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ABSTBACT

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 allowed

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-deltaic

complex.

Formation of siderite noclules 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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lNTPIODUCTION

Geoloaic settina

During Early Pennsylvanian time, the collision of Laurasia with Gondwana

resulted 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 )  (F3ascoe 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 deitaic/prodeltaic deposition as deltas prograded across the

Arkoma basin and affected the Cherokee shelf during a period of regression

(Boardman and Heckel,1989).

Previous investiaations

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,
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Figure  1 :  Major tectonic provinces of the mid-continent during
Missourian Stage.
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T 30S,  B  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 in) on the Cherokee shelf to

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

Obiectives

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

gcometries of Ladore interval lithologies as represented by core and well log



Figure 2:  Missourian stratigraphy of southern Kansas, on the
position of the Ladore

outhward towards the
lower part of Cherokee shelf showin
Shale in the Coffeyville Formation. 8
Arkoma basin, the Mound Valley Limestone becomes thin or

tfb:SEe,Ifi:igfg#r#Sie:;§#:i:rF]gng%iiwLeard%%#',I:,::er#3{:°n
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I data.

2) To determine the extent to which the sandstones and siltstones of this

interval have been diagenetically altered,  by microscopically examining

intergranular cements, and the mineralogy of principal constituents 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.

Bepresentative samples of the sandstones, siltstones and shales were taken for

thin-section, S.E.M. and x-ray microanalysis.   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

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-

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

order to determine the three-dimensional morphologies 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

I
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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 mineral  identification.
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STPIATIGPIAPHIC OVEBVIEW AND

LITHOFACIES DESCBIPTIONS

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 in)  in central Kansas and reaching a maximum of  110 feet (33.5 in)  in

southeastern Kansas (Plate 1 ).

StratiaraDhic overview of the studv 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 f luctuations

(Heckel,1980).  The detrital sandstone and siltstone portions of these cyclothems

are thought to be the result of terrestrial material that prograded basinward during

regressive events (Heckel,1977).   The Ladore Shale overlies the Bethany Falls

Limestone (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 I
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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 in) 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 descriDtions

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

amount of shale present and dominant sedimentary structures.  These lithofaces

are  1 )silly-clay shale, 2)  interbedded siltstone and shale,  and 3) quartz

sandstone.   The characteristics of these lithofacies are summarized in Table  1.
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S®dlm®ntary Structures
Lltholacl®s:Silty{layshalelitholaciesmicritelayers•skeletalgrainlayersquartzsiltstonelayers Iaim.        siltstone     wavynent.         small          large           plant         burrows      siderito      fossils

shale      interbeds    laminaitions  x-Iamellae   x-beds    fragments                          nodules      frags.

C a-r a a a C C C a-.0

a a a a a a a a 0

a a a a a a a a C

r-O C a-r a-r a a-r 0 a r-O

Siltstone-shale lithofaciesmixedsiltstone-shalelabricfinei]rainedsandstonefabric C C C O-C a C a-O a-O a-r

0 C C a-0 a 0 0 a r-0

a C C a-C a 0 0 a r-O

Sandstone lithofacies a-r 0 r-C C C 0 a a-r a
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Silty-clay shale lithofacies

Core observations

The clay shale lithofacies comprises a fissile silly 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 skeletal

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 in).   Tan nodules, identified as siderite based on EDX analy.sis, are also

present in some cores, particularly in samples from the Hardin, 0lson and Gaddy

cores (Figure 4).

The most common sedimentary structures are fine laminations or

homogeneous bedding but include some layers of starved ripples composed of

fine-grained siltstone.   In some core samples,  lamellae 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).

OutcroD observations

ln 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 in) occur at the Dixon  Mound,  Parsons Lake,

Lower Coffeyville and Sapulpa Shale Pit localities (see appendix A for outcrop I
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Figure 4: Tan siderite nodules (N) and brown shale in the

S#t':yn:a:i::!tb::anci;sby!%e#3i:,:d,:i:!,i,igi(sarrur!t#y
Olson core, 330' 0".
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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 layers are burrowed

or contain shale laminations.   Thin, fine-grained sandstone beds wlth 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 in) present in great abundance at the Big Hill section  (Figure 6).   A six

inch (0.15 in) 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 silty 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 Hill

Ladore,  Parsons Lake,  Dixon Mound, and North Erie sections.   This color and

texture change is assumed to be the result 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 Coffeyville,  North

and South Erie and Sapulpa Shale Pit outcrops.  These oblate-disc shaped

features are frequently less than 6 inches (0.15 in) in diameter.   The long axes of

concretions are generally parallel to bedding.

MicroscoDic analvsis

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 I
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Figure 5: Carbonate-cemented quartz siltstone beds with

§thaaffr.P#seornasnf:3:::gt?ounn.da[bei6Je?:bTo#£;°t::,%fv:?cob
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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 f ine-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 f ragments with varying amounts of

matrix material composed of micrite and elastic 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 calcite

cement is present between skeletal fragments and elastic 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
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1.7  mm.

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

I
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1.7  mm

I
Figure 8:  Photomicrograph of skeletal calcarenite layer in the
silty-shale  lithofacies.   Note the complete recrystillization  of
the skeletal fragments.   Gaddy 309'  11",  plain  light.
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0.7 mm

fFr:g#rteh::sfitay`.C:1:}C:nma?ent,#of{::;g::jTnet8rsgar:g:i:r::fc¥teers
cement  (C)  is poikilotopic and exhibits unit extinction.   Note
calcite replacement of quartz grain (arrow).   Parsons Lake
5.2.  cross-polarized  light.

I
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mica-rich  lamellae.   Complete point-count data is given  in  Appendix 8.

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, 0lson and

Hardin cores.

Outcrop observations

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

Coffeyville Section where  1.5 feet (0.5 in)  is present.   Thin siltstone flaser beds
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present within the sHtstone layers (arrows) and may have
multidirectional cross-Iamellae.   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.

MicroscoDic analvsis

Analysis of the thin-sections reveals the presence of two distinct fabrics within

this lithofacies.   The dominant fabric shows lamellae 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  loo/o 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  loo/o of the silt /

sand layers.   Feldspars are altered 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 alternation of these

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

Figure  11 :  Muscovite grains  in siltstone (of siltstone-shale
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polarized  light.
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0.1  mm

I
Figure  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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0.4 mm

Figure  13:  Shale lamellae composed predominantly of parallel
muscovite grains within siltstone-shale lithofacies  .   Note  unit
extinction of shale lamellae (S),  and  poikilotopic calcite cemem
(C)  present in  siltstone layers.   Hardin  171'  0"s.  cross-polarized
light.

L]
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visible at macroscopic scale.   Shale mixed with coarse-grained siltstone and fine-

grained sanastones are present in the Gaddy,  Hardin and Kinne cores and the

Lower Coffeyville outcrop.   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  loo/o 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 calcite cement is present in some samples, and where absent, primary

and oversized secondary pores are found, generally making up less than 5

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 in) 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.   Pounded siderite pebbles and brown siderite nodules are rarely

present.   These sandstones are often abruptly overlain and underlain 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  (a).   Pore space is colored light
blue.   Note pore f illing calcite (C)  in  lower right hand corner.
Sandstone fabric of the siltstone-shale lithofacies.   Hardin
155'  6"s,  plain  light.
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1.7  mm

I
Figure  15:  Plant fragments and organics (0)  present in the
siltstone-shale lithofacies.    Note cellular structure of wooav
piant fragments (W).   Sanastone fabric of the siltstone-sha-le
!ithofacies.   Hardin  155'  6"s,  plane  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'.



34

the siltstone-shale lithofacies.   The O.G.S.  Hardin core is the only subsurface

sample location where this iithofacies is present (Figurel7).

OutcroD observations

The sandstone lithofacies crops out as a 4 foot (1.2 in) thick rlppie-laminated

fine grained sandstone at the Lower Coffeyville section near Sapulpa, Oklahoma.

Cross bed sets have a height of approximately 2 inches (0.05 in) and a width of 3

to 4 inches (0.08 to 0.1  in).  The sands are poorly cemented and are stained

reddish brown.   Plant fossils and nodules were not observed.

Microscopic analvsis

Units that compose the sandstone lithofacies are made up of well-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 a/o 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°/o of outcrop samples and between 2 and 10 a/o of sandstones

from core.
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hr-ee southerh most cores,and that the sandstone lithofacies is
present only in the most southern Hardin core.
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0.4 mm
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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

:ignudrseto2n°;itehvo::ac',:!Pe8,8}C::!t#:r8fhjfi!?eg'(ea:r8Le)Sentjnthe
surrounding quartz grain  (a).   Plagioclase feldspar graln  (F)
howing pa-rtlai diss6iutioh.  and weathered orth6cia5e grain
0)  partially converted to kaolinite.   Patch  of pore filling
alcite cemem  (C)  is Partially replacing quartz grain.   Note

!ignt blue color is pore space filled with  polyester resin.
Harain  165'  9".  plane  light,
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Feldspars compose less than 6°/o of outcrop samples and average roughly 1 o a/a

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°/o 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  i a/o up to 15°/o, while secondary porosity varies widely

among samples (from  1 a/a to 9°/o) 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.

