale. Small plant fragments (<2cm)
common. some mottling in upper 10 cm.

0 Covered lower contact.

G6



Section: South Erie State: Kansas
Location: NW/NW Sec. 7, T29S, R20E County: Neosho
meters:
4.0
3.0 Ladore Shale
- =] 0 to 3.0 m
| 7 Grey, clay shale. Siderite nodules common below
2.0—p- - 2.0m, rare above. Small plant fragments common,
' | decreasing upwards. Orange mottling at top of
|~ outcrop.
Sl Covered upper and lower contacts.
1.0
— -
P -
0]

96



Section: Parsons Lake (Type Ladore)
Location: NW/NW/NE Sec. 33, T30S, R19E

meters: samples: .
9.0
Ladore Shale
8.0 = 0.7 to 7.4 m
70 Clay shale with thin (<2cm) calcite cemented
= siltstone beds and thin calcilutite beds common.
- — Siltstone beds continuos for width of outcrop, > 20m.
6.0 — — : .
|~ 1 pL Siltstone beds may have wavy laminations and burrows.
50—+ —- 52 Abrupt lower contact.
4.0 [ 0.5 to 0.7 m
A il Thin (.1m) coal bed underlain by .1m thick grey
—— 1 PL shale underclay.
50 —+—=-7 3.2 Abrupt lower contact.
2.0 - — O to 0.5 m
Eplniis Thin bedded silty clay shale, abundandt large
1.0 plant fragments up to .5m long. Siderite nodules
common.
0 —O Covered lower contact
~

State: Kansas
County: Neosho

16



Section: Dixon Mound State: Kansas

Location: SE/SE Sec. 27, T32S, R18E County: Labette

meters: Samples:

9.0 .

[ Mound Valley Limestone
go || | |
l 7.5 to 9.0 m

7.0 | 7 Dense, grey calcilutite. Fossiis rare.

6.0 __| — 7]
5] Ladore Shale

50 | 5
il 7.0 to 7.5 m

4.0 | 7P Grey/orange mottles, shale chips and altered
D plant fragments. Decreasing alteration downward.

3.0 =
E—— 0O to 70 m

2.0 |7~ Fissile grey to black clay shale.
e DM Abundant large plant fragments and siderite

1.0 =273 7y nodules (<5cm). Thin siltstone beds (<2cm)
p : occasional, absent above 3.5 m.

0 _{—-—-=

86



Section: Big Hill State: Kansas

Location: SW/SE, Sec 27, T32S, R19E County: Labette
meters: Sample:
6.0 - .
Mound Valley Limestone
5.0 ] 5.4 to 6.0 m
Calcilutite, abundant large crinoid pieces.
[ Massive bedding.
4.0 —
Ladore Shale
3.0
i . 45 to 54 m
Hupiuiiand Orange,//grey mottled clay shale. Plant fragments
201 common, siderite nodules rare. :
9| & 0to 45 m
1.0 |/ ‘ Thin bedded clay shale, abundant plant fragments,
SpSaiaiie thin silty zones common. Siderite nodules abundant,
irem pilplin some >5cm. Occasional large plant fragments,
0 |l—=—7—== >30cm and 3 cm thick.
\\\’(/

66



Section: Sapulpa Shale Pit State: Oklahoma
Location: SW/NW Sec. 34, T18N, R11E County: Creek
meters: sqmples:
= |
Mound Valley Limestone
503 :
| — ] 51 to 6.0 m
| — —] Crinoidal limestone, very well indurated
401" —] Sharp lower contact.
so-f— .,  Ladore Shale
o] %8 0 to 5.1 m
20— -3 Grey shale, siderite nodules common below 3.0m.
’ 1 Fine siltstone layer at 2.8m, S5cm thick.
5 -] Lower contact covered.
1.0 — — —]
O _—.—.—-_—-

00}



Section: Lower Coffeyville State; Oklahoma

Location: NE/SE Sec. 14, T20N, R13E County: Tulsa
meters: Samples: ‘LC]dore Shale
- A LCS 160
100 TEEE) 1os 1s
14.0 —F = 1cs 145 148 to 16 m .
— B - Sandstone, massive beds, occasional trough crossbed
sets with 8 to' 10 cm wavelength, < 2 cm amplitude.
Plant fragments rare. Brown stained.
LCs 8.0 14.3 to 148 m

Lenticular and wavy siltstone interlaminations with
shale. Some herringbone interlaminations and small
ripples (<3 cm). Abrupt lower contact.

O to 143 m

Thin bedded shale with occasional thin siltstone
beds (<10 cm thick). Siderite nodules common,
plant fragments absent.

1O}
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Core: K.G.S. Dotson interval: 69’ 0° to 73' 0°, 21.2 to 21.9m

i | Oepth | Lithotogy | Eocction

Core Descriptions Interpretations

1 1
| 1T 1 Unit 3: 698" + Mound Valley
eo— 1 | . <21.2 m Limestone.
3 T 1 Oolitic limestone with extreme
] grain dissolution. Oil shows.
AT T 7 Grain size decreasing down,

70—

7'!——

- — —

- - e

to arg. limestone at base.

Unit 2: 72* 0" to 69’ 8
219 to 21.2 m

Silty calcareous shale,

decreasingly calcareous

upwards.

Abrupt basal contact.

Ladore Shale.

