Report No. KS-06-3
FINAL REPORT

SEQUENCE STRATIGRAPHY AND ENGINEERING
GEOLOGY OF LAWRENCE FORMATION (DOUGLAS
GROUP) IN NORTHEASTERN KANSAS

Allen W. Archer, Ph.D.
Christopher J. Hoglund
Kansas State University
Manhattan, Kansas

November 2007

KANSAS DEPARTMENT OF TRANSPORTATION

Division of Operations
Bureau of Materials and Research

_—""\._44

—
KANSAS

DEPARTMENT OF TRANSPORTATION




1 Report No. 2 Government Accession No. |3 Recipient Catalog No.
KS-06-3
4 Title and Subtitle 5 Report Date
Sequence Stratigraphy and Engineering Geology of Lawrence November 2007
Formation (Douglas Group) in Northeastern Kansas 6 Performing Organization
Code
7 Author(s) 8 Performing Organization
Allen W. Archer, Ph.D., and Christopher J. Hoglund Report No.
9 Performing Organization Name and Address 10 Work Unit No. (TRAIS)
Kansas State University
Department of Geology, 108 Thompson Hall 11 Contract or Grant No.
Manhattan, Kansas 66506-3201 C1518
12 Sponsoring Agency Name and Address 13 Type of Report and Period
Kansas Department of Transportation Covered
Bureau of Materials and Research Final Report
700 SW Harrison Street January 2005 — August 2006
Topeka, Kansas 66603-3754 14 Sponsoring Agency Code
RE-0396-01

15 Supplementary Notes
For more information write to address in block 9.

16 Abstract

Numerous cases of rock and slope instability in the Lawrence Formation (Virgilian Series,
Douglas Group) have been encountered in construction, excavation, and highway projects in
eastern Kansas (Archer, 1992). This formation consists of a thick interval of shales, mudstones,
sands, and local marine limestone (Joeckel, 1994). Because of its heterolithic nature, the factors
controlling rock/slope stability will vary throughout this formation. Furthermore, failures that occur
following project completion are extremely costly.

The principle objective of this report is to provide a detailed facies characterization of the
Lawrence Formation that identifies the sedimentological and depositional properties and their
corresponding durability’s. In order to identify potential areas that will be the most susceptible to
failure, the following tests were conducted: Slake Durability, Jar Slake Index, Chittick (CaCO3
content), water absorption, clay mineralogy (XRD), and petrographic thin sections.

This research will provide a better representation of the spatial distribution of the variability
and durability within and between this problematic formation. The results will be useful for both
engineers and contractors that encounter the Lawrence Formation in assessing the risk of
rock/slope instability for future project developments. This research will not only benefit future
project/construction costs, but it will also assist in protecting the safety of people and the
environment.

17 Key Words 18 Distribution Statement

Geology, Shale, Limestone, and Stabilization. No restrictions. This document is
available to the public through the
National Technical Information Service,
Springdfield, Virginia 22161

19 Security 20 Security 21 No. of pages 22 Price
Classification (of this Classification (of this 126
report) page) Unclassified

Unclassified

Form DOT F 1700.7 (8-72)




SEQUENCE STRATIGRAPHY AND ENGINEERING
GEOLOGY OF LAWRENCE FORMATION (DOUGLAS

GROUP) IN NORTHEASTERN KANSAS

Final Report

Prepared by
Allen W. Archer, Ph.D.

Assistant Professor of Geology
And

Christopher J. Hoglund
Graduate Student

Kansas State University

A Report on Research Sponsored By

THE KANSAS DEPARTMENT OF TRANSPORTATION
TOPEKA, KANSAS

November 2007

© Copyright 2007, Kansas Department of Transportation



NOTICE

The authors and the state of Kansas do not endorse products or manufacturers. Trade
and manufacturers names appear herein solely because they are considered essential
to the object of this report.

This information is available in alternative accessible formats. To obtain an alternative
format, contact the Office of Transportation Information, Kansas Department of
Transportation, 700 SW Harrison Street, Topeka, Kansas 66603-3754 or phone (785)
296-3585 (Voice) (TDD).

DISCLAIMER

The contents of this report reflect the views of the authors who are responsible for the
facts and accuracy of the data presented herein. The contents do not necessarily reflect
the views or the policies of the state of Kansas. This report does not constitute a
standard, specification or regulation.
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ABSTRACT

Numerous cases of rock and slope instability in the Lawrence Formation
(Virgilian Series, Douglas Group) have been encountered in construction, excavation,
and highway projects in eastern Kansas (Archer, 1992). This formation consists of a
thick interval of shales, mudstones, sands, and local marine limestone (Joeckel, 1994).
Because of its heterolithic nature, the factors controlling rock/slope stability will vary
throughout this formation. Furthermore, failures that occur following project completion
are extremely costly.

The principle objective of this report is to provide a detailed facies
characterization of the Lawrence Formation that identifies the sedimentological and
depositional properties and their corresponding durability’s. In order to identify potential
areas that will be the most susceptible to failure, the following tests were conducted:
Slake Durability, Jar Slake Index, Chittick (CaCO3; content), water absorption, clay
mineralogy (XRD), and petrographic thin sections.

This research will provide a better representation of the spatial distribution of the
variability and durability within and between this problematic formation. The results will
be useful for both engineers and contractors that encounter the Lawrence Formation in
assessing the risk of rock/slope instability for future project developments. This
research will not only benefit future project/construction costs, but it will also assist in

protecting the safety of people and the environment.