I
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Figure 21 :  'Box-work'  iron oxide structures found  in  outcrop
samoles of the sandstone lithofacies.   Fibers of hematite
span  the width of this pore and intersect at roughly 60o and
120o.   Lower Coffeyville  16.0,  plane  light.
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DEPOSITIONAL ENVIBONMENTS

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 lithologies in cross-section; and 3) sedimentary structures and

dominant grain size of the units within each  lithofaces.

Diaanostic 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



42

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 si]iciclastic 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 kin) from less than 20 feet (6.1  in) to greater

than 80 feet (24.4 in) 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.

I
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Distribution  of lithofacies

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 silly-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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present from the northern to southernmost cores and outcrops.   Along the

northernmost edge of the Ladore these shaley units are thin and calcareous,

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.

Sedimentarv Drocesses

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  laterally

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 reworking 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
f::s#;#:t:S3CTn:f:g::adge::C:r,:I?fh::f::::e:s:.:usdT!t'fagc;f%rns#:::-ei:?,#§,ia:Ct:ense.

shale lithofacies deposited within distributary mouth bar and
distal bar facies, sandstone lithofacies 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).

flare 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 elastic

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 elastic 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
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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 elastic inf lux of relatively coarse-

grained material represents the penetration of the delta-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

elastic 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 in)

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 f ront 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 in)  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 facjes is associated
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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 location to the source of

sediments, compared to the silty-clay shale lithofacies.



`1

53

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

i
I
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described in the modern by Coleman and Gagliano.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 load and was deposited over sandy channel deposits.
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DIAGENESIS

Diaaenetic effects

The sandstones and siltstones of the Ladore shale have undergone

diagenetic in.odifications that include: the formation of authigenic cements,

alteration of feldspars, partial dissolution 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 a/o 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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quartz grains by calcite is suggested by the embayed nature of the edges of

some quartz 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 calcite 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 i ilm 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

overgrowihs.

These calcite cements formed as calcium cations and carbonate anions become

overstaturated in pore fluids,  precipitating calcite in voids.   Potential sources for
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0.1  mm

Figure 24:  Quartz grain being replaced by caiclte along grain
boundary.   Note that eunedral syntaxlal quartz overgrowth

S:#eer:tg:torLta:cacuuarrezdgbr:I:r(eQ3:Tkii:ta:bn,8:na:#£trtezcement
formed.   Hardin  169' 8",  crossed-polarized  light.
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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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these ions include: oversaturated seawater, dissolution of soluble carbonate

rocks and clay-mineral reactions (Hutcheon,1983).   The abundance of calcium

carbonate in these rocks, as fossils, shell layers and cements ancl 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 seawater, which was oversaturated

with respect to calcite.   Poikilotopic cements may have formed by slow

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 fluids through these units,

dissolving the bulk of the calcite cement and increasing secondary porosity.   Fluid

flow was restricted in the finer-grained units, thereby decreasing the amount of

calcite 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-fluids (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°/a 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 overgrowlhs 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
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0.1  mm

Figure 28: Quartz overgrowth on detrital grain  (Q) with
pronounced dust rim.   Note interlocking nature of this
overgrowth  (0) with surrounding grains (arrows).   Lower
Coffeyville  16.0,  plane  light.
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0.37 mm

Figure 29:  Scanning electron  micrograph  of dipyrimidial euhedral
quartz overgrowths.   Note clays (C) forming 'dust rim'  under
overgrowth  (0).   Hardin  159' 6",  5  kv.
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the conversion of feldspars to kaolinite, or clay mineral diagenesis (Leder and

Park,1986,  Bj¢rlykke,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, BIatt (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 unlikely 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:

2KAIsi308 (potassium feldspar) + 2H+ + H20     -->

A12Si205(OH)4 (kaolinite) + 4Si02 (aq) + 2K+

ln this reaction  Na-rich feldspars are altered by H+, which  is present in

groundwaters due to vegetative processes (Bj¢rlykke,1984).   During this

conversion,  1  cm3 of K-feldspar yields 0.46 cm3 of kaolinite and 0.43 cm3 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 a/o



68

to loo/a of point-counted samples; this is equal to or greater than authigenic

quartz, which makes up a maximum of 2°/a of these units.   Therefore, assuming

kaolinite formed according to the above reaction, sufficient dissolved Sird 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 Sird during the alteration of smectite to illite.

Iron 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°/a on average of the rock specimens from

outcrop locations.   Samples with abundant hematite cement generally lack

poikilotopic calcite cement and have elevated secondary porosity of roughly 6°/o.

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 overgrowlhs 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°/o of the rock, and does not form cement but rather take the

form of grain coatings or pore fil[ings.

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

I
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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

2,).

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. I
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0.1   mm

Figure 30:   Plagioclase grain  (P) showing preferential
leaching along cleavage planes.  The areas being replaced
may be less stable due to higher Na content relative to the
rest of the grain.   Blue areas are pore space.   Hardin  159' 6"
plane  light.



1.2  mm

Figure 31 :  Scanning electron micrograph showing evidence of
preferential dissolution of feldspar along cleavage planes of
plagioclase grain.   Note formation ot 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 planes.

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 alteration 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°/a 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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i.0 mm

Figure 32:  Scanning electron micrograph of kaolinite books.
The delicate morphology of these clay crystals indicates
autnigenic origin.   Hardin  159'  6",  5  Kv.
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The more stable cleavage planes (P) and outline of the grain
can still be seen  (arrows).   Note kaolinite crystals (K) present
ln  pore space.   Hardin  159' 6",  plane light.
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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 AI+3 from the shale water during

clay diagenesis.  As diagenesis proceeds, waters in the shale become

increasingly acidic due to the addition of C02 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):

NaAIsi308 (albite) + 2Ca+2(aq) + 4HC03-(aq)     -->     Na+(aq) + Al(OH)2+

2HC03-+ 3Si02(s) (quartz) + 2Cac03(s) (calcite)

During this reaction calcite is precipitated as a cement, while teldspars 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 C02 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 C02 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 in) 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

ln 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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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-4 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.

Paraaenesis

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 conditions of pore-water chemistry, compaction,

temperatures and mineral alteration.   The transitions between  regimes are not

sudden, and represent the gradual changing subsurface conditions.   The

proposed paragenetic sequence is illustrated in figure 35.

Fresh water meteoric reaime: 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.



79

:!gau+=:d3:¥:ri#r§ee:eep:rt%tr:a:gne:nL:#ns:a!:d::n§ei,:::r#t::¥::m€£;enot
have been active.   Stippled pattern represents gradational
transition between diagenetic regimes.

I



-

Diagenetic   effect Meteori.c   ff8g/.mo     I         Marine   Regime      I     C°mB%::#°ena'       I       Exposure

CompactionPyriteformationSideriteFormationFeldsparc]Itera{iontoKaoliniteOuarfzovergrowthsCcllcitecementformationCcllcitereplacementOfqLlclrfzSmectitetoilliteconversionFeldspardissolution(FCAandFCD)Hemotiteformation
I.   .     `   ..•.,'.-..,,•....`......\..'...t.`.•.`+..•`•'..`.,`..,.,'....^.....\...}1.-•_>.``•.\`..`.-'...-.=I.~\:...\•,'.•.,...`.,\'.`':'...`.•.....,`,I

.:-..  i`•.'..\..`-.\....•'\..I•.\`,.,.`..,,,`.:`..,~,,..,'•.`:.I..:.«.\.•:.I.:.......,,.®..-;I;i,...`.,.I.`\.`...-.`==.`.`....•...,'.•..,.•,.-,`'..:•..'r`_. '-<',-.-_.'.,i,\`...`..`+.'`\.`.-.,.,:i.V..•....\..._,.I•,.,..•..``..`....\.,..

Increclsing   Time



81

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-fluids 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 syntexial 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.   Beplacement 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-4 present in

seawater and this combined with dissolved iron, forming pyrite in association with

organic material.

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 >50o 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

Altoi while additional C02 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 C02 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 porosfty 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 resulted 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.

EXDosure : After exhumation and modern exposure, oxygen rich meteoric

water in the vadose zone effected these units.   Ferroan calcite was dissolved,

releasing Fend, 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.

I
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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
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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 transgression began depositing the overlying Mound

Valley Limestone,  interstitial waters became effected by marine waters,

oversaturated with respect to Cac03, 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-4 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+39 which formed the hematite cements that are conspicuous in

outcrops of the sandstones in Ladore Shale.

I
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APPENDIX A:
OUTCPOP AND COPE

DESCPllpTIONS



Legend   for   core   and   outcrop   descriptions.