— = = =
==
A e Unit 1: >72* 0" Bethany Falls
| >21.9 m Limestone.
I Calcilutite, with increasing
L1 1 skelital grains downward.
1
1 73— | ITI |
| I

col



Core: K.G.S. Hines

interval:

128’ to 113’ 39.0 to 34.4 m

WUk Lo | Uthology | Tosetien Core Descriptions Interpretations
Bptiptiad - by Unit 4: 118" 0" to 110’ 6"
1e—f B 359 to 33.7 m
_E_-_—_— Shale with calcareous
I aaieiaite shelly layers common. Large
[ — — — — brachiopods common, pyrite
4 - common above 115°, rare
e T below. Frequent small shelly
W W Zones, some occasional small
=== plant fragments. Gradational
H Rt ptgtys contact. _
et — — — —
- B » »
A~ Unit 3: 124' 0" to 118' O
————— 37.8 te 359 m
pheigigiyl Finely lamanated silly shale
12001 5 = with abundant plant fragments
3 - which decrease in size and Ladore Shale.
T abundance upwards.
12— BT Gradational lower contact.
Pyl Unit 2: 126’ 3" to 124° O
—4 - -£-] 385 to 378 m
----- Silty shale with abundant large
1204 £ plant fragments, calcareous
iy -l shell layers. Brown oxidization
i1 layers common, decreasing
2 %%; upwards. Abrupt lower con.
gy prpema— Unit 1: >326' ¥
>J38.5 m
1 11 Arg. limestone, abundant Bethany Falls
P 1 1 limestone.

sheil fragments.

) Gk ap =4 =

~—

1508



Core: K.G.S. Hines Interval: 113’ to 108’ 34.4 to 32.6 m

skt | Om | uitnology | Coreban Core Descriptions Interpretations
—
——)
—

Unit 5: 110° 0" to 109’ 0"

108"
T ] 33.7 to 33.2 m Bottom of
— T T Arg. limestone containing Mound Valley
[—T—] brachiopods and crinoid pieces. | limestone.
5 1o~ —J] —]— Increasinfly caicareous upwards
—T1—1 grading into calcilutite.
—t et Gradational lower contact.

4‘ nz'._:’{“ o

14018



Core: K.G.S. Heilman

Interval: 145' to 130" 44.2 to 39.6 m

Wonit OB\ | Lithology Somple Core Descriptions interpretations
- B
3 Patiativi Unit 3: 131’ 4" to 128’ 0"
L - = 40.0 to 39.0 m.
—-— — = ] Calcareous silly shale with
13— —p— — interlaminated silt beds and
| - — = | occasional burrows. At top unit
3—— —3—- grades into arg. limestone.
T ] Plant fragments decrease in
136 —p — abundance above 128’ 6".
|— = =] Brown halos common.
:5 - -} Gradational lower contact.
,56'_..4" —— - M . ’ d N L]
P Unit 2: ‘143 77 to 131' 4 Lodora shale.
2 L 43.7 to 40.0 m Ve if
T ) i - ry uniform
_3_ - } Silty shale with thin calcareous above 142'
= - = silt interlaminations. Abundant more silt lam.
196 - —p~ — | burrows filled with caicareous below 142',
- — - — silt. Large plant fragments
- = — -] abundant, occasional brown
‘;‘ o halos, some silt lominations
4o P~ = show cross—bedding.
Ipaiaite Increasingly calcarsous towards
—_ — = 7:'(;.,- top. Gradational lower contact.

142

144

Unit 1: >143' 7"

>43.7 m
Limestone, abruptly gradational
upper contact. Thin calcareous
shale at top.

Bethany Falls
limestonas.

GOl



Core: K.G.S. Heilman

Interval: 145’ to 130’ 44.2 to 39.6 m

Wt | PR | Uthology Comple Core Descriptions interpretations
- B
S 7] Unit 3: 131’ 4" to 128’ 0"
L - 40.0 to 39.0 m
- — — Calcareous silty shale with
32— —p— — interlaminated silt beds and
| == | occasional burrows. At top unit
— 3_ - —3—- grades into arg. limestone.
i Plant fragments decrease in
13— —p— — abundance above 128’ 6".
Inptialialie Brown halos common. ,
— 3 - -—} Gradational lower contact.
136’} —_ — it 2: ' 7" ' 4"
P Unit 2: 1337 t70 ;% 01.3,; 4 Ladore shale.
2 = ) . 0 Very uniform
—-_i _ } Silty shale with thin calcareous above 142,
Ll = = 7 silt interlaminations. Abundant more silt lam.
138 - —p— — | burrows filled with calcareous below 142,
- — = — silt. Large plant fragments
— = = abundant, occasional brown
:7' iy § halos, some silt laminations
14— TP~ show cross—bedding.
Intaaiie Increasingly calcareous towards
_ j‘ — =] e top. Gradational lower contact.
142
Sy Unit 1: >143' 7°
— B >43.7 m
— ] Limestone, abruptly gradational Bethany Falls
144" upper contact. Thin calcareous limestone.
7 T 717 1 shale at top.
11

90}



Core: K.G.S. Kinne

Interval: 115° to 100°, 35.1 to 30.5 m

Unit
Number

®

Core Descriptions

Interpretations

—

prem—

— - ———

— i —

112°

' A o

114°

Ki 108'€

K 1ye

Unit 5: 105' 6" to101’ J°

32.2 to 30.8 m
Shale with calcareous interlam.
decreasing upwards. highly
burrowed, agbundant brown zones.
Gradational lower contact.

Unit 4: 112° 5" to 105’ 6"
34.3 to 322 m
Clay shale, abundant brown
Zones, often paraliet to bedding.
‘Brachiopods -rare. Grad.low. con
Unit 3: 113 3" to 112" 5
345 to 343 m
Slightly silty shale, abundant
plant fragments. Brown zones
and burrows absent. Siit

decreasing upwards. Gradational
lower contact.