INTRODUCTION

The variability within and among the Lawrence Formation makes it problematic to
manage and leads to complex and expensive construction, excavation, and highway
projects. In collaboration with the Kansas Department of Transportation (KDOT), the
focus for this report is to create a detailed stratigraphic, depositional, and
sedimentological description of the Lawrence Formation, relative to its
mechanical/durability properties. This has been accomplished by analyzing six cores
received from the Kansas Department of Transportation (KDOT). KDOT obtained these
cores, for preliminary analysis, for the realignment of Highway 59 from Lawrence, KS,
south to Ottawa, KS (KDOT Project Number 59-23 K 7888-01). Currently, this stretch of
highway is one of the most dangerous in Kansas. Itis a hilly, narrow, two lane highway
that has a high traffic volume with many access points to side roads and residential
areas. The new highway will be a four lane divided highway that will run parallel to the
current Highway 59 and include limited access roads and on/off ramps. The area of
interest for this realignment project is located in eastern Kansas (Douglas County) near
the town of Pleasant Grove, approximately five miles south of Lawrence, KS (Fig. 1.1,
1.2). This research site was chosen because the projected highway realignment
involves excavating into a hillside (Pleasant Grove Hill) and creating road-cuts that will
expose approximately seventy-five feet (in height) of the problematic Lawrence

Formation.
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Figure 1.1 Location of Study Area

Douglas County, KS
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CHAPTER 1: BACKGROUND

Tetonic Setting

The deposition of the Figures 1.3, 1.4: Paleogeographic reconstructions
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collision and suturing of both

Laurussia (to the north) and Gondwanaland (to the south) induced the orogenies of the
Appalachian (eastern North America), Ouachita (Oklahoma and Arkansas), Marathon,
Ural (Russia), Variscan, Hercynian (United Kingdom), and the Ancestral Rockies (in

west-central North America). Other tectonic structures that influenced Kansas, besides



orogenies, were generated by mostly low amplitude vertical movements within the North
American craton.

In areas surrounding eastern Kansas, uplift and subsidence were occurring
simultaneously. While these uplifted regions provided sources of clasitc sediments,
they also generated areas of subsidence which promoted the development of
depositional basins. Related to surrounding structural controls within the study region,
the Lawrence Shale was deposited in the Forest City basin that extended from central
lowa, through southeastern Nebraska and northeastern Missouri, and into northeastern
Kansas. The Forest City Basin is structurally bounded by a variety of geomorphic
features. These structural features include (Fig. 1.5): the Canadian Shield and
Wisconsin Arch to the north, the Sioux Arch to the northwest, uplifted regions of the
failed Mid-Continent Rift (MCR) system from the north through the west (include the St.
Croix Horst, lowa Horst/Thurman-Redfield Structural Zone, and the Nemaha Ridge), the
Bourbon Arch and Ouachita Mountains to the south, the Ozark Dome to the southeast,

and the Mississippi River Arch to the east.



Sediment Sources and Structural Controls

The positive relief structures surrounding the Forest City basin generated major sources
of siliciclasitic sediments in northeastern Kansas. Through paleocurrent analyses
(Feldman and Archer, 1995), the dominant source of siliciclastic sediments was from
the northeast. North of Kansas there were large uplifts that exposed Precambrian
basement granites known as the Canadian Shield, in Minnesota, and the Wisconsin
Arch, in Wisconsin. Both granitic features provided a source of clastic sediment to
surrounding basins.

The Sioux Arch/Ridge extends from southeastern Minnesota into central South
Dakota and consists largely of quartzite. The quartzite was metamorphosed from
sandstone and claystone that were deposited in a shallow sea approximately 1.7 billion
years ago (Southwick, 1986).

The Mid-Continent Rift (MCR) system, also referred to as the Keweenawan Rift,
is a 1.1 billion year old failed rift (Anderson and McKay, 1989). The MCR extends
southwestward from eastern Lake Superior, across north-central to southwest lowa,
through eastern Kansas, and into central Oklahoma. The cessation of the MCR rifting
phase initiated uplift along most of its axis. As the rift became filled with mafic volcanic
rocks (basalts), this generated the mid-continent gravity anomaly (MGA). The uplifted
region within the MCR consists of the Nemaha Ridge in north-central Kansas, the lowa
Horst in central lowa, and the St. Croix Horst in Wisconsin (Runkel, 2002).

During the Carboniferous, southern Oklahoma was undergoing its greatest
period of mountain building. These orogenic events resulted in the Ouachita, Arbuckle,

and Wichita-Amarrillo mountains.



Figure 1.5: Tectonic Framework Surrounding Kansas during the Carboniferous.
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Geologic Setting

The Carboniferous is separated further into a Lower/Early Carboniferous and an
Upper/Late Carboniferous. In North America these subdivisions are known as the
Mississippian (354-353 million years ago) and the Pennsylvanian (323-290 million years
ago) systems. Most of the Early Paleozoic and into the Early Carboniferous
(Mississippian) was a period of expansive shallow epicontinental seas. Throughout this
time period, much of the mid-continent United States resulted in predominately thick
carbonate deposits. In North America, the Early Carboniferous (Mississippian) is
differentiated from the Late Carboniferous (Pennsylvanian) by an unconformity resulting
from the regression of the Kaskaskia epieric sea and the transgression of the Absaroka
epieric sea. This created a transition from the Early Carboniferous marine
environments, in eastern Kansas, to a geologic province consisting of alternating
siliciclastic (shale and sandstones), coal, and carbonate (limestone) strata in the Late
Carboniferous. These lithologic cycles of repetition, known as cyclothems, are a result
of both glacioeustatic fluctuations, due to Gondwanaland ice sheets, and regional
tectonic activity (Wanless and Weller, 1932). In 1932, cyclothems were originally
applied by Wanless and Weller to the lllinois Basin (Weller, 1964). Moore (1935)
continued extensive research in the lllinois Basin and later to the Mid-Continent where
he used the concept of megacyclothems. A megacyclothem, according to Heckel
(1977), are cyclic repetitions in depositional sequences which are defined as having the
outside parts of the cycles consisting of siliciclastic and coal-bearing material while most
marine material (limestones and black shales) are designated in the center of the

cycles. He interpreted the megacyclothem as the now widely accepted cyclothem model



for Kansas. The depositional environments of the Douglas Group interval, containing
the Lawrence Formation, consisted of fluvial, estuarine, and marine facies (Archer and

Feldman, 1995).