Lithologl®9:

Shale

Silly   shale

Calco+®ous   shale

Lim®8ton®

Shal®y   limestone

Siltstono

Sand9ton®

Cool

Soil   mott'ing

-

Sedimentary   structurog:

```  +ly        Siltston®-shale   intorlominations

P               Plant   fragments

•     Q     `              Sid®rit®   nodul®9

7
•.77

Burrows

I      -         Brachiopod9

B     a          Pyrito



-

Section:   Page's   Pasture State:   KQnscls

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

meterg:

1111111111
11

Ladore   Shale
0   to    1.1    in
Grey   8halo.   thlnly   boddod.      Orange   mottl®9
common.   Pore   oxpo8uro,   highly   wecitherod.



Section:   North   Erie                                                  State:   Kansas

Location:  NW   See.   20,   T28S,   R20E              County:   Neosho

meters:

I11Iiil
I

.III P--II.

L=

Mound   Valley    Limestone

1.5   to   5.0   in
Calculutite,   crinoid   and   brachiopods   common.

Ladore   Shale
0   to    1.5   in
Grey,   calcareous   shale.   Small   plant   fragments   (<2cm)
common.   some   mottling   in   upper   10   cm.
Covered   lower   contact.

L=



-

Section:  South   Erie                                                            Stclte:  Kansas

Loccition:     NW/NW   Sec.   7,   T29S,   R20E              County:   Neosho

Ladtjre   Shale
0   to   3.0   in
Grey,   clay   shale.   Siderite   nodules   common   below
2.Om,   rare   above.   Small   plcint   fragments   common,
decreasing   upwards.   Orange   mottling   cit   top   of
Outcrop.
Covered   upper   and   lower   contacts.

1.0

0



Section:    Parsons   Lake   (Type   Ladore)                                State:    Kansas
Location:    NW/NW/NE   Sec.    55,   T50S,    R19E                   County:    Neosho

meters:               samples:

Ladore    Shale
0.7   to   7.4   in
cloy   shale   with   thin    (<2cm)    calcite   cemented
siltstone   beds   and   thin   calcilutite   beds   common.
Siltstone   beds   continuos   for   width   of   outcrop,    >    20m.
Siltstone   beds   may   have   wavy   laminations   and    burrows.
Abrupt   lower   contact.

0.5   to   0.7   in
Thin    (.1m)    coal    bed    underlain    by    .1m   thick    grey
shale    underclay.
Abrupt   lower   contact.

0   to   0.5   in
Thin    bedded    silty   clay   shale,    abundandt   large

plant   fragments    up   to    .5m    long.    Siderite   nodules
common.
Covered    lower   contact

-- -



Section:        Dixon    Mound                                                        State:    Kansas

Location:      SE/SE   Sec.    27,   T52S,    R18E               County:    Labette

meters:                     Samples:

LOI.0

D1

I

I.0_I.0•.0_I.0:.0_•0_I -_d-p-_-

-P--
- - ` r2

-         ..   `,.'     ':

--
--(J-.--

_:.i-TT
--_p-_-_

Mound    Valley    Limestone

7.5   to   9.0   in
Dense,    grey    calcilutite.    F-ossiis    rare.

Ladore    Shale
7.0   to   7.5   in
Grey/orange   mottles,   shale   chips   and   altered
plant   fragments.    Decreasing    alteration    downward.

0   to   7.0   in
Flssile    grey   to    black    clay    shale.
Abundant   large   plant   fragments   and    siderite
nodules   (<5cm).   Thin   siltstone   beds   (<2cm)
occasional,   absent   above   5.5   in.



Section:   Big    Hill

Location:    SW/'SE,   See

meters:
6.0  --   -

5.0 --

4.0-

5.0 .-

1.0   ---

0

Sample:

27,   T52S,   R19E

State:   Kanscis

County:   Labette

Mound    Valley    L_imestone

5.4   to   6.0   in
Calcilutite,   abundant   large   crinoid   pieces.
Massive   bedding.

Ladore   Shale
4.5   to   5.4   in
Orange/'grey   mottled   clay   shale.   Plant   fragments
common,   siderite   nodules   rare.

0   to   4.5   in
Thin   bedded   clay   shale,   cibundant   plant   fragments,
thin   silty   zones   common.   Siderite   nodules   abundant,
some   >5cm.   Occasional   large   plant   fragments,
>30cm   and   5   cm   thick.
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Section:   Lower   Coffeyvi||e                                              State;   Oklahoma

Location:   NE/SE   See.    14,   T20N.   R13E                County:   Tulsa

Ladore   Shale

14.8   to    16   in
Scindstone,   massive   beds.   occasional   trough   crossbed
sets   with   8   to   10   cm   wavelength,   <   2   cm   cimplitude.
Plant   fragments   rare.   Brown   stained.

14.3   to    14.8   in
Lenticular   and   wavy   siltstone   interlaminations   with

:i::'i:.s S(°<Te c#.rjnAgbbr:::  ,i::eer;a:i:::jc°tTS  and  SmaH

0   to   14.5   in
Thin   bedded   shale   with   occasional   thin   siltstone
beds   (<10   cm   thick).   Siderite   nodules   common,
plant   fragments   absent.

LJ rl -



- -- _.   -   ``-- - -
Core:    K.G.S.   Dotson             lnt.rval:   69'   0-   to   73.   0-,     21.2   to   21.9m

- -

OutNuntr Dan Lilt,o'oqy EL Core   D®scrlptione lnterpr®tatlons

i e,.'7'72.7,'

-,,I,I---
unit  3:   69.8-   + Mound   Volley

11

111--i
<2'.2   in Lim®ston®.LadoreSholo.B®lhonyFalls

I.I          _           I
Oolitlc   llm®ston.   with   .xtrome

gr£!.:  g;i::o'du;';a.:..s% s3::::toorg.Ilmeeton.atbaa..Unit2..72.0-to69.8-
11

I        -I        -I-I-I-

2

i===±=±====
21.9  to   21.2   inSiltycalcor.ous9holo.

±===: d.¢reasingly  calcaroous
upwards.

=:±=±
Abrupt  bo9al  contact.Unit1..>72'0.

i=i==

7

----
11

Ill >2'.9  in Limoston®.
[1 Calcilutite.   with   incroaSing
Ill 8kolital   gral.ns   downward.
11

Ill

11

Ill

[1

-



Cor®..   K.G.S.   Hin.s                |n|.rvo|..    128.   to   113..   39.0  to  3+.+  in

uh*N- Din uthoioor EL Core   D®scriptlons lnt®rpr®totions

4

I,,'',II''2'as
====± unit   +..118.  0.   to   110.   6.

Lodoro  Shole.B.thanyFolls'im®stone.

J5.9  to  JJ.7  in
a--I-=- Shal.  with  colcareous

sh.Ily  lay.rs  common.     Lorg®` - _- ` 8€amc#°o?edasbo%m,ft°5?..%gte
below.   Frequent  smoll  sh.Ily_-_I zones.  some  occasional  small

8;°nnttocfitTgm.nts.  Crodotjono/

i2

Ttr____iI___-FE|TF£____i
unit   3:   124.   0-lo   118.   0.

Fin.|y  |a3|.n8ots°d  3s#t79  smho|e
with  abundant  plant  fragments-_-_I_ which  d®creos®  in  size  and
abundance  upvlords.

=Fr_-__i Grodotionol  lower  contact.

____-Jr_ uni.   2..   126.   3-   to   12+.   0.
J8.     fo     7.8m

Silty  shal.  with  abundant  longe
=F£____i plont  frogm.nts,  colcar®ous-_-_ sh.II  Ioysrs.   Brown  oxidization