Unit 2: 113 6" to 113" 3
346 to 345 m

Arg. limestone/limey shale with

abundant skeletal debris. Abrupt

lower contact.

Unit 1: 115° 6" to 113* 6

35,2 to 34.6 m
Calcarenite grading upwards into

calcilutite.

Ladore Shale

Bethany Falis
limestone.

01



Core: K.G.S. Kinne Interval: 100° to 85, 30.5 to 25.9 m
wom | ORY | Lithology Damele, Core Descriptions Interpretations
o T ] Unit 8: 90’ 0" to 79' 6" Small halos
- — — 27.4 to 242 m around plant
S Denibaniianiig Clay shale, rare small bivaives,| fragments or
— = — increasing upwards. Abundant burrows.
8 s | | brown zones below 83'.
- ] Gradational lower contact.
-—1__—-.-—-——-——4
o0’ n--———_——i.
i S Unit 7: 97° 0" to 90’ O
— = — 29.6 to 274 m Shale lam.
e | Clay shale, large plant not disrupted
92 | — — ] fragments abundant, size and by brown
- —— - ' abundance increasing upwards. | color zones.
e T Brown zones .abundant.
7 , _—__-'__“‘_"{- - Gradational lower contact.
oe—— — —p} ,
__—.E" R
] Unit 6: 101° 3" to 97° 0
- = 30.8 to 29.6 m
| T Ciay shale, abundant brown
o8 _|— — — zones. Plant fragments and
6 ] burrows absent.
=1 Gradational lower contact.
——-____.-__J

80!



Core: K.G.S. Kinne

Interval: 84’ to 78° 25.9 to 21.3 m

worr 1 PR | Lithology Somete, Core Descriptions Interpretations
[ R—
1 J l i T Unit 9: <79° 6" Gradational
— | <242 m contact
LI i Arg. limestone grading into between
9 |»_] _[_ —1 calcarenite. Contains lorge Ladore and
-I—l = brachiopods and crinoid Mound Valley
-] ._L. l“’T;l fragments. between 80°
To— and 78"
80— — — = |
8 | % ———
J-——1
[V

601



Core: K.G.S. Newland Interval: 199' to 197, 60.7 to 59.2 m

ot | OB | uithotogy Somele Core Descriptions interpretations
—T L .
wr —1t+—T1T1-1 Unit 3: <'%73 - Mound Valley
, - <60.3 m Limestone.
] : Calcilutite with abundant small
| I : brachiopod, crinoid and fossil
3 roreH I I | ] debris. Abrupt lower cont.
L 1.1 Unit 2: 198’ 9" to 197" 11"
LT 1 60.6 to 60.3 m Feather edge
L - - Slightly siity shale with Shale
100’ 1= abundant small shell debris, .
2 — ] increasing upwards. Abrupt
B il lower contact.
oee . — — Unit 1: > 198" 9"
T 71 ] >60.6 m
1 ] Oolitic limestone. Bethany Falls
7 199° i 1 Limestone.
| : | ! ]

OLt



Core: K.G.S. Loflin

interval:

171° 3" to 167’ 6", 52.1 to 51.2 m

Unit
Number

®

Lithology

Cooation

Core Descriptions

Interpretations

——

Unit 5: <168°' 3"

<52.3 m
Arg. limestone grading up into
calcilutite. Abundant shell
debris. Grad. lower contact.

" Unit 4: 168° 5" to 168" 3"

51.4 to 523 m
Calcareous.-. siity shale. .

Increasingly calcareous upwards
occasional brachiopods and
fine shell debris. Gradat:onal
lower contact.

Unit 3: 170° 6" to 168' 5°
~ 519 to 514 m
Silty shale, occasional brown

halos.
Sharp lower contact.

Unit 2: 170° 9" to 170° 5”
52.1 to 529 m

Srlty shale, abundant bivalve

fragments.

Abrupt lower contact.

Unit 1: >170° 9"
>52.1 m
Calcilutite, fossils rare.

Mound Valley
limestone.

Ladore Shale.

Bethany Falls
limestone.

LEL



Core: K.G.S. Gaddy Interval: 304’ to 319’, 94.3 to 97.1 m
N.?,:i:,.r Dmh Lithology Cocotion Core Descriptions Interpretations
10 |
: 1 I | Unit 10: 304' 8+, 943+ m
- — Umestone, brachiopods common. Mound Valley
306° - - - Sharp lower contact. limastone.
-1 = - Unit 9: 309° 10" to 304' 8°,94.4 to 943 m
= Shale, occasional burrows and Interiaminations
"} - of caicareous silt. Incregsingly fossiliferous
T T G 307'3"s ts:"p'wards. 8rach s and bryazroans present.
9 L T T 1T 1 arp lower contact.
308'—t1 — — Unit 8: 310° 2" to 309° 10", 95.1 to 944 m
- = ] Thin colcarenite, some mud filled burrows.
] 7 - _} Sharp lower qontact. Ladore Shale.
b~ — » Unit 7: 312' 0" to 310" 2", 85.0 to 95.' m
8 , !T!.' !’! ’.! .G 309°'11” Shaie, occasional burrows fllled with slit. Halos
310" — ===y common. Abruptly gradational lower contact. xgg;r::,pr'::o':v’r

T Unit 6: 316" 10° to 312" 0", 96.6 to 95.1 m
7 _“_.7‘ Shale with occasional siitstone interiaminations,
frequent burrows filled with calcareous silt.