The coal-bearing layers,

Figure 1.6: Carboniferous Reconstruction

from which the Carboniferous is
named, are attributed to the vast
amounts of plant material provided
by wetlands (e.g., swamps,

marshes, and bogs) throughout

mid-western and eastern North
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the world. These stagnant and oxygen deficient wetlands accumulated plant debris with
limited decomposition. Periodically, the plant material provided by wetlands were
submerged by transgressive seas and buried by sand, clay, and other debris. Over
thousands and millions of years, the buried organic material (peat) is altered by
increased overburden pressure and temperature to form coal deposits. These coal
seams/beds are important stratigraphic markers that are indicative of terrestrial
environments. A paleogeographic reconstruction during the Paleozoic locates Kansas
near the equator (Fig. 1.5) where tropical and humid conditions prevailed (Archer and
Feldman, 1995). Figure 1.6 depicts what Kansas may have looked like during the
Carboniferous, where the main biomes were swamps and/or tropical rainforests.
Vegetation included a variety of ferns and large tree-like relatives of present-day
Lycopodium. There were many amphibians, as well as insects, spiders, and other

arthropods.



Stratigraphy

The Lawrence Shale is an interval within the Douglas Group that lies in the
Virgilian Series of the Upper Carboniferous period (Late Pennsylvanian System). Itis
important to discuss the stratigraphy of the overlying and underlying lithologies
surrounding the Lawrence Formation (Fig. 1.7). This can provide insight into
paleoenvironmental conditions and yield key stratigraphic markers used as depth
indicators during drilling. The stratigraphy within my study area (Fig. 1.7) includes the
Stanton Limestone (Lansing Group) in the Missourian Series and extends upward
through the top of the Oread Limestone (Shawnee Group) in the Virgilian Series.
Looking at the stratigraphic column in Figure 1.7, there are noticeable similarities and
differences within and between the formations. The Oread and Stanton Limestone
Formations are similar in that they comprise of the typical Kansas cyclothem with black
platy shale members (Eudora and Heebner) and thick, laterally extensive limestones
(Heckel, 1977). However, the Douglas Group (Lawrence Shale and Stanton Formation)
lack these thick, extensive limestones and black platy shales and primarily consist of
siliciclastic facies with locally deep incised valley-filled sandstones. Prominent marker
beds exist in the stratigraphic column and can be used to correlate and determine
relative stratigraphic position. These marker beds consist of the following: the black
fissile Heebner and Eudora Shale, the Upper/Lower Williamsburg Coal, the Ireland and
Tonganoxie Sandstone (however in some cases the Ireland may extend into the
Tonganoxie and may be hard to determine from one another), and the thick, laterally

extensive limestones within the Oread and Stanton Limestone Formations.



Figure 1.7: Generalized Stratigraphy of the Douglas Group and Surrounding
Lithologies
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As defined by O’Connor (1963), the Douglas Group is divided into two formations, the
Lawrence Shale and Stranger Formation, which include rocks that were formerly
assigned to the Pedee Group. The Lawrence Formation consists of a thick interval of
shales, mudstones, sands, and local marine limestone (Joeckel, 1994). Zeller (1968),
describes the formation as containing chiefly gray shale and sandstone, which weathers
yellowish-gray, minor amounts of red shale, coal (Williamsbrug coal bed), gray
limestone, and conglomerate. The Lawrence Formation, which ranges from 140 feet in
northern Kansas to 250 feet in southern Kansas (Zeller, 1968), is subdivided into four
members that extend from the base of the Haskell Limestone Member to the base of the
Toronto Limestone Member (Fig. 1.7). The Haskell Limestone and Robbins Shale
members were formerly included in the underlying Stranger Formation. Above the
discontinuous Amazonia Limestone Member, an unnamed shale unit (10 to 60 feet
thick) consists of gray, green, and red shale, and earthy limestone with minor amounts
of siltstone and sandstone and contains the Williamsburg coal bed from Douglas County
to Elk County (Zeller, 1968).

Stratigraphic Descriptions and Sampling

Stratigraphic descriptions and laboratory sampling, of the Lawrence Formation,
was conducted by analyzing six cores that have were provided by the Kansas
Department of Transportation (KDOT). All the cores were obtained using a truck
mounted wireline core drilling rig on Pleasant Grove Hill (just east of Pleasant Grove,
KS). Cores were hoisted to the surface, through drill rods, in five foot core tubes
attached to a wireline. Cores were then taken out of the inner core tube and placed in

sequential order in boxes for geological examination.
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Detailed measurements, of the various lithologic facies encountered within the
cores, were recorded (in feet) along with sedimentological descriptions. These
descriptions included: rock type, color (Munsell, 1994), texture, bedding, fractures, and
concretions. Using these detailed sedimentological core descriptions, the depositional
environments can be determined for the different microfacies. High resolution digital
pictures were taken of all the core boxes and materials sampled for testing. Detailed
stratigraphic columns and fence diagrams were generated using gINT Professional,
which is a software package used for geoenvironmental and/or geotechnical
engineering reports. This software allows data to be entered into a relational database
system that can generate borehole logs, well logs, fence diagrams, and geotechnical
lab testing reports. This software package was used to store and manipulate the data
gathered from the core descriptions and laboratory tests to generate graphical
representations of the Lawrence Shale using borehole logs and fence diagrams.