]1

Lapy;.rsrds.o%m"o;i:cwc#ag:'n:_--_
]1

unit   I:  >>1gr3± rm

7
11 Ang.   Iim.stone.  obundcint

I       '        I       _        I shell  fragm.nls.I-I

FT -



- - -- -,..
CE9P±H_ip±s____           In€_erval..113.  to   108..  3+.+  to  32.6  inun- Oar Li'holoqy EL Core   DescrlptionS lnt®rprotations

5

for unit  5..   110.   0-   to   109.   0-
Bottom  of

'''',

tl
JJ.7  to  JJ.2  inIll

11 Arg.   limestone  containing Mound   Volt®yI-I-I bra¢h.Iopods  and  crlnoid  pi.c.9. Iim®slon®.
'gnrcor3:ns§n#%oC=:C,=;3asj%es.uP"rdsI-I-i

4 _E+I=-E= Gradational  Iow®r  contact.



Core..   K.C.S.    Heilman              Interval:    145'   to    130..   44.2   to   39.6   in

unitNumb,r Din)h Litholooy
SLo°cmo&':n Core   Descriptions Interpretations

2

'32.'3+,'J6,'38.I,I,2'.',,'

•__E+__.•T--i

H„

Unit   3..    131'   4.    to    128`   0.

Lodoro   shale.Veryuniformabove142'.

40.0   to   Jg.O  in
Colcareous   silty   shale   wl.th-P-- inlorlominotod   silt   bods   and

i=-= occasl.onal   burrows.   At   top   unl.t
grodos   into   org.   limestone.

'__JT__.
Plant   fragments   docreaso._  inabundanceabovet28'6".

Brown   halo9   common.

I_---L` Cradat.Ioncil   lower   contact.

T,i- Unit  '2..143.    T    lo    131'   4.`43.7   to   40.0   in

Silly   shcllo   with   thin   colcoroous
silt   lnt®rlaml.notions.   Abundc]nt more   Silt   lam.'__JT__. burrows   fillod   wl.th   calcoreous below    142..BothcinyFalls
silt.   Largo   plant   fragments
abundant.   occcisional   brown
halos.   some   silt   laminotl.ons-P-- show   cross-bedding.
Incr®aslngly   ccllcor®ous   lowords

i_p__i I,O'r top.   6rcldationol   lower   contact.unit':>'43'T

- -, --.-.-
_-7L_- >43.7   in

Lim®s[ono.   cibruplly   grcidational

7

upper   contact.   Thin   colcoreous limestone.
1'11

shale   ot   top.
11

11 EI - -1-- -



- Ill - - -
Core:    K.C.S.   Heilmcin              Interval:    145'   to    130'.   44.2   to   39.6   in

UnitNumb,r O:Rih Lltholoqy
SLo°cmo#n Core   Descriptions Interpretations

2

'J2''3+,'36,'38,'4I,2..',,,

.__I__.•T--i

H,l'

Unit   3..    131'   4"    to    128'   0-

Lodoro   shale.Veryuniformobovo142',

40.0   to   39.0   in
Colcar®ous   silly   shale   with-P-- interlciminoted   silt   bods   and

i=-: occasl.onol   burrows.   At   top   unit
grcldos   into   org.   limestone.

.__Er__.
Plant   fragments   decrease._ .Inobundan6eabove128'6".

Brown   holo9   common.

3[-:- Cradational   lower  contact.

T,__ unit   2:   143'   i   to   131'   4.
43.7  to  40.0   ini--- Silly   shale   with   thin   calcareous

sl.It   interlaml.natl.one.   Abundant more   silt   lam.'__JT__. burrows   filled   with   calcoreous below   142'.BethanyFclllslimestone.
silt.   Large   plant  fragments
abundant,   occasional   brown'±-i_-:i
halos,   some   silt   laminatl.ons
show   cross-bedding.
Increasingly   ccllcor®ous   towards

I_p__i
I,a.9. top.   Cradationol   lower  contact.unitI:=,43'7"

- - , --.-I-_-i--- >43.7   in
Limestone.   abruptly   grodcitioncll

7
]] upper   contclct.   Thin   calcareous

I.              I            -I
shale   ot   top.I-



Core:  K.G.S.  Kinn.                    Interval:  115.  to   lco'.   35.I   to   30.5   in

gutNt- 0" uthokrty iEL Core  Oescn.ptions lnt®rprototions

5
'0&®'0,,'oe.    -'08,.IIa,.'I2.,'',.

ra  '05'<ra''3',

unit  5:   105.  6.   toloI.  5.

Ladoro   ShaleB.thanyFoll9

32.2  to  30.8  in
Shat.  wl.th  calcorcou9  intorlom._-_

-+Z.`i=-I decrca9ing  upward..   highly
burrowed.  abundant  brown  zoneg.
Gradotionol  lower  contact.

unit  +:   112.  €   lo   105.   6-
+--. 34.3  to  32.2  in•i=. Clay  chol.,  abundonl  brown

zones.  oft.n  po\rall..t =to  b.dding.

4

Brachiolp®d8  >rare. e.rod.low.   con

unii`3..   Ii3.-I   io`  n2.  5-
J4.5  to  J4.J  in

slightly  9ifty  shal..  abundant
plant  fragments.   Brown  zon®9
and  burrows  abe.nt.  Sill
d®croasing  upward..  6radational
lower  con.act.

unit   2:   113'   6.   to   113.   I
4.6  to  3+.5  in

Arg.   Iim®ston./limey  9hal.  with
abundanl  8kele.al  debris.  Abrupt
lower  contact.i •.-.I. 1 - .
unit   1:   115'   6.   to   113.   6-

2 [=1=I 35,2  to  3+.6  in limestone.I-I- Colcaron.It.  grading  upwards   into

7
I         '          I         _          I ca'cilutite.
]1

-  Ill.,  1 - - EFT -- .-_-



-( --
Core:    K.C.S.   Kinn®               Interval:  100.   to  85'.   30.5   lo   25.9   in

urn- Oar Litho'Ogy EL Core   Descriptions Interpretations

876

ee.ercO,,2,®,.,Or9e, unit  8:  90.  0.   to  79.  6- Small   halos
27.+  to  2+.2  in around  plont

cloy  shale.   rare  smoll   bivalves. fragments  or
increasing  upwards.  Abundant burrows.Shalelam.
brown  zones  b.Iou  83..

-P--

Gradotionol   Iow®r  contoc{.unit7:97.0"to90.0.

Tr__ 29.6  lo  27.+  in
Cloy  shal..  largo  plant not  disrupted__r frdigments  abdrndcht.  sl.z.  and by  bro"n
abundance  incroosing  upwards. color  zones.-,P_ Brovln  zoneg  obund6nt.'

___PII__i Gradational  lower  contact.unit6..101.I.to97. a"

30.8  to  29.6  in
Clay  shot..   abundant  brown
zon.S.  Plont  fragments  and
burrows  absent.
Grada{ional   lower  contact.

- -



Cor€=  ¥_.e.S.   Finn_e                  I_n_t_9_r¥ql±_a_±'   Eo  _7a..   2_§.9  _So_   2±.3   rr\tut- Oar utho'Oqy EL Core  Descriptions lntorpr®totions

7€.;7rerar„,
unit  9:   <79.  6- Cradationol

9

I        I,       _'       I

[11 <2+.2  in contact11 itrg.   limestone  grading  into belw®en
11_I calcoronite.  Contains  large Lodor.  and- 1= [=

bro¢hiopods  and  crino.Id Mound   VolleyI- I- I frogm.nt9. bet.con  80.and78,.T1=1=

8

- - IT --



-
Cor.:K.6.S.   N.wlond            lnt.rval:  199.   lo   197..   60.7  to   59.2   in

unANuntw Om |''hotoqy EL Core   D®scrlptlon3 lnt®rpr.totions

'®1®'e,'ct'®,'cO,'cO,--
Unit  3..   <'97.   ''-, Mound   Voll®yLimeeton®.F®Oth.r®dg.ofLadoro

i
11 <60.3  in
I          _          .I                        I Colcllu\ll.   with   obundanl   smollIll brochiopod.  crino.Id  and  fossild.brls.Abruptlow.rcont.
IllIll

unit   2:   198.   9"   lo   197.11.-IIll 60.6  to  60.J  in

2
Sligh\ly  silty  shol.   with Shale.B®thony   FollsLimeston..obundont  9moll  sh.II  debris,
incroaging   upwards.  Abrupt
low.r  conloct.

unit   1..   >    198.   9.

7

11 >60.6  in
Oolitic   limestone.

I.I         -I

11
I        -I        '         I

[1

L| LL