31 2; L e — Abruptly gradational lowsr contoct.

5~ — Unit 5: 316° 7" to 314° 1", 95.7 to 966 m
b — = — Slitstone and shale interfaminations, some
- - with cross~beds and truncations surfaces.
6 - - AN A ¢ 3136 Occasional burrows. Abrupt lower contact.
g . _7-‘ Unit ¢: 316° 10" to 316° 7°, 96.6 to 96.7 m
314° — — — 4] ¢ 3147 Fine sandstone interiaminations with thin shale
[ — beds. Abrupt lower contact.
— —— 1. G 315'¢" Unit 3: 318" 4" to 316° 10", 97.0 to 95.7 m
5 —_— - ¢ 315%4"s Grey shale, small brachiopods at base,
316 — - N bedding absent. Abrupt lower contact.
/T T T e Unit 2: 318" 6 to 318' 47, 97.1 to 92.0 m
e B B B G 3164 Fossliiferous caicareous shale. Abralded shell
4 | 6 3167 debris and large plant fragments common.
3 — — ] exnrr Abrupt lower contact.
Q- Unit 1: <318' 6", <97.1 m Fall
318" — b —@ Limestone, bmchl.opods and shell debris Bethany Falls
3 [/ X
3 -;]TP—-II—P common. Sharp upper contact. imestone

43"



Core: K.G.S. Olson

Interval: 373° to 358°, 113.6 to 109.1 m

N Dfﬁ')" Lithology s ol Core Descriptions Interpretations
>p— — Unit 5: 364’ 6" to 348°' 6"
e 71111 to 106.2 m
- —p— Micaceous shale, abundant
s ]— — — brochiopods and plant debris
‘“!_!_f_“*‘q increasing upwards. Few
- —p - nodules and. halos present.
5 ~F—; = ] Gradational lower contact.
sezt p—= o | Unit 4: 369° 6" to 364" 6
T — o 1126 to 11,1 'm
— % p— Silty shale, slightly calcareous,
[ rare smali, brachiopods,
s~ p —p~ nodules above 368' 6.
) Saniemhndiing Abrupt lower contact.
T Unit 3: 369" 10" to 369’ 6° | Bottom of
se6e | — & | 112.7 to 1126 m Ladore shale.
—_—— - ] Calcareous shale, small
4 = brachiopods abundant,
“—Q—Q_ scattered crinoid debris
m‘_m‘___:_: no lamingtions. Sharp low. con|
L Unit 2: 371° 4" to 369" 10” .
—S=—= T 113.2 to 112.7 m Thin Bethany
—_— Calcilutite, brachipods common,| Falls limestone
3 370 :]'j il upper contact abrupt.
2 1 l | T | Sharp lower contact.
Bl » e Unit 1: ; ‘37;'24' Hushpuckney
—_— - .2 m
1 ’72""‘]" = Calcarsous shale, fossil shale.
-——]— —_F fragments common.

ELL



Core: K.G.S. Olson

Interval: 358°' to 343', 109.1 to 104.5 m

Coration

Core Descriptions

interpretations

um ‘W Lithology
-]
sw-—}:_ ]
7 = ]
_“'%_"_J’.;
PP

Unit 7: 346" 6" to 340' 6
106.3 to 103.8 m

Silt—shale interlaminations.
Small bivaives concentrated in
layers, occasional large plant
fragments, nodules and
burrows. Gradational lower
contact.

Unit . 6: 348’ 6" to 346’ 6"
106.2 to 106.3
Shale, non—calcareous.
Abundant burrows and small
calcareous laminations. Plant
fragments abundant.
Gradational lower contact.

Unit 5: 364' 6" to 348°' 6"

111.1 to 106.2 m
Shale, slighity calcareous.
Brachiopods rare, absent after
354°’, large plant fragments
(>2") abundant. Scattered
nodules and halos.

Gradational lower contact.

vLL



Core: K.G.S. Olson Interval: 343° to 328°, 104.5 to 99.9 m

R 1 O | uthology Sam Core Descriptions interpretations

9 | st 7 Unit 9: 332 0" to 327 O
_—E'_;.: 101.2 to 99.7 m
— - = - Grey shale with thin silt
Jep— = interlaminations and flaser
32 — beds. Occasional calcareous
i DD | layers, large. plont fragments
— T common. . Gradationgl lower
— — — | contact. " '
Bt — B S A N .
[ — — Unit 8:°340" 6" to 332* 0"
T — 103.8 to 101.2 m
8 ne—f — — - Shale, abundant calcareous
3 il lenses, laminations and brown
—_——— zZones. Large plant fragments
T present below 338'.
B8~ —p— —| Gradational lower contact.

"~
P

Sl



Core: K.G.S. Olson

Interval: 328’ to 313, 99.9 to 95.4 m

Unit
Number

w®

Lithology

soatien

Core Descriptions

interpretations

12

314’ —

318 —

RITE

0 N3y

oNry

s 0 J18°9°

Unit 12: 318° 0" to 313 3~
97.1 to 955 m
Fine sandstone/siltstone and
shale interlaminations. Sand—
stone lenses may me several

“inches thick and have cross-

beds, calcareous. Shale beds

are mica rich, non-—calcareous.

Abrupt lower contact.

Unit 11: 325° 0" to 318" 6
99.1 to 97.1 m

. Grey shale, large plant

fragments common. Polished
surfaces and thin carbonate

- layers common. Brown zones

present. Brachlopods in_ lower
carbonate zone. Grad Iower
contact.