Borehole and test pit information with sampling schemes are given in Table 1.1
and 1.2. Figure 1.8 provides an aerial view of Pleasant Grove Hill with borehole
locations, while Figure 1.9 displays a profile of Pleasant Grove Hill with borehole
information. For testing analysis, representative samples were taken directly from the
cores based on lithologic changes within the Lawrence Shale. With these samples, the
following tests were conducted to assist in determining durability: slake durability, jar
slake, chittick (calcium carbonate content), X-ray diffraction (XRD), and petrographic

thin sections.
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Table 1.1: Borehole Information and Sampling Identification

Surface
Elevation | Completion Sample
Station Location (ft) Depth (ft) | Boxes | Cores ID
506+36, 200" | Top of Pleasant Grove Hill - Deep Hole
Rt CL 1 1083.5 88.2 8 24 DH1
506+36, 200" | Top of Pleasant Grove Hill - Deep Hole
Rt CL 2 1083.5 102.8 9 29 DH2
512+00 Northwest corner of soybean field 1082.5 72.5 6 18 SF1
524+25, 25' Back in timber on north face of
Lt CL Pleasant Grove Hill 1058 102.5 9 23 NFH1
526+30, 7' Rt Middle of Pleasant Grove Hill (north
CL face) 1024 62 5 14 MH1
531+50+25'
Rt CL Base of hill (north face) 940 36.5 3 7 BH1

Table 1.2: KDOT Test Pits for Slake Durability Sampling

Station Sample ID
528+84 CL P-1-3
530+06 CL P-2-1
530+06 CL P-2-3
530+06 CL P-2-5

527+80, 20 ft Lt CL P-3-2
527+80, 20 ft Lt CL P-3-4

12




Figure 1.8: Contoured Aerial View of Study Area Showing Projected Realignment and
Borehole Locations

Scale in feet + Borehole Locations
[ N BN 2 . 00000 | —— Current US-59
0 1000 2000

w= US-59 Proposed Realignment
B Water Bodies

Contour Interval: 10 feet

Boreholes |dentifications from south to north: DH1/DH2 (Sta. 506 + 36, 200' Rt CL)
SF1 (Sta. 512 + 00)
NFH1 (Sta. 524 + 25)
MH1 (Sta. 526 + 30)
BH1 (Sta. 531 +50)
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CHAPTER 2: MICROFACIES

Detailed measurements and sedimentological descriptions were recorded for all
of the cores received from KDOT. The data were input into gINT Professional to
generate graphical borehole logs (Appendix A) as well as identify the sample locations
with corresponding durability test results (slake durability, jar slake, and percent calcium
carbonate). The general stratigraphy of Pleasant Grove Hill is shown in Figure 2.1.

The tallest road-cut will be approximately seventy-four feet, in height, from
Station’s 524+25 to 518+250. At most, sixty-six feet (~ 89 %) of the exposure will
contain the Lawrence Shale at Station 524+25. Road-cuts containing only the
Lawrence Shale will be located on the north face of Pleasant Grove Hill at Station’s
524+500’ (66’ road-cut) to 530 (no road-cut created).

Based on the sedimentological core descriptions within the Lawrence Shale, ten
microfacies were defined using primary and secondary sedimentary structures. Based
upon an identification of microfacies, an interpretation can be determined regarding its
original depositional environment. The microfacies identified include: Churned Shale
(biorturbated), Shale, Clayshale, Coal, Paleosol, Carbonate-rich Shale (nodules),
Lenticular Shale, Silty/Sandy Shale, and Weathered Shale. A profile of Pleasant Grove
Hill with the locations of the microfacies is shown in Figure 2.2. Table 2.1 provides
approximate percentages of microfacies encountered during coring within Pleasant

Grove Hill.
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Table 2.1: Approximate Percentages of Lawrence Shale and Microfacies
within Pleasant Grove Hill (based on coring).

526+30; | 531+50,
Station 506+36, | 506+36, 524+25, 7' Rt 25' Rt
200' Rt | 200' Rt | 512+00 | 25' Lt CL CL
(DH1) | (DH2) | (SF1) | (NFH1 | (MH1) | (BH1)
Lawrence
Shale 62% 67% 35% 92% 100% 100%
cored
Churned
Lenticular 10% 8% 22% 15% - -
Shale
Shale 16% 11% 35% 17% 8% 39%
Coal 2% 2% 1% 1% -- --
Paleosol 11% 12% 17% 7% -- --
Qlghumed 7% 6% 7% 1% - -
O ]
g | carbonate- | 4a0. 79 79 2% - -
% rich Shale
g Claystone 1% 1% 1% 1% -- --
S |penievlar | ogse  20% -~ 21%  28% -
gug’e Sandy | 5o, 14% - 35%  42% -
\é\i}e;teh ered _ _ _ _ 299, 61%
SUM 100% 100% 100% 100% 100% 100%

Microfacies #1: Churned Shale

Description: Light Greenish Gray (5GY 8/1) to Greenish Gray (5G 8/1) shale that
was identified by disruption or reformation of the primary sedimentary bedding features.
The churned shales were identified at three localites within the Lawrence Shale:

1) Beneath the Toronto Limestone, the churned shale was comprised of very fine

sand to silty, isolated lenticels. The lenticels were irregularly shaped and deformed due
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to bioturbation. The more resistant, coarser lenticels protruded from the less resistant
shale/mud creating a “ribbed” appearance on the surface of the core (Fig. 2.3a).

2) Underlying the carbonate-rich (nodular) shale microfacies, was a fossiliferous
shale containing bivalves. The presence of the bivalves and disruptive bedding
(“ribbed”) were indications of bioturbation (Fig. 2.3b).

3) Beneath the lower Willamsburg coal a churned shale was identified with
disrupted bedding, wisps on the outside of the core, and plant fossils. The whisps are
good indication of root penetration, and correlates well with the presence of plant
fossils. Underlying a coal seam, this churned shale may represent a weakly developed

paleosol.
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Figure 2.3: Churned Shale

a) Very thin, isolated silty to sandy lenticels/ripples. The more resistant silty/sandy ripples protrude out
from the weaker (less resistant) shale generating a ribbed appearance on the surface of the core. The
ripple morphology is not well defined due to alteration by bioturbation.

b) Shale displaying ribbed appearance on the surface of the core due to bioturbation. Bivalves within the
bedding plane are associated with this shale.