Cor.:  K.G.S.   Loflin                   lnt.rvol..   .71.   3-lo   167.   6..   52.I   to   51.2   in

unkNuddr Oar utholtry Sfa Core   D®9criptions Interpretations

'cO.lco'`tr'cO,'col'„,'70.

unit  5..  <\68'  r

Mound   Vo'I®y

<52.i  in
Arg.   tim.stone  grading  up   into
¢olcilutite.  Abundant   sh.Il

5
-I-I- debris.   6rod.   low.r  contact. ''`m®stono.LadoreShol..B.thonyFclllsI-I-I unit  +..   168.   5.   to   168;  3-I-I-

51.4 -to  52.3  in
4 1=-I Cal¢aroous -,.. silly  ehal..

Incr.a.sing.ly. eat?9rapiJ.s   u.pvyords

i

occas.Ionbl  brochiopods  and
fine  sh.II  d.bris.   6rodotionol

lower  contact.

unit  3:   Ilo.  6-   to   168.  5-
5'.9  to  5'.+  in

Silly  shale.   o¢cosionol   brown
ho'os.
Shofp  low.r  ¢onto¢t.

unit  2:   170.   9-   to   170.   5-
52.I   to  52.9  in

Silty   shol®.   obundonl   bivolv®
frogmenls.
Abrup\  lower  conto¢l.

unit   I:   >'70.  9----•.- -.- >52.I   in

7
1[ Colcilutit..   fossils   rare. 'im®ston®.

I        '         I        .I

11

Ill - - -



-
Core:   K.G.S.   Caddy                Interval:  304'   to   319..   94.3   to   97.I    in

un`rtNumber Offiih Lithology i=moptpL.n Core   Descriptions Interpretations

'0

SOS."`J'O.-31Z.3'+,J'6,3'8,

G  SOT,3.,`G300.II-aJ'J.6.CJ,,.2.aJ'S.,.

unit  .0=  30+.  8-+ .  ...3+  in
Wound  Voll.y

]1

]1'

9

J _ _I_ lJm...o.i..  brochtopod.  c®mmon`---i- Sharp  lo-.r  an.och 'Im®,ton®,Lodor.Shal®.
unit  9..  Jog.  10.  to  J01'  8-  94.t  to  94.J  in

±=-__ sii`6i::. drs66.rdrioI  `5i,rfs:ii.  -Oril i;i.h6wiiridiividr.
or  ¢olcor.ou.  .nL  Incr.a.Ingly  6oseM(.rou.

Itl'] #:ird%„errce#ti.. odd boo®oon. p~sont.11111•=-T` unl.  8:  3I0.  2-   `o  309.   10-.   95.I   to  9+..  in
n`ln  colcar.nn..  .om.  mud  ml.a  burro-..

3=-=-_
Sharp  lo"r  conloe..
unit   7=   312.  a.   `o  310.   2-.   95.0  `o  95.\   in

8 ----- Shot.,  occa.Ionol  burro*.  nll.a  -i.h  .utl.  Holo. Nun.row.  marin.I          I.        I          I          I

7

common.  ^bnxplty  .r®doutonol  Io-or  contact. horizon.  prunnL8..bonyFallg''m®ston®.

3=-=-- unil   6..   316.   .a.-to  312.  a..   96`6  lo   95.1   in
Shot.  ....h  o¢ca.ionol  .nto`on.  1r``.rlomlno`Iori..
fir.all.nl  bum`ap  enl.a ` "  coloopou.  .Inl.
^br`Ip`ly  g®dedonol  to\r.r  eonloel.

65

- unll  5.`  316.  7.  to  3...   I-.  .5.7  .o  96.6  in
SIIts`on.  and  .I`ol.  in`.rlomlnolton..  .om.
-llh  cro..-b.a.  and  inlr.e®lton.  .urlo®...- Occa.ionol  burrom.  ^brupl  to-.r  eontoch

i:-:-E untt  .:  3.6.  ld.  `o  316.  i.  96.6  lo  96.7  in-E*:iLri`driion;hth5ininodtoh;-i..kh`-thi-n`.Shdi;

.ds_-`. b.de.  berupl  tomr  contoct`
.,,. unlt  3=  3.8.  +   `®  316.   .0-.   97.0  lo  95.7  in

=3---_- CJ'5,,., Gr.y  chol..  .rn®II  br®chlopod.  ®`  boso.
b.ddlng  ob..n`.  ^brupl  lo-.r  conto¢l.

C  J'6.,-
unil  2:  318.  6-  to  318.  r.  97..   .o  97.0  in

4 111'1 C J'6'r Fo"n\..rou.  eoleor.ou.  .hal..  ^brold.a  .h.IIa.brl.andlorg.plon.{rogm.n`.¢ommon`

i 6 J'7.J. Aerup(  /owr  cantoc(.- unit   ...   <318.  6..   <91.I   in

2 LF_Tp
-Li*.;ton; `6rochbjg* `®rid  .h.II  d.bri.

common.   Shard.  upp~  conloct.' ]1



Core:   K.G.S.   OIaon                 lntorvol:   373.   lo   358..1l3.6   to   109.I   in

UutNutw Din unotoey EL Core   De9criptions lntorpr®tations

5
Jarse,J,,,  .JcOJro,J72,

'Lr= unit  5:  36+.   6-   to  348.   6-

Bottom  of

Ill.I   to   106.2  in
P- -P--.--•_III__ `Eiii Micaceou.s' sit;ol{  d6lirih-dahi

Pnrc%hoj:,#Sup°wnodrdg:anFt.wdebn.S
nodul®s  and  halos   present.
Grodationol  low.r  cbntocl.

Un/.I  4;  J6g'  6-   to  J64.  6J.
112.6   to    1`11.I    in`  I_-_ Silty  shol.,   sl.nghtly  colcaroous.

- -- -  . rare   small..s bractd®pods_.`-P-=T-. nodulosr  oboro  368.`   6:.
Abrupt  tower  contact.

4

-
-_5± unit  3:  `369.   10-   to  369.   6.

Co/coroo!j2;Zo|9.  'sL26S  in
Ladore   shale.ThinB.thany`EIji. bro¢hiopods  abundant.

scott.rod  crinoid  debris
no  laminotl.ons.   Sharp   low.   con

TT__i unit  2..   371.  4-   to  369.   10-
113.2   to   112.7   in

+_-|J Calcilutit®.   bFrochipods   common. Folls  II.in.stoneHushpuckneysha'®.
upper  contact  abrupt.

2 I        '        I-I Shclrp   tower  ¢onlo¢t.
]1 unit  ':  >37''  I

][1

7 =±_
>1'3.2   in

Colcar.ous  shol..  fossil
frogm.nts  common.Eiliiliill

__



-
Core:  K.G.S.   OIson                 lnt.rval:  358.   .a   3+3'.   109.I   to   104.5   in

-

unNuntr Oar LRAO'Oqy aen Core   D.8criptionS lnt.rpr®tcitiong

7
J,,,"\".:sOesz,JJ,,35q

-|?-_i_•.+rty
unit   7:   346.   6-   to  340'   6.--.-H.-I .- 106.3   to   103.8   in
Sill-shat.   I.nteriomincltions.
Small  blvalv..  oonc.ntratod  in
lay.rs,  occasional  Iorg.  plan.

6 =Ej- fragm.nls,  nodul.s  aha
burrowg.   Gradationol   Iovy.r

_i_-_ contact.

Unit  6..   348.   6.   `o  346.   6-

5

=:ii- 106.2  to   106.3
Shale.  non-calcor.ou8.
Abundant  burrows  and   small
cal¢airoous   lominalions.   Plant

TJ. fragments  obundont.

-+-P--, Grodational  Iovl.r  conto¢t.ur\it5:36..6.to348. 6-

111.I    to   106.2   in
Shal..   sllghl\y  colcar.ous.

-P- Brochiopods  rare.  abe.n`  aft.r

i52:)'ao#u.ndp:ant.`sfcra#tE#dts
noduI®s   and   holos.

i}=E Cradotional   lower  contact.



Core:  K.G.S.   OIson                   lntorvol: 343.   to   328'.10+.5   to   99.9   in

uvutNudr Om utholoor ?coTh Cor.  Descriptions lnt.rpr®totion.

9 JcO,so,+JJ,,-".JJ®,ro,u2,

-, -`.P+-

uni`   9..   332'  0-   tb  327.   0"

--P----`
I-P--_F=--- 101.2   to   99.7   in

6roy   shol.  `wlth   {hln   sl.It'-t - - _-P-- tnt.rlamlnolions  and  fla®.r
^

8

. calcar®ou

:ao'#rms.o:r9G.#atQtothi:r].,goM:rnt9
contact..i(.``                +```1'`=1

---_ unit  8:3.40'. 6"   to  3:32.  0---- 1b3.8  to   101.2   in
Shale,   obundan`  calcar®ou9
I.ns.9.   Iominotions  and  brown
Zp°r€::htLab#o.wP'3%8..fragm.nts

`_-I-_-`-_-F_ Gradatlonal  low.r  contact.

7.

--,-..i_----.--,-

11 --



-
Core:  K.G.S.   OIson                  ln\ervol:  328.   lo   SIS..   99.9   to   95.4   in

UutNvrntw Din Ll`holoov EL Core   Dcscriptlon9 lnt®rpr®totion9

J',,S'8.J'®,3sO.,S2Z.S2,.`,2®,
0 ,'3ra,I,'J'aJ',ti unit   12..   318.   0-   to   SIS.   3.

Laminations

72

di=.,--,-, 97.I   to   95.5   in
fin.  sandstone/8iltslon.  and+.•-. 8hol.  int.rlamlnatlons.   Sand- may   be   flas®r
9ton®  I.ns.e  may  me  sov.ral bods.   climbing

'  =r. .-` I... inch.s  `hick  and  have  cross- rippl.9   0rI_L b.ds,  calcor.oug.  Shal.  b.dsi 9tarv.d   rippl.9Poli9h®dor®os