Unit 10: 327 0" to 325’ 0"
99.7 to 99.1 m
Grey shale, large plant debris

common. Coaly interval
present, contains carbonate

. stringers ond is overlain by

brown mottled zone mixed
with unaltered shale layers.
Gradational lower contact.

Laminations
may be flaser
beds, climbing
ripples or
starved ripples

Polished areas
may be peds
or caused by
drilling.

Brown mottling
and large
plant fragment
may mark
exposure
surface.

gLt



Core: K.G.S. Olson

Interval: 315' to 308°, 96.6 to 93.9 m

Unit
Number

th
"

Lithology

Sompie
Locotion

Core Descriptions

interpretations

15

310°

14

13

Nz

e

Unit 15: 310" 0" to 292’ 6"
94.5 to 89.2 m
Fossil rich limestone.

Abrupt lower contact.

Unit i4: 310" 6" to 310" O
. - . 94,6 to 945 m
Fossiliferous "calcareous shale.
Brachiopods, crinoid fragments
and bryozoans common.
Increasingly calcareous
upwards. Grad.  lower

contact.

Unit 13: 313’ to 310" 67

95.5 to 94.6 m
Grey shale, calcareous siltstone
laminations aond halos common!
Occasional cross--lamination

in siltstone beds. Grad. lower
contact.

Mound Valley
limestone.

LL1



Core: 0.G.S. Hardin

Interval: 211’ to 196’ 59.7 to 64.0 m

2100 T

womdt | % | utnology Lompte Core Descriptions Interpretations
-
198 —
= — ] Unit 2: 190" 0" to 203’ 10"

2 w0 | . ] . 57.9 to 62.1 m Lowest Ladore
_ e = ] Silly shale. Occasional shale.
gl nodules, rare silt laminations
. — and brachiopods in lower part

i lpSintaie of unit. ,

R Gradational lower contact.
- - - _4 R

204
__]___I__l __i Unit 1: < 203* 10° Bethany Falls
——— H < 621 m limestone.

206 T=—T= Crinoidal arg. limestone
= p—— grading downwards into
e el S calcareous shale.

T o] } ]

8Lt



Core: 0.G.S. Hardin Interval: 181" to 168°, 55.2 to 59.7 m

i | Oapth | Uthology | Loceton Core Descriptions Interpretations
i inlicanba Unit 3: 179° 6" to 190" O
1.2 [ ] 54.7 to 57.9 m
g Silty shale with siltstone
B plicaianll interlaminations, decreasing in
SRR abundance downwards.
el Starved ripples, flasers, load
i o — o ] structures, common, decreasing
3 - N, downwards. Burrows increasing
-3 = downwards. Gradational lower
= = contact.
g D
ap—f/— -

6L1



Core: 0.G.S. Hardin Interval: 168" to 183, 51.2 to 55.2 m

o

i °m" Lithology Somle. Core Descriptions interpretations

< T

T Unit 4: 167° 8" to 179" 6

o] Hereew
PO N 51.1 to 54.7 m
LT Siltstone and shale

"7 He 17107 | nterlaminations, starved

N RS ripples and flaser bed. Siit
'”“f‘*,.‘;";x;"/'f- lenses show cross—bedding.
P Thickness of silt lenses
T T decreases downwards. Abrupt
4 -~ lower contact.

T BN
176 LN X : iy sl

b
178} 4 S

oct



Core: 0.G.S. Hardin

interval: 153" to 168’,

46.6 to 51.2 m

u.l.’,'.'.:.. &; Lithology Looedion Core Descriptions Interpretations
9 PR Unit 9: 153 2 to 183° 10
1950 Lul L ; 468 to 469 m
[ = LS Sandstone, massive bedding.
i A T Abundont lorge plont frogments
": : ___ Ho 155's Nodules Increasing domm
156° e .1 Ho 1559 Shorp lower contost. - > .o
—dy, cwm ey
8 T Unit 8: 153° 10" to 139",2"
=P , 0oto 485 m°- *
—_—i | — ] Sandstone and’ shale Interioir,
. __'-,f\c-. 2, - with : frequent crose—bedding.
158 g il - : Fidser beds and:.conviuted. . .
P‘ R beds rare. Plant Imgmonw
 BEDUPEN — mmmm"
‘ Unit 7: 15" 2 to 185° 10"
P RPN donapy 5.0 208 m
T e assive bedded, oondatom .
R with occasional figser beds Chonnel log deposit
— e .and thin shale laminations le
R upper unit. -Nodules common. in. bose.
7/ | er— oyt Sharp lower contoct.
e Unit 6: 165’ 10 to 167' O
g Ko 1830 80.6 to 50.0 m

104

16— XNt —
6 TS
5 Btk

Shale with Interlominations
of siltstone ond sondstone.
Lenticular sand beds show
cross lamination and storved
ripples. Mica abundont in
chole. Sharp lower contoct.
Unit 5: 167° 10" to 179' &

50.9 to Si.1 m
Sandstone with siity sh
interbeds. Shale docmolng
downword., Shorp lower contoct.