Scale in both core photos is 1/10’.

a) Churned Shale;

Lenticular/Streaked Bedding b) Churned Shale; Bivalves
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Figure 2.4: Churned Shale microfacies

a) silty streaked to lenticular shale with disturbed bedding caused by abundant bioturbation.

b) rotated 45°, the clay orientation is identified by the high birefringence. Disrupted silty lenticel and
bedding due to bioturbation.

Frame length in both photomicrographs is 6650 ym (6.65 mm).

< Pl Fa)

(a) croés-pd

5 = - BN, e . R

iarizedﬁ 5x total magnification
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Figure 2.5: Churned Shale microfacies

a) silty shale with burrow filled with coarser silt (spreites).

b) lenticular shale with disturbed bedding generated by bioturbation; root (right) and disrupted silty lense
in upper left.

Frame length in both photomicrographs is 6650 ym (6.65 mm).

(b) cross-polarized; 5x total magnification
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Interpretation: The term “churned” is referring to the agitation or deformation of
the primary bedding structure, due to bioturbation. The churned shales are located in
three regions within the Lawrence Shale. Directly beneath the Toronto Limestone lies a
light greenish gray churned lenticular shale. Because of its proximity to limestone, it
suggests transgressive sequence where marine bioturbation has disrupted the
silty/sandy lenticles within the shale. Another sequence of this microfacies is located
beneath the carbonate-rich shale, where the shale has been churned by bivalves. The
final churned shale microfacies was located in proximity to coal seams, with root
wisps/traces, which indicate terrestrial influence.

Microfacies #2: Shale

Description: Light Gray (N7) to Medium Dark Gray (N4) lithified clay/mud that
breaks (platy to slabby) parallel to horizontal bedding plane. A majority of the shales
were clay-rich (Fig. 2.6a), displaying irregular partings along bedding plane due to the

presence of expandable clays (shrink/swell).
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Figure 2.6: Shale Core Photographs.
a) Light gray clay-rich shale with abundant fractures that are irregular (shrink/swell) and parallel to the

horizontal bedding plane.
b) Medium gray shale that lacks the irregular fractures (shrink/swell clay) as in (a), with flat, parallel

fractures along horizontal bedding plane. Scale is 1/10” in core photos.

b) Shale

a) Clay-rich Shale
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Interpretation: Low energy, open marine environment below wave base allowing

fall out from suspension.

Microfacies #3: Clayshale

Description: Light Gray (N7) to Light Olive Gray (5Y 6/1) fat/slick clay with very
thin laminations. Predominately occurs in isolated, small beds, no thicker than 0.5 feet.
Typically creates sharp contacts with the underlying and overlying materials. Clayshale
is very weak/soft clay-rich material with abundant fractures (irregular). Because of its

high plasticity, the material is compressed and deformed easily (expandable clays).
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Figure 2.7: Displays the abundance of irregular fractures through out the friable

clayshale.
Fig. 3.10: Due to the high plasticity of the material, finger prints were preserved on the

surface of the core during core retrieval.
Fig. 3.11: Light gray clayshale showing the thinly laminated structure within the core.

Scale in all core photos is 1/10’.

A: Clayshale | B: Clayshale

C: Clayshale
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Figure 2.8: Clayshale Photomicrographs

a) contains abundant clay.

b) rotated 45°, the high birefringence of the oriented clays displays the bistrial b-fabric (micromass) where
two intersecting sets of oriented clays can be seen.

Frame length in both photomicrographs is 1330 ym (1.33 mm).
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(b) crossed polarized; 25x total magnification; rotated 45°
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Interpretation: The extremely high clay content suggests a very low energy
environment of deposition. The isolated pod-like and irregular lateral distribution of this
facies indicates that the paleoenvironmental conditions were highly variable laterally.
Similar shales occur in the roof rocks of coal mines in Indiana and lllinois (A. Archer,
pers. comm., 2006). The various features of these shales could be interpreted as
having formed within areas of ponded water, such as lagoons or abandoned tidal creeks
and channels. Such features are common in areas of laterally extensive tidal flats
which develop only poor drainage conditions.

Microfacies #4: Coal

Description: Two coal seams exist within the Lawrence Shale, the Upper and
Lower Williamsburg Coal. The Lower Williamsburg Coal, located at ~1010’, is more
laterally extensive than the Upper Williamsburg Coal, located at ~1038’ (Fig. 2.2). The
coal beds are thin (0.1°-0.4’ thick) and mostly consist of Dark Gray (N3) to Black (N1),
brittle, bituminous coal. Gradations exist where the coal becomes very thinly
interlaminated with shale or becomes carbonaceous shale.

Interpretation: The coal beds are attributed to highly reducing environments
where vast amounts of plant material existed with little biodegradation. Environments
include waterlogged regions or wetlands (e.g. swamps, marshes, and bogs) that were
quickly submerged by transgressive oceans, burying the organic matter with sediments
before it could be decomposed.

Microfacies #5: Paleosol

Description: The paleosols are located at an elevation of 1038’ to 1030’. The color

ranges from Light Gray (N7) to Medium Dark Gray (N4), and Greenish Gray (5G 6/1).
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Occasional there are shades of Pale Red (10R 6/2) to Grayish Red (5R 4/2), and
Grayish Red Purple (5RP 4/2). Paleosols are identified by post-depositional
sedimentary structures and fossils. Post-depositional structures include mostly platy
mudstone “clods”, with few columnar mudstone “clods”. Other post-depositional
sedimentary features include the presence of shrink/swell cracks (slickensides),
carbonate nodules, and root traces.

Figure 2.9: Paleosol Core Photographs

a) Purplish-gray, fine platy, paleosol with an angled shear plane (A) containing slickensides. Bottom of
core becomes finely mottled with yellow drab-haloed root traces (B).

b) Close-up of yellow drab-haloed root traces within grayish red purple paleosol.

c¢) Gray clay-rich paleosol with desiccation cracks (shrink/swell). Bottom of core displays its columnar ped
structure.