...± _ `+'=L:|¥ ore  mica  rich,  non~calcar®ous.

Abrupt  low.r  conta¢l.

Unl.111:   525.   a-to   318'   6-

77

111]1 99.1   to   97.I   in-P-- .  Grey  shal®,   Iorg.   plan.
fragmentg  common.   Polishod may  b.  pods--P- surfaces  and  thln  carbonat® or  caused  by

lay.rs  common.   Browp  zones dri,ling.Brown mottlinandlane.plantfrogm.n
+P-- Pcra.r9b.onnt5t®BT:nh::P°6drasd:'n,bf%r.r

I-I   I   I contact.L----`..
==-r`

Unit   10:   327.  0'   to   325.   0.
99.7  to  99.I   in

•- Cr®y  shol6.   Iclrg.   plant   d.brig

;::E:in:?ion.coo:n:,:'':s':ig?oo,'nnai;70 -
brown   mottl.d   zon.  mix.dwithunoltor®dshol.layers. may   mark®XPO9ur®surfoc®.

--+_
9

`.i`..i=    .i 6rodational   lower   conloct.

-



Core:  K.G.S.   OIson                   lntervol:    515.   to   SOB..   96.6   to   93.9   in

unitNvmtw Dr"r |ithology #%* Core   Descriptions lnterpretotions

306`-Joe,J'O.,,2.J',.

-e± Unit   15:   SID.   0-   {o   292'   6- Mound   Volley
9+.5   to  89.2   in limestone.

Fossil   rich   limestone.
Abrupt   lower  contoc:t.

un/.I    i4..   JIO.   6-    to   JIO.   a-

75

H| -9+.6   to   94.5   inFossiliferb-UST..Vco`IEor-e-du-s''Shale.
I;Ill-I Broch.Iopods.   crl.noid   rrogmen{sE±I and   bryozoans  common.I Increasingly   colcoroous
11 upwards.   Grad. ` low.r

11-I conlac'.
11

7.3

1=-=+ un,.t   'J..   J'J,   to   i,O.   6-
95.S  to  94.6  in•. `1'. ii= . .+.  :

Grey   shale,   colcoreous   siltslone
lclminations   and   halos   common
Occosionol   cross~lominot.Ion
in   siltstone   beds.   Grad.   lower

contocl.

- I-  -  JIII-



-

Core..  O.G.S.   Hc]rd.In                  lntervo|:   211'   to   196'.   59.7   to   64.0   in

unttNundr Dan ljtholoqy EL Core  Descriptions Interpretations

2

'9®.200:20220+,.20e,20e'2'0.- ---
unit  2:   190.  Or   to  203.   io'

Lowest   Lodore57.9  to   62.I   in
Silly   shole.   Occasional shale.Bethony  Folls
nodules.   rare. '.silt   lomino{ions
clnd   brachiopbds  I.n   lower  port
of   un,`t.
Grodotional   lower  contact.)Unl-t1..<203'10.

7

=1-+  .I-t+-+--I=
<   62.I   in limestone.t+- Crinoidol  org.   limestone

grading  downwards  into!E==l calcoreous  shole._I_T

±±±±

iiii



Core:  0.G.S.   Hordin                |ntorva|..  \81'  to   168..   55.2.to  59.7  in

unNundr Oar LJtholoov EL Core   Descriptions Interpretations

i
'ar'",lee,-'ar'Or'®2.'„,

`E=`-=`_=f+i
unit   3:   179.   6-   to   190.   Or_-- 54.7  to  57.9  in

S#'t#ri=hm°i'neat#:tnhs.Sgtesct%oes,.ngin-=.
abundance  downwards.

--.- Starved  rippl®s.  flasers.  load
9`ructures.  common.  decroosl-ng-- downwards.   Burrows  incr®osing

i=:-
downwards.  6rodotional  lower
contact.              \

--_-Z:=±-iE=i- .

2

i€I_JT==-_T-•5----3

- F=rl r_ I   r.I  r-



- -
Core: O.G.S.   Hondin               lntorval:   168.   lo   183..   51.2   to   55.2   in

unNurrtw Oath Ll'ho'Ooy EL Core   Descriptions Int®rpr®totions

4

I'7Z,'1,,',a,'7®,leo.'a2,

:..i.`..i..`...`;.t==;`:`.Ill--..t,,...I,,.•....•\,,.....+....-..

Ho   'cO',Hk,,|'rf, unit   I:   167.   8.   lo   179.   6-
51.I   to   5+.7   in

Siltston®   and   shol®.`',,      '-`.     \    I.\`....
interlominotions.   starved

•.  `. .     -. .. .        .. .`.`. rippl.s  and  floe.r  b.d.  Silt-',--, , tenses  show  cross-bedding...i£     .```.\...,-..
Thickness   o{   sil{  I.ns®s

•.  `   :T`:,. decroas.s  downwards.  Abrupl.i-•±..`....,:.i•.±foI-.'.i..Lil:,,-``,`.+..il`..i.,,\.<..:I......I-i.:I....•.`+`+.-`....TL.;- Iowor   contact.,        I   "     ,i     ,    -`'...I

-'         -`                         '           :--.i-,-`.       `     `..:.,1`

i
I  i I..-•.i.-_=`-.1--_-



Cor.:  O.G.S.   Hordin               tnt.rvol:  153.   to   168..   +6.6  \o   51.2   in

unltNunb* Dan Ll'holoqy iEL Cor.  Descriptions Int.rpr®tationg

9
'S,,lco,,'cO,

',-,•.p..`'.CS-

ho  '85,,\

unit  ...  i53.  r  lo  is3.  i¢

chonn. Iap drfu.

«.e  to  ,a, in

8

•PL=.+..`•-..ftyT..
S®ridcton:  mfro- beddln®
^buridenl  Ions.  plonl  fro®m.I.to
Iilodul-  In¢~al.hg  ®omcord.

h  'eer,,.J''H®'eJtr Shop  tour eenl®&              `           ' i-,.-,o.-.`rr.P
unn  ...  I'ti.  ia-  to  l`'5`..;.r..   '~*`

«®`to " in.  ``....-.. Sond.l®h.  .nd=.hol.  thhorioiri\     '. .i*.. +rim ` inq.I.n` ere-b.dth¢
in..r . b.d[ oto.rooorul.q.. :

p-    -   `.I......` be*  rar` .,Pkl®l ^ 8`nan`qu,
roe-Shoo.b"  confoct  -\`   ,

7

:..`..-::`....'..:`..:
uhn  7..  isar,r  i®  .as.  ir`    `

'cO,'ca,'cO,'CC,, cOJl.+to.cO.  in
`->     `         `.`           .~`.`.:..`.I-...,..: uo-^~ b.a..a ,.®ndfron.

i\r"  oe¢o.Ionol  ndi.r .b.d.
•',...,..\-...`--.,^..,, -on.  thh  .hot.  I®mln.8on.  h
•.i..        .`I.'.   ` upp.r  un.it <N®dl\l..  e®mmon. h  bin

S?....`..:..;.....``:`....•`t..I....`-`......•<..,....`d:..

Sha® k~ ontoc.
unn  6:   .es.  .a  to   i.7-.  a-

•    cO..  to  50..  in
Shol.  iloith  lhl.nomhctlo"
ot  ch.ulon.  ®nd  .®ndrfon..
Lwhul®r  .and  b.de  ch®u
ore..  I®mln®ton  .nd  tor`~®

•es: . . :: ... rippl...  \Iloo  obunchnl  ln
ehalL  Shop  too.r  contoot

6
`-

uinn  5:  I.7.  .a.  .®  i79.  rTT- cO.,  to  S'.'  in
Sondalon.  wllh  .nor  choh

5 -_rift Ihi.de.a-  Shok\  d.eno.Ing
®o.in..ed  Shoo  tomr  canto

--



-

Cor.:  0.C.S.   Hordin              tnt.rval:  138'  to   158'.   42.I   to   +6.6  in

Un^Nudr Dan utholoov Saen Car.   D®9crlptlon9 lnt.rpretotions

74 'cO,I,2,-•'„,'„,IOn.,'cO,'52.

w '„',

unit   '+..   '+'.  gr+
Gal.sburgW.2+  in

Shot..  Ihinly  bedd.d  nodul.. sho'o.Mound   Valley
common.  Crnd.   low.r  ¢ontocl.

-_a--- unit   13:   I.I.  8.   to   I.2.   10.
.2  'o  H.5  in 'imeston®.TopofLodor®shol®.

Arg.   Ilm.eton..   Crl.notd  and

7J I-I brochlopod  d.bri.  common.=i± Nodul..  pr...nl. ^br.  low.r  con.

72
'=FT-=E

unit   12:   1.2.   .0.-   to   143.  5.
q.5  to  <J.7  intnt.rlomlnot.asilt.ton.and

77

•   .` `.:`.   ;i.`...-.```.`..

9hal..   Slngl.. ` orid. conunuous
•';`.'`.rs•`=-:...H.. #oedmin:S::.#ur:!penT..
....-.:        .``.` H '",''`, tragm.nt.  ¢orrrmon\ .Shorp  low.r` ..:..'. .'X,,.•i,.,... M  '„'0.H®'q'Jjho'se.''- Contact.     .'  „    '~J`r    :,j3

unli   ii..   \ap'  S   to^ +*7.  or

70

fi±.....:. f7n..onfi6Z.t°wi.#.froqmu®nt
:P   .    `    .. {Iasor  b.ds.  incr.a.Ing  down.` `. `-. + , .

H.rringbon. .oroso-b.de

`;.±±,i. pr.s.nt.  Sharp  lowchr  ¢ontacl.
unit   10..1es.  5-lo`152.  5.•. ..`:.JJJ;.`..#i.