YA



Core: 0.G.S. Hardin

Interval: 138’ to 158, 42.1 to 46.6 m

wunh | Dapth | Lithology | Coection Core Descriptions Interpretations
[ — — — Unit 14: 141 8+ Colesh
—_ = .2+ m alesbur
) .:5_"‘ Shale, thinly bedded nodules shale. 9
7 4 ol — — common. Grad. lower contact.
e Unit 13: 141° 8" to 142° 10" | Mound Valley
—_— - - 43.2 to 435 m limestone.
E——— Arg. limestone. Crinold and
7 3 142 brachiopod debris common.
j = o e | Nodules present. Abr. lower con.
—) = —p Unit 12: 142° 10" to 143' 5" Top of Lodore
12 S aamton E: - 435 to 43.7 m shgle.
RO A Interlaminated siltstone ond
ST e zcglo. gln%e_ond continuous
AL S s showing some cross
11 -1 )\,/ Mo 148" lamination. $mall plant
148 TN/ Ho 145°11% fragments common, Sharp lower
BT S Ho 148°0° contact: - - i e ouun
.\....fy’-o\‘/ ' ) " AR A -
it Unit 11: 143" 5" to-147° 0
Yy - 43.7 to 44.8 m
R SRR s Fine sand:?one 'wit#- ?r‘squent
18— p N Ha 14856 flaser beds, increasing down.
Pcackabions Herringbone ‘cross—beds
. ral present. Sharp 'Iowor_ contact.
10 EFAT N Unit 10: 143" 5° to 152° 5°
190'—f TN 44.8 to 46.5 m
el Sandstone/sholc inter—lam.,
-] wh—;— containing multidirectional
__:- —~ 4 cross laminations. Starved
o RNl ripples and small plant
9 L common. Gradational lower
" - \ \. ..1 m '520". cOﬁtaCf.

cecl
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| | | ' |

Ha 145'11"s | Ha 146'0" Ha 148'5" s
Monocryst. Quartz . 133 . 126 i
Polycryst. Quartz i 6 | 24 6 2.4 5 2 3 12
Onhoclase 14 | 56 9 3.6 4 1.6 17 ' 6.8
Plagioclase 1 0.4 6 24 3 1.2 5 | 2
Muscovite 11 4.4 11 44 10 4 23 | 92
Biotite TR 0 2 0.8 1 04 : 1 ' 04
Chert 4 1.6 4 1.6 0 0 ! 3 1.2
Calcite Cement 37 14.8 33 13.2 59 23.6 2 0.8
Pyrite 0 0 1 0.4 0 0O « 0 ¢ O
Iron Oxide 1 0.4 1 0.4 0 0o . 4 1.6
Kaolinite 15 6 13 5.2 12 4.8 10 1 4
Chlorite 20 8 7 2.8 2 0.8 11 4.4
Hite 0 0 2 0.8 11 44 0 0
Primary Porosity 0 0 2 0.8 2 08 | 1 0.4
Secondary Porosity 3 1.2 4 1.6 12 4.8 3 1.2
Metamorphic Rx. Frag. 6 24 2 0.8 3 1.2 0 0
Sedimentary Rx. Frag. 0 0 0 0 0 0 0 0
Siderite 0 0 0 0 0 0 0 0
Microcline 1 0.4 0 0 0 0 0 0
Zircon 1 04| 2 0.8 TR 0 2 0.8
Tourmaline 0 0 0 0 0 0 0 0
Garnet 0 0 2 0.8 0 0O ' 0 0
Organics 12 4.8 10 4 0 0 2 0.8
Box-work Fe oxide 0 0 0 0 0 0 0 0
Rutile TR 0 0 0 TR 0 0 0
Quartz Overgrowths TR 0 0 0 0 0 0 0
Siltstone Frag. 6 0 0 0 0 0 o i 0
Fossil Fragments | o o0l o | 0 | 0 | 0
% Feldspars P 1111 11.52
% Rock Fragments | 6.94 3.75 2.13 1.57 |
% Total 100.00 100.00 100.00 100.001




M

Polycryst. Quartz

Orthoclase

Plagioclase

Muscovite

Biotite

Chert

Calcite Cement

Pyrite

iron Oxide

Ol

Kaolinite

~
»

Chlorite

iliite

Primary Porosity

Secondary Porosity

Metamorphic Rx. Frag.

Sedimentary Rx. Frag. -

Siderite

Microcline

Zircon

Tourmaline

Garnet

o

Organics

2.4

Box-work Fe oxide

Rutile

Quartz Overgrowths

ololo|o|o|olo|o|o|olnlml

Siltstone Frag.

w
()]

Fossil Fragments

o|o|o|ojo|a|o|o|elo|o|e|wN|w|ni~B oo R+ e|Blw(~w

o .

olojo|o|o|Rlojo|o|o|olo|N|N|o|o|a|~|S v |B|un|o|n|e B

® oo

ololo|o|o|o|ojo|olojolo|m|is|elv|ele|a

‘ -
oooooooooooog.:aom-

ololo|o|o|o|olo|=|olo|fi|=|clo|n|s|alnlojojnin(B NG|~

Olo|0|C|O

_1100.00.) -

100.00} -

% Quartz

% Feldspars 7.25 o) 22.22 14.48 11.17
% Rock Fragments 507 |, | 7.84 |. 1 4.14 30.96
% Total -1100.00 100.00
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i l | 1