1/10’ scale in all core photos.

a) Paleosol b) Paleosol

c) Paleosol
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Figure 2.10: Paleosol Core Photographs

a) Light greenish gray paleosol containing a recrystalized, pale brown, calcite root cast (A).

b) Indurated churned shale to weak paleosol with irregularly distributed wisps on the side of the core.
These wisps represent root traces causing minor disorientation of the bedding. Shear planes (with
slickensides) on the top and bottom of the core.

c) Paleosol with red clay coated slickenside (angled shear plane).

All scales in core photos are 1/10’.

a) Paleosol

b) Paleosol c) Paleosol - slickenside
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Figure 2.11: Paleosol Microfacies

a) dendritic root channel with abundant rootlets branching into clay/silt matrix. Root traces lined with a
red clay coating (ferri-argillan).

b) root channel with fine branching rootlets with ferri-argillans.

c) abundant root traces, within clay/silt matrix, with ferri-argillans.

Frame length in all photmicrographs is 6650pu (6.65 mm).

ek
(e "1_00(}: an’
(a) cross-polarized; 5x total (b) cross-polarized; 5x total
magnification magnification

- . 1000 um
+ ;BT N TRy
(c) plane-polarized; 5x total magnification
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Figure 2.12: Paleosol microfacies

a) dark, iron oxidized root trace (center) with illuviated clay (high birefringence) throughout the clay/silty
matrix.

b) abundant root traces within clay/silt matrix with chert sand grains. Finer root traces lined with ferri-
argillans (red).

Frame length in all photomicrographs is 6650 ym (6.65 mm).

(b) plane-polarized; 5x total magnification
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Interpretation: Paleosols are relicts of ancient soils that represent the conditions
present during soil formation. Paleosols can be distinguished by the presence of ped
structure, root traces, and fossils. Any one of these characteristics, for this study, is
interpreted as a paleosol forming from weathering and pedogenic (soil-forming)
processes during subaerial exposure.

Few paleosols for this project exhibit red to purplish red color indicating oxidizing
environments. The gray to greenish gray color dominating the paleosols within the
Lawrence Shale indicates environments with reducing conditions, such as waterlogged
regions (swamp, marshes, or bogs). Jockel (1994) suggests the paleosols show a
strong resemblance to modern Vertisols.

Microfacies #6: Carbonate-Rich Shale: Nodules

Description: The shales containing these hard/dense carbonate nodules are
usually Light Greenish Gray (5G 8/1) to Greenish Gray (5G 6/1). There are two
noticeable types of carbonate-rich shales: 1. contains hard limey nodules with sharp
contacts between the shale/carbonate interface (Fig. 2.13 a,b), and 2. carbonate
nodules consisting of a diffuse (or gradational) contact within the shale (Fig. 2.13 c).

The shales in which the carbonates are contained are also calcareous.
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Figure 2.14: Carbonate-Rich Shale microfacies

a) micrite calcite skeletal shell fragments.

b) micrite nodule, with shell fragments, surrounded by micritic matrix; notice how fractures occur at matrix
and nodule interface.

Frame length in all photomicrographs is 6650 ym (6.65 mm).

1000 um

(b) cross-polarized; 5x total magnification
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Figure 2.15: Carbonate-rich Shale microfacies

a) Fine micritic matrix with clay lined root trace (left); fractured micrite nodule, due rooting; calcite-spar
filled vughes.

b) Linear voids within micrite nodule due to root penetration. Linear voids lined/filled with both clay and
calcite. Larger vughes filled with calcite.

Frame length in all photomicrographs is 6650 ym (6.65 mm).

(b) plane-polarized; 5x total magnification
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Interpretation: The nodular carbonate concretions within the Lawrence Shale are
believed to have at least two origins, both marine and pedogenic. Joekel (1994)
suggested that the carbonate, underlying the paleosols, is entirely related to pedogenic
prcesses (caliche-like nodules). However, further work by Feldman and Archer (1995)
identified shell fossils within some of these carbonate nodules, which indicates original
deposition of marine limestone. The limestone is suggested as being the discontinuous
Amazonian Limestone that was subaerially exposed due to a fall in sea level. This
resulted in paleosol development on top of the Amazonian Limestone, which
incorporated pedogenic carbonate and limestone fracturing within the facies.

Microfacies #7: Lenticular Shale

Description: Lenticular shales consist of parallel laminated, White (N9) to Light
Gray (N8) very fine sandstone to siltstone lenses/ripples that are incorporated in a
Medium Dark Gray (N4) to Light Gray (N7) mud (Fig. 2.16). In a few areas the clay is
Light Greenish Gray (5G 8/1). The fine grained sandstone/siltstone lenticels form
sharp, flat to irregular contacts with the surrounding shale. Based on the morphology of
the lenticels, lentiuclar bedding is separated into two categories; either isolated
(starved) lenses or connected lenses. According to Reineck and Singh (1980), the
criteria for classification depend on whether 75% of the sandstone lenses are
continuous or isolated in the horizontal and vertical direction. Further subdivision can
be determined by whether the lenticels are thick (length/height ratio <20) or flat
(length/height ratio >20). Both lenticular categories exist within the Lawrence Shale,

however, most contain flat, discontinuous lenticels. Foreset laminae of current/wave
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ripples are preserved within some of the thicker lenticels. Secondary bedding features
are exhibited in the forms of load structures and disturbed bedding (mud flow/slump).

Figure 2.16: Lenticular Shale Core Photograph

a) Lenticular Shale displaying very thin, isolated sandstone lenticels/ripples. Sand lenticels become more
continuous toward the top of the core (A) with siderite cementation. Becoming for sandy at top with flaser
bedding (B).

b) Lenticular Shale displaying more continuous sandstone lenticels (C). Bedding slightly disturbed
(loading or bioturbation). Notice in both figures how the shale fractures along the sandstone/mud
interface.