sondston®`#o|`.°t#65S_|mm..
conlolnlng  mullldlr.cllonol
¢ro..  Iorhlnollon..   Slorved
rippl..  and  .moll  plonl

9
`.I...-:......i..•`.\`.. common.   Grodollonol  low.r

contact.
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APPENDIX 8:
..    POINTCOUNTDATA

I
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a;a,a;. Hardln:::::::i I
I

I
Hal 45'6"       |Hal45' 11"s          II Ha146'0"          ,Ha 148' 5"s

:  :.:.:.:.:.a    ...:.:..-: I
Monocryst. Quartz 112 44.8 133 53.2    I     126     i 50.4 1631 65.2
Polycryst. Quartz 6 2.4      i         6        I 2.4 52 31.2

Orthoclase                           (      14 5.6 9 3.6      i         4        i       1.6      I        17       `       6.8

Plagioclase 1         i      0.4 6 2.4     i       3 1.2 5 2
M uscovite                           , 11 4.4 11 4.4 10 4123 9.2
Biotite TRIO 2 0.8 1 0.4; 1 0.4
Chert 4 1.6 4         I       1.6 0 0 3 1.2

Calcite cement                 i 37 14.8 33 13.2 59     i    23.6 2 0.8
Pyrit e                                     , 0 0 1 0.4 0 0 0 0
Iron Oxide 1          i       0.4 1 0.4 0!0 41.6

Kaolinite 15 6 13 5.2            12 4.8 10      `14

Chlorite 20 8 7 2.8 2 0.8 11 4.4
lllite 0 0 2 0.8 111 4.4     i        0 0
Primary Porosity 10 0 2 0.8 2 0.8 1 0.4
Secondary Porosity 3 1.2 4 1.6 12 4.8 3 1.2

Metamorphie F}x. Frag. 6 2.4 2 0.8 3 1.2 0 0
Sedimentary Fir. Frag. 0 0 0 0 0 0 0 0
Siderite 10 0 0 0 0 10 1010

Microcline 1` .0.4 0 0 0 '0
0!0

Zircon 1 0.4, 2 0.8 TR 012 10.8

Tourmaline 0 0 0 0 0 01010

Garnet 0 0 2 0.8 010,0 0
Organics 12 4.8 10 4 0 0 2 '0.8
Box-work Fe oxide 0 0 0 0 0 0 0 10

Plutile TR 0 0
'0

TF] 0 0 0
Quartz Overgrowlhs TF] 0 0 0 0 0 010

Siltstone Frag. 6 '0
0 0 0 `0 0 0

Fossil Fragments 0 loo 0 0 0 0110

% Quartz 3i':§4 86.88 92.91 II 86.91
a/o Feldspars                          i   11.11 9.38 4.96 11.52

% Rock Fragments 6.94 3.75 2.13
II I       1.57      I

a/a Total I  100.00
loo.00 100.00 100.00
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I1
I

I

Ha   152'|iu Hal55'6"s   i Hal59'6"     I   Hal55'9"s

441

I
Moncoryst. Qua 47.2   1     101 4b.'4' i'i'd`  'l i'i`d    `i 44z                    11181

Polycryst. Qua z                   ,         3         ,      1.2      I         6        I 2.4     I        8 3.2 41.6

Orthoclase                             I       7       I     2.8    i 28 11.2 ill 4.4 15 6
Plagicofase                         i       3 1.2 6 2.4 10' 4 7       i     2.8
Muscovite 123 9.2 13 5.2 6 2.4 20 8
Biotite 10! 0 0 0 0 0 2 0.8
Chert !4 1.6 5 2 4 1.6

•5 2
Calcite Cement i       24      i     9.6 29 11.6 19' 7.6 0 0
Pyrite 101 0 5 2 10 4 Oio

Iron Oxide !010 10 4                  0        i         01 5`2

Kaolinite I        19        i      7.6 7 2.8 191 7.6     i       6 2.4
Chlorite I         7         I      2.8 4 1.6 5 214 1.6

lllite I-51 2 0 0 01 015 2
Primary Porosity                 -i-3         - 1.2 0 0- 10 4 0 0
Secondary Porosity                  7. -2.8 7 2.8 36 14.4 0 0
Metamorphie F]x.  Frag.       -, .-3.- --- i-.2  - 7 2.8 2 0.8 1 0.4
Sedimentary Px.Frag.      .    :-0--,-.

JO
0 0 0 0 55 22

Siderite 0.-- I-   -,'  0

`0
0 0 0 0 0

Micrcx}line 0.
-0- -0 0 0 0 0 0

Zircon 0 f-0
-.0 0 0 0 1 0.4

Tourmaline 0       L`-.0 0. 0 0 0 0 0
Garnet 0LO, 0 0,0 0 10 0
Organics 15 6 22 8.8 0 0 6 2.4
Box-work Fe oxide0 010 0 0 0 0 0
Butile 0 0 0 0 0 0 0 0
Quartz Overgrowths         I       0 0 0 0- 0 0 0 0
Siltstone Frag. 19 3.6 \0 0

'0
0 010

Fossil Fragments10
`,0. 0 0 0 10 0!0

% Quartz I  87.68 .             ,,I       - 69.93
`5`i`''.'3`5'

57.87  I
o/o Feldspars

I     7.25 i
22.22 I   14.48

11.171

o/o Hock Fragments           i    5.07 .I.'

I    7.84 I                    14.14 30.96
a/oTotal

1100.00J      -.      . 100.00 100.00 100.00 I



126

I

I

I     Hal63'0"              Hal65'9" Hal 69'8"       I Ha  171'  0"  s

'wi'6`h

deryst:..''aina.ft`z' idl 52`.'4' i``1`8 4'7'.`2 15i 52':4 il7
'46.6`

Polycryst. Quartz 9 3.6 5 2 7 2.8 4 1.6

Orthcolase 20, 8 19 7.6 13 5.2 21 8.4
Plagicolase                          t      8      i    3.2 5 2 6 2.4 5'12

Muscovite 8 3.2 9 3.6 14 5.6 23 9.2
Biotite 010 2 0.8 1 0.4 5 2
Chert 6,2.4 4 1.6 5 213 1.2

Calcite Cement 17' 6.8 26 10.4 19 7.6     i       9 3.6
Pyrite 0 0 0 0 0 0 0 0
Ironoxide                           i      0 0 21 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
llme                                                           I          1

'0.4
3 1.2 2 0.8 2 0.8

Primary porosity               i      8 3.2 4 1.6 3 1.2 010

Secondary Porosity 126 10.4 26 10.4 14 5.6 010

Metamorphie Rx. Frag. 8 3.2 3 1.2
'3

1.2 3 1.2

Sedimentary Fir. 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 0.4 TR 0 3 1.2

Tourmaline 1 0.4 TF] 0 0 0 0!0

Garnet 0 0 0 0 0 0 010

Organics                                 I       1 0.4 1 0.4 0 0 I        17       I      6.8

Box-work Fe oxide 0 0 0 0 0 0 010

Plutile 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 0 010

Fossil Fragments 0)0 0 0 0 •0
010

% Quartz 76.50 79.87 de'.'64 7§:`6'6
o/o Feldspars 15.30 15.58 11.52 16.99
% Rock Fragments 8.20 4.55 4.85

I    3.92

O/oTctal '100.00    ,
100.00 1.00.00 100.00



I
t{:`:fi: § ilne:::::...

0 313' 8" 0 317' 3" 0 318' 9" Ki
''

::::::::::::tz   ..::::::::: :.::..::.::::fi   ..::::::::: •1

wi8hderyst:.'dirari2. i21'''   I 48.4 lot 4`6`.'4`'`'1 72    ``1 28:'8 94 3'7.6'
Polycryst. Quartz 0'0 0 0 1         i       0.4      i         0 '0

O rt hoe lase                          t 4 1.6 2 0.8 3' 1.2 1 10.4
Plagicolase 4 1.6 2 0.8 3 1.2 1 io.4
Muscovite 7 2.8 20 8 4 1.6 72 I    28.8
Biotite                                         i,       3 1.2 0 0 0 010 10

Chert                                         I 0 0 0 0 0 0 0 10

Calcite Cement 76 30.4 109 43.6 56 22.4 39 i     15.6
Pyrite                                       i 4 1.6 0 0 0 Oil 10.4

Iron Oxide 0 0, 0 0 0 0 2 10.8

Kaolinite 6 2.4 12 4.8 61' 24.4 28 I      11.2

Chlorite 2 0.8 2 0.8 3 1.2 I           1           I        0.4

IIIite .0- -0 0 0 0 0 010

Primary Porosity -  0  --  - -0 0 0 0 0 0 10

Secondary Porosity ..'    0-r.
:.--0-- 0 -0 0 0 0 10

Metamorphie Px. Frag. --.i -0 -  - `.:--    0
0

`0-

0 0 0 10

Sedimentary Pix.  Frag. . `-~0- i-¢ 0 0 0 0 0 10

Siderite •-0-
I-©---

0 0- 0 0 3 1.2

Mierocline 0-
'1'.      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 10