Ha 163'0" Ha 165'9" Ha 169'8" Ha171'0"s
Monocryst. Quartz 131 | 524 | 118 | 472 | 131 | 524 | 117 ] 46.8
Polycryst. Quartz 9 3.6 5 2 7 2.8 4 | 16
Orthoclase 20 | 8 19 | 76 | 13 | 52 | 21 . 84
Plagioclase 8 3.2 5 2 6 2.4 5 | 2
Muscovite 8 | 32 9 36 | 14 | 56 | 23 | 9.2
Biotite 0 0 2 0.8 1 0.4 5 | 2
Chert 6 2.4 4 1.6 5 2 3 12
Calcite Cement 17 6.8 26 10.4 19 7.6 9 3.6
Pyrite 0 0 0 0 0 0 0 0
Iron Oxide 0 0 2 0.8 3 1.2 16 6.4
Kaolinite 5 2 9 3.6 16 6.4 14 5.6
Chlorite 0 0 13 5.2 13 5.2 8 3.2
llite 1 0.4 3 1.2 2 0.8 2 108
Primary Porosity 8 32 | 4 1.6 3 1.2 0 0
Secondary Porosity 26 104 | 26 10.4 14 5.6 0 0
Metamorphic Rx. Frag. 8 32 | 3-1 12 3 1.2 3 1.2
Sedimentary Rx. Frag. 1 0.4 0 -0 0 0 0 0
Siderite 0 0 0 0 0 0 0 0
Microcline 0 0 -0 0 0 0 0 0
Zircon -0 0 1 | 04 TR 0 3 1.2
Tourmaline 1 0.4 TR 0 0 0 0 0
Garnet 0 0 0 0 0 0 0 0
Organics 1 0.4 1 0.4 0 0 17 ' 6.8
Box-work Fe oxide 0 0 0 0 0 0 0 . 0
Rutile 0 0 0 0 0 0 0 0
Quartz Overgrowths 0 0 0o |0 0 0 0 | O
Siltstone Frag. 0 0 0 0 0 0 0 I 0
Fossil Fragments o | 0 ] 0] 0] 0 [0 | 0 | 0

(-]

% Feldspars
% Rock Fragments
% Total .
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0 318'9" |Ki 105' 4"

Monocryst. Quartz 12 72 | 288 | 94 | 376
Polycryst. Quartz 0 ' 0 0 0 1 0.4 0 { 0
Orthoclase 4 1.6 2 0.8 3 1.2 1 0.4
Plagioclase 4 1.6 2 0.8 3 1.2 1 0.4
Muscovite 7 2.8 20 8 4 1.6 72 28.8
Biotite 3 1.2 0 0 0 0 0 0
Chert 0 0 0 0 0 0 0 0
Calcite Cement 76 30.4 109 | 43.6 56 | 224 39 15.6
Pyrite 4 1.6 0 0 0 0 1 0.4
Iron Oxide 0 0 0 0 0 0 2 0.8
Kaolinite 6 24 12 4.8 61 244 | 28 | 11.2
Chlorite 2 0.8 2 0.8 3 1.2 1 0.4
lliite 0-| -0 0 | -0 0 0 0 0
Primary Porosity —0--t -0 0 0 0 0 0 0
Secondary Porosity Q-0 0 | 0 0 | o 0 0
Metamorphic Rx. Frag. | ~0--1 -0 0 | 0-| O 0 0 0
Sedimentary Rx. Frag. { -0~ {6 0 0 0 | 0 0 0
Siderite - - - 0 -+-0-| 0 |- 0] 0 0 3 1.2
Microcline - 0= 0-/-0 0 0 0 0 0
Zircon -TR | -0—{- 1- |- 0.4 0 0 TR 0
Tourmaline -0 "0 -0 0 0 0 0 0
Garnet 0 0 0 0 -0 0 0 0
[Organics -3 112 1 0.4 1 0.4 6 2.4
Box-work Fe oxide 0 -0 0 0 -0 0 0 0
Rutile 0 0 0 0 0 0 0 0
Quartz Overgrowths 0 0 0 0 0 0 0 0
Siltstone Frag. - 0. 0.[.0 0 0 0 0 0

i 6 0.8
% Feldspars .. {620 | .. - _ 2.08
% Rock Fragments . */.0.00 | _. -0.00 0.00
% Total - 1 100 100 100



Monocryst. Quartz

Y
o
g

G 314' 2"

404 |

112

G 315' 4"

114

G315'4"s

45.6

Polycryst. Quariz

0

2.8

Orthoclase

0.8

Plagioclase

0.8

0.8

Muscovite

Rim|mlo

8.8

8.8

Biotite

(=]
ol

Chent

QIO |O

Calcite Cement

—
[+2]

w
[\S]

25.2

Pyrite’

o
IS

iron Oxide

Kaolinite

sjolo|V| O]

Chlorite

lllite

Primary Porosity

Secondary Porosity

Metamorphic Rx. Frag.

Sedimentary Rx. Frag.

Siderite

Microcline

Zircon

Tourmaline

Garnet

oooooooooo;

|Organics

o
o

Box-work Fe oxide

Rutile

Quartz Overgrowths

Siltstone Frag.

~slo|lo|lo|o|=|olo|=|o|e|e|o|o|elo|md(|e|e

»Fossil Fragments

olo|lo|o|o|=|olo|o|o|o|o|o|ojo|o|w|giel|e 8o~

ojo|o|e|ol;

olo|o|o|o|n|o|o|olo|o|o|o|ololo|a|Rie|~|Ble|w

-—h

% Quartz 96.19 94.96 87.68
% Feldspars 3.81 5.04 12.32
% Rock Fragments | 0.00 ~.{ 0.00 0.00

% Total 100.00| ~ " "7100.00 100.00
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| % ; | : .
I G 316'4" G 316' 8" . G317'3"s