Scale in both core photos is 1/10’.

a) Lenticular Shale b) Lenticular Shale
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Figure 2.17: Deformed Lenticular Shale; Soft Sediment Deformation

a) Lenticular shale displaying convolute bedding; related to sandy mudflow or slumping activity.

b) Lenticular Shale displaying vertical bedding; consisting of very fine sand to silt, wavy/crenulated
laminations. Sandstone lenticels (C). Bedding slightly disturbed (loading or bioturbation).

Scale in both core photos is 1/10’.

a) Lenticular Shale; Deformed b) Lenticular Shale; Deformed
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Figure 2.18: Lenticular microfacies

a) Alternating dark, organic rich clay laminae with coarser grained lenticels (isolated and connected).
Frame length is 6650 ym

b) Lenticels primarily consist of very fine sand to silt sized, sub-angular to sub-rounded quartz grains.
Grains are well sorted and display equigranular sutured/mosaic-like internal fabric. There is a sharp,
prominent contact between the organic-rich clay and sand/silt interface. Notice the parallel orientation
(perpendicular to overburded stresses) of the organic matter.

The frame length is 1330 um (6.65 mm).

-

-

Ny ot ™
i e

(b) crass-polarized light; 25x total magnification
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Interpretation: The incomplete or starved ripples are generated by an insufficient
supply of sand with conditions favoring the deposition and preservation of mud. The
formation of these lenticular shales depends upon alternating periods of both high
energy (turbulent water) and low energy (slack water) depositional events. The sand
ripples are deposited on a muddy substratum, during limited intervals of current or wave
action, and preserved by mud deposition from slack water suspension fallout.

The main environments of this occurrence are subtidal zones (Reineck 1963 a;
Reineck et al. 1968), intertidal zones (Hantzschel 1936 a; van Straaten 1954 a), and
mid tidal flats (deVries Klein, 1977). Similar bedding was reported in Carboniferous
rocks deposited in Indiana by Kvale and Archer (1990) and subsequently in Kansas by
Archer (1994).

Microfacies #8: Sandy/Silty Shale

Description: The silty/sandy shale facies consists of a Light Gray (N7) to Medium
Light Gray (N6) heterogeneous mixture of sand, silt and clay with massive bedding.
There are abundant amounts of mica and black organic debris/particles. Associated
with some of these rocks are slightly connected to isolated ball-and-pillow strucutres (or
“sunken/starved” ripples) consisting of very fine sandstone. The pillows themselves
may be structureless or display curved or deformed laminations (Fig. 2.20 a). These
very fine sandstone pillows form a sharp, contoured contact with the surrounding mud
matrix. Other bedding features include soft sediment deformation (Fig. 2.20 b)This
microfacies provides more resistant cores with very few fractures. This microfacies is

often found interbedded with lenticular shale.
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Figure 2.20: Sandy/Silty Shale Core Photographs

a) Massive gray, sandy shale/siltstone with an isolated sandstone load structure (A) in the middle of the
core.

b) Massive, light gray, silty/sandy shale with fine sandstone ball-and-pillow structure (B) and contorted
soft sediment deformation (C). Notice how resistant the cores are in both figures, with very few fractures.
c) Abundant sand, mica, and macroscopic organics within sandy/silty shale.

Scale in all core photos is 1/10'.

a): Sandy/Silty Shale  b) Sandy/Silty Shale c) Sandy/Silty Shale
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Figure 2.21: Silty/Sandy Shale Photomicrographs

a) heterogeneous mixture of clay, silt and very fine sand; dominate minerals are quartz and muscovite
mica; abundant black organic debris/particles

b) well sorted, very fine sand “sunken” pillow preserved within very fine sand, silt, and clay matrix with
abundant black organic debris.

Frame length in both photomicrographs is 6650 ym (6.65 mm).

(b) cross-polarized light; 5x total magnification
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Figure 2.22: Silty/Sandy Shale Photomicrographs
a) large “sunken” pillow consisting of predominately well sorted and sutured quartz grains (very fine sand
to silt); thick, dark, organic-rich clay film (left) accumulated around pillow as it sank through the silty/sandy

clay matrix.
b) soft sediment deformation within silty/sandy clay matrix related to mudflow or slumping prior to

deposition.
Frame length in both photomicrographs is 6650 ym (6.65 mm).

Y]

(b) cross-polarized light; 5x total magnification
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Interpretation: The ball-and-pillow structure is generated by a disturbance within
the deposit (e.g. applied shock, loading or slumping activity) that results in the overlying
sandy layers to be broken into “pillows”. These sandy pillows then sink into the
underlying mud. In some cases, rather than being broken into pillows, a larger portion
of the sandy layer is vertically displaced causing contorted/convolute bedding to
develop (Fig. 2.20 b).

Along with the ball-and-pillow and contorted structures, the heterogeneous
composition of very fine sand, silt, and clay, implies rapid sedimentation. The presence
of abundant very fine sand and macroscopic organic debris indicates the deposition is
proximal to continental or marginal marine environments (near-shore, fluvial-deltaic to
estuarine).

Microfacies #9: Weathered Shale

Description: The shale consists of oxidized Grayish Orange (10YR 7/4) to Pale
Yellowish Orange (10YR 8/6) sandy/silty shale. Besides the color, the most
distinguishing feature of this microfacies was the abundant fractures and presence of
modern roots. A significant portion of the fractures were vertical, with black manganese
or red iron oxidation on the fracture surfaces. The weathered silty/sandy shale is found
along the backslope, or toe, of Pleasant Grove Hill. The weathered portion thickens (~
30’) toward the toe and base of the hill where it grades into Light Gray (N7) to Medium

Gray (N5) sandy/silty shale microfacies.
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Figure 2.23: Weathered Sandy/Silty Shale Core Photographs

a) Weathered and fractured shale.

b) Orangish-Gray weathered shale with shear plane (A) in the middle of the core.

c) Weathered shale exhibiting prominent vertical fractures.

d) Modern root development within weathered shale; notice the drabe halos (light green) forming around
the rootlets.

1/10’ scale on all core photos.

a) Weathered Shale b) Weathered Shale

c) Vertical Fractures
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Figure 2.24: Weathered Sandy/Silty Shale Photomicrograph
Highly oxidized and iron rich silty/sandy shale with numerous voids and fractures.
Frame height in photomicrograph is 6650 ym (6.65 mm).

1000 T

*

Cross-polarized; 5x total magnification
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Figure 2.25: Weathered Shale Photomicrograph
Highly oxidized and iron rich silty shale with numerous voids and fractures.
Frame length in photomicrograph is 1330 ym (1.33 mm).

Cross-polarized; 25x total magnification

Interpretation: The relic lithofacies, superimposed by weathering and pedogenic
alteration, is the same silty/sandy shale found at depth within Pleasant Grove Hill.
Weathering and pedogenic process within the Lawrence Shale are influenced by the
overlying material and the slope of the hill. The top of the hill is heavily vegetated and
capped by approximately forty feet of overlying material, including three laterally
extensive limestones (Plattsmouth Ls., Leavenworth Ls, and Toronto Ls.). This
overlying material prevents percolating water and root penetration from reaching the

Lawrence Shale. However, on the slopes and base of the hill, where the Lawrence
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Shale is exposed in close proximity to the surface, the weathering and pedogenic
effects can be seen. The highest degree and extent of weathering and pedogenisis is
located near the base or toe of Pleasant Grove hill. Surface runoff, generated from the
steeper slopes of the hill, accumulates and percolates into the ground due to the low
relief at the base of the hill. This results in more water infiltration/percolation and
vegetative growth. The depth, or extent, of weathering diminishes on the slopes of the
hill. This is primarly due to both higher surface runoff on slopes and reduced vegetation

cover on slopes.
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CHAPTER 3: TEST RESULTS

Slake Durability

The slake durability procedure proved to be the most useful in terms of
determining the materials durability within the Lawrence Formation. A total of sixty-five
test were conducted on samples taken from cores received by KDOT at the six borehole
locations. Using slake durability classification schemes proposed by Deo (1975),
Gamble (1971), Franklin and Chandra (1972), and Dick and Shakoor (1995), the
Lawrence Formation contains predominately low durability materials in the orders of:
61-65% Low Durability, 15-31% Medium Durability, and 8-23% High Durability. Dick
and Shakoor (1995) also developed a slope classification scheme based on the
materials slake durability after two cycles. Within the Lawrence Shale, 62% of the
materials tested were classified as “probable” indicators for slump or debris flow (with
“probable” excess erosion: 5-10 cm/yr of undercutting), while 31% resulted in
“potential” indicators (with “unlikely” excess erosion: 3-5 cm/yr of undercutting), and 8%
unlikely of failure (with “unlikely” excess erosion: 2-3 cm/yr of undercutting).

Arranging the data in order of increasing slake durability, there is a strong
relationship between the microfacies within the Lawrence Shale. Based on the slake
durability results, after two cycles, the paleosols are designated as being the least
durable (Id = 0-10.7) and thus most susceptible to rock/slope failure. The sandy/silty
shales represent the microfacies that are more resistant to slaking and are located at

greater depths. Figure 3.1 provides slake durability results by microfacies.
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Figure 3.1: Slake Durability by Microfacies; average and range values

Slake Durability by Microfacies
Average and Range

Microfacies

0 10 20 30 40 50 60 70 80 90 100
Slake Durability After Second Cycle

Jar Slake Test

The Jar Index is a simple and fast test to identify the effects of submersing a rock
sample in water. As a secondary procedure to the jar index, water absorption can be
calculated. There is an adequate relationship between the slake durability and water
absorption within the Lawrence Formation. As water absorption increases, the

durability of the material is reduced (Fig. 3.2).
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Figure 3.2: Slake Durability vs. Water Absorption in the Lawrence Shale

Slake Durability vs. WaterAbsorption in the Lawrence Shale
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Using the Jar Slake classification in Table 3.1, 63% of the Lawrence Shale tested
consists of low durability, 22% medium durability, and 14% high durability. These
percentages correlate well with the slake durability classification results: Low: 61-65%,

Medium: 15-31%, and High: 8-23%.

Table 3.1: Jar Slake Classification

Dura_blllty Jar Index Behavior
Classification
Low 1 Degrades into a pile of flakes or mud
2 Breaks rapidly and/or forms many chips
3 Breaks rapidly and/or forms few chips
Medium 4 Breaks slowly and/or develops several
fractures
Breaks slowly and/or develops few
High 5 fractures
6 No Change
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The relationship between microfacies and water absorption is provided in Figure

3.3.

Figure 3.3: Percent Water Absorption by Microfacies; average and range values
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* Microfacies: (1) Churned Shale; (2) Shale; (3) Clayshale; (4) Coal (N/A); (5) Paleosol; (6)
Carbonate-rich Shale; (7) Lenticular Shale; (8) Sandy/Silty Shale; (9) Weathered Shale.
Average and range of percent calcium carbonate are indicated by a circle and whiskers.

Calcium Carbonate Content (Chittick)

The calcium carbonate (CaCOs3) content within the Lawrence Shale was
determined using the chittick test. Calcium carbonate is a cementing agent in
sedimentary rocks and can give insight into the durability of the material. Shown below
in Figure 3.4, the chittick results consist of predominately low concentrations of calcium
carbonate throughout the Lawrence Formation. According to Miller & McCahon (1997),

calcium carbonate content < 35% will likely have low durability, while content > 35% will
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likely have medium to high durability. In relation to durability, there is no correlation
between calcium carbonate content and slake durability within the Lawrence Formation

(Fig. 3.4).

Figure 3.4: Slake Durability vs. Calcium Carbonate in the Lawrence Shale