Organics 3 1.2 1 0.4 1 0.4      1        6 12.4

Box-work Fe oxide 0 0 0 0 0 0,0!0
Plutile 0 0 0 0 Oiolo)0

Quartz Overgrowths 0 0 0 0 0 io 0 10

Siltstone Frag. 0_ !0- 0 0 0 0 0'0
Foesil Fragments •      20.18~ `TR 0 46 i     18.4 2        I      0.8

6;;`'d`ria'ri'i 1...93.8o

`-'`'`-`+i''``-`'gr

F96.19 92.41
'§7'.9

2(`

% Feldspars •'    6.20 •'73.81 7.59
'    2.08

I

a/o F]cok`Fragments     .
i ` . 0.00

`  '_0.00 •0:00 0.00    i

% Total          _ `1QOI loo 100 100
I
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a.3i.4'.2.;            I.....6.515'4"           i    G315' 4"s
:..:;::.i:::"irirfu:.;:;,;:;.;:;

•-                                       ,-'                                        .. .-I

Monocryst. Quartz 101 40.4 112 44.8 114 45.6
Polycryst. Quartz             i       o Oil 0.4 7       i     2.8

O rt hoc lase                         I 2 0.8 3 1.2 15!6

Plagiocfase 2 0.8 3 1.2 2 0.8
Muscovite 22 8.8 28 11.2 22 8.8
Biotite 010 1 0.4` 5 2
Chert 0 0 0 0 0 0
Calcite Cement 106 42.4 88 35.2 63 25.2
Pyrite 0 0 0 0 1 0.4
Iron Oxide 0 0 0 0 0 0
Kaolinite 12 4.8 10 4 12' 4.8
Chlorite 2 0.8 3, 1.2 4! 1.6

lllite 0 0 --0 0 0 0
Primary Porosity 0 0- 0 0 0 0
Secondary Porosity 0 --0 `0 0 0 0
MetaiTrorphie F]x.  Flag. 0 --    -0   - ---0 0 0 o
Sedimentary F]x.` Frog. 0- •0 -0 0 0 0
Siderite 0.

`0-
0 •0 0 0

Micrcx}Iine -0 0 .0 0 0 0
Zircon 1 0.4 -0 0 0 0
Tourmaline 0 0 0 0 0 0
Garnet 0 0 0 0 0 0
Organics 1 0.4. 1 0.4 1512

Box-work Fe oxide 0 10 0,0 0 0
Plutile 0 0 0 0 0 0
Quartz Overgrowlhs 0' 0 0 0 !0(0

Siltstone Frag. 0 0 `0 0 0 0
Fossil Fragments             I  i    1 0.4 •-.010         i          0                    0

I
o/oQuartz •    96.19 94.96 87.68
a/o Feldspars `  3.81

5.04 12.32
% flock Fragments 0.00 I     0.00 0.00
a/oTotal 100.00 100.00 100.00
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I

11

G316'4"            1 G316'8"           ,     G317'3"s      I

Mtnerat # •,3i'`' #. 2f# e(
Monocryst. Quartz 70           28     I      88 35.2    I      63      \    25.2
Polycryst. Quartz 0 010 0                1              0.4
Orthoclase                                   I        1        i     0.4 3 1.2 4 1.6

P lag ice lase                               I 2 0.8 3 1.2 1,I,       0.4

Muscovite                                      I      11 4.4 2 0.8     I      38 15.2

Biotite i     0.4 0, 0, 3 1.2

chert                                          I 0 0 010           I            1 0.4
Calcite Cement 141 56.4 138 55.2 110- 44
Pyrite 2 0.8 0 0 1 0.4
Iron Oxide 0 0 1 0.4 3          1        1.2

Kaolinite 4 1.6 •0 017 2.8
Chlorite 5 2 9 3.6 1 0.4
•lllite                                         .-.      ,=~,,-``          i          0          i          0

A__0               ' 0 0'0
Primaryporosit\y    .      `_-.:     ~ --`_   0 0- -0 0 0 0
Secondary Perosfty~ ± `-0 0 0 0- 0 0
Metanerphic,F}x,trad I__a 0 0 0 1 0.4
Sedimentary Fir.-F*ad - •-0- 0 0 0 !0 0
Siderite •     LO    ,` ._0 0 0 0 0
Micrcoline                        i 0 •_0 .0 -0 0 0
Zi rcon                            ,, IR 0 t 0.4     i       0               0
Tourmaline 0

'0
0 0 010

Garnct 0 10 0 0
'0

0
Organics !5

'2
0 0        I       ,6 6.4

Box-work Fe oxide .0 0 0 010 0
Rutile `0 0 0 0 0 0
Quartz Overgrowlhs 0 0 0 0 0 0

-,      0         ir      o         10         i          0          i          0101'"
Fossil Fragments 8 3.2 5 210 10

a/a Quartz       .  ', -95.89 1 §``3:`6'2 9o.14
%-Feldspars ..   `---          -       -` 1̀'    4.11    - 6.38 7.04
o/p Rock Frab`ments        -     ., -r--.a..cO 0.00 -  2.82

a/oTotal      -`.,.,-.---,-`        .I.1 cO,.cO 100.00 .100.00
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Lower doff+wi-`18;;:86cti6ri!;;;;:;:;;i;;i
i

LCS  8.0 LCS   14.5s LCS   14.9     I     LCS   15.0
t :::;:::,..:.#.:.:::::::::; :;::::..:       &,::::;,;,--

•wi.6.hderyst.'..dria'hz       ...i
i'4`6``'1`''`5§':6 i'§3 55.2 173 69.2 151    i    6o.4

Polycryst. Quartz 6! 2.4 0 0 5 2 4 1.6

Orthcofase 5, 2110 4 1 0.4 6 2.4
Pfagioclase                         i     1 0.4 1 0.4 0 0 3       I      1.2

Muscovite 18 7.2 31 12.4 2 0.8 10 4
Biotite 2 0.8 6 2.4 1 0.4 0 0
Chert 1 0.4 0 0 0 0 2 0.8
Caleite 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 15.2 18 7.2 16 6.4
lllite 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
_     0.4   .

15 6 12 4.8
Metamorphie Px. Frag. 0 0 1_ 0.4 3 1.2 9 3.6
Sedimentary Px. Frag. 0 0 0_ 0 0 0 0 0
Siderite 0 0 -0 0 0 0 0 0
Miercoline 1 0.4 0 0 0 0 0 0
Zircon 0 0 TT  .T   1 0.4 0 0 1 0.4
Toumaline 0 0 0 0 0 0 1 0.4
Garnet 1 0.4 0 0 0 0 0 0
Organics 1 0.4 0 0 0 0 1 0.4
Box-work Fe oxide 0 0 0 0 0 0 0 0
Rutile 0 TF| 0 0 0 0 0 0
Quartz Overgrowlhs 0 TR 0 TF] 0 0 0 0
Siltstone Frag. 0 00 0 0 0 0 0
Fossil Fragments 0 00. 0 0 0 0 0

I i.,..•::S:::::::,::.:::::.:-:.i..:.:.,.:.:

% Quartz 95.be 92.00
`§7'.'6'6'

6'6`.`57
a/o Feldspars 4.29 7.33 0.55 5.14

% F]cok Fragments 0.61 0.67 1.65 6.29
% Total 100.0 100.0 1 cO.0 100.0
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•.--:,.*'::--

..ars®t*§::.i        €:;:;.

LCS16.0      , DM  1.0 PL   5.2

+++++++++++++```:`8§ '5`5`.'6
153 61.2 77     I   3o.8Monocystallin6 Quartz        I

Polycrystalline Quartz         I 9 3.6 1 0.4 1 0.4
O rt hco lase                            , 8        i     3.2 7 2.8 0 0
Plagioclase 2 0.8 2,0.8 0' 0
Muscovite 1 0.4, 32 12.8 12      I     4.8

Bictite 0 0 2 0.8 0 0
Chert 1 0.4 0 012 0.8
Calcite cement                    i 0 0 3 1.2 83 33.2
Pyrite                                              i        0       I       0 01 0 1 0.4
Iron Oxide 17' 6.8 0 0 5 2
Kaolinite 3         i      1.2 113 45.2   i      37 14.8
Chlorite 4         i      1.6 i 0.4 1014

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 Plx.  Frag. 3 1.2 0 0 0 0
Sedimentary Plx. Frag. 0 0 0 0 0 0
Siderite 0' 0 0 0 10 0
Micrcroline 1 0.4 0- 0 0 0
Zircon 0 0 0 0 1 0.4
Tourmaline ioio 0 0 0 0
Garnet                                          i       0       I       0 0 0 10 0
Organics 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           I      0 0 0 0 010

Siltstone Frag. 0 a 0 0 0 0
Fossil Fragments                 i      0 0

....     0      ...
010 0\

% Quartz
'S`+'53

89.66 97.b3
o/o Feldspars I     6.21

10.34 I    0.00
o/o Hock Fragments 2.26 0.00 2.17    I
O/o Total 100.0 100.0 1   100.0

1.31
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