Monocryst. Quartz , A 88 | 362 | 63
Polycryst. Quartz 0 ! O 0 0o . 1 - 04
Orthoclase 1 0.4 3 1.2 4 16
Plagioclase 2 08| 3 1.2 1.0 04
Muscovite 11 4.4 2 0.8 38 | 15.2
Biotite 1 0.4 0 0 3 | 12
Chert 0 0 0 0 1 , 04
Calcite Cement 141 | 564 | 138 | 552 | '110:| 44
Pyrite 2 0.8 0 0 1 0.4
Iron Oxide 0 0 1 0.4 3 1.2
Kaolinite 4 | 16 | 0 0 7 1 28
Chlorite .5 2 | 9 3.6 1 1 04
ite St R L 0 _0 0 | 0 0
Primary Porosity . ~. = _|.-. 0 0.]-0 0 0 0
Secondary Porosity. .| .0 0 | 0 0 | O 0
Metamorphic}Rx..Fraf'gi.ﬂ...;, 0 0.{.0 1 0 | 1 0.4
Sedimentary Rx.-Frag, .0 .| "0 o.[ 0 0 0
Siderite - -~ L0 L.0 |. 0 0 0 0
Microcline ' R ) 0 .0 0 0 0
Zircon TR IR 0 1 0.4 0 0
Tourmaline i 0..| 0 0 0 0 0
Garnet 0 0 -0 0 0 0
Organics 5 | 2 0 -0 16 6.4
Box-work Fe oxide -Q 0 0. 0 0 0
Rutile "0 0 0. 0 0 0
Quartz Overgrowths = -0 0 0 0 0 0
Siltstone Frag. -~ -~ - 0 - 0 0 0 0 0
Fossil Fragments 8 3.2 5 2 0 0

1% Quartz . - - -7].95, - 1 93.62 90.14
% Feldspars - - - 411" 6.38 | 7.04

1% Rock Fragments - -1 0.00 | 0.00 | 282 |
% Total ~~ - == ~{100:00| - 100.00{- - 1100.00I
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l i

LCS 145s| LCS 14.9 LCS 15.0
Monocryst. Quanz 149 | 596 | 138 | 552 | 173 | 69.2 | 1561 | 60.4
Polycryst. Quartz 6 2.4 0 0 5 2 4 1.6
Orthoclase 5 2 10 4 1 0.4 6 2.4
Plagioclase 1 0.4 1 0.4 0 0 3 1.2
Muscovite 18 | 7.2 31 | 124 2 0.8 10 4
Biotite 2 0.8 6 24 1 0.4 0 0
Chert 1 0.4 0 0 0 0 2 0.8
Calcite Cement 5 2 0 0 0 0 0 0
Pyrite 2 0.8 0 0 0 0 0 0
Iron Oxide 17 | 6.8 0 0 20 8 18 | 7.2
Kaolinite 27 | 10.8 0 0 9 3.6 13 | 5.2
Chlorite 12 | 4.8 38 | 152 | 18 7.2 16 | 6.4
Hlite 0 0 11 4.4 0 0 0 0
Primary Porosity 2 0.8 12 4.8 3 1.2 3 1.2
Secondary Porosity 0 0 1 | 04 .| 15 6 12 4.8
Metamorphic Rx. Frag. | 0 0 1 104 | 3 1.2 9 3.6
Sedimentary Rx. Frag. | 0 0 0O} 0 0 o 0 0
Siderite 0 0O |0 0 0 0 | O 0
Microcline 1 1.04 | O 0 0 0 0 0
Zircon 0 0 |1 04 | © 0 1 0.4
Tourmaline 0 0 0 0 0 1 0.4
Garnet 1 0 0 0 0 0 0
[Organics 1 0 0 0 0 1 04
Box-work Fe oxide 0 0 0 0 0 0 0
Rutile 0 0 0 0 0 0 0
Quartz Overgrowths 0 0 TR 0 0 0 0
Siltstone Frag. 0 0 0 0 0 0 0
% Feldspars
% Rock Fragments 0.61 _ 1.65
% Total 100.0 100.0 100.0
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LCS 16.0

Monocystalline Quartz 153 | 61.2 77 30.8 89 35.6
Polycrystalline Quartz 9 3.6 1 0.4 1 0.4
Orthoclase 8 3.2 7 2.8 0 0
Plagioclase 2 0.8 2 0.8 0 0
Muscovite 1 | 04 32 12.8 12 4.8
Biotite 0 | 0 2 0.8 0 0
Chent 1 0.4 0 0 2 0.8
Calcite Cement 0 0 3 1.2 83 33.2
Pyrite 0 0 0 0 1 0.4
Iron Oxide 17 6.8 0 0 5 2
Kaolinite 3 1.2 113 | 45.2 37 14.8
Chlorite 4 16 | 1 0.4 10 4
lllite 0 0 0 0 0 0
Primary Porosity 7 2.8 0 0 0 0
Secondary Porosity 22 8.8 0 0 0 0
Metamorphic Rx. Frag. 3 1.2 0 0 0 0
Sedimentary Rx. Frag. 0 0 0 0 0 0
Siderite 0 0 0 0 0 0
Microcline -1 0.4 0 1 0 0 0
Zircon 0 0 0 0 1 0.4
Tourmaline 0 0 0 0 0 0
Garnet 0 0 0 0 0 0
Qrganics 0 0 12 4.8 9 3.6
Box-work Fe oxide 19 7.6 0 0 0 0
Rutile 0 0 0 0 0 0
Quartz Overgrowths 0 0 0 0 0 0
Siltstone Frag. 0 0 0 0 0 0

£

% Quartz 91.53 89.66 97.83
% Feldspars 6.21 10.34 0.00
% Rock Fragments 2.26 0.00 217
% Total 100.0 100.0 100.0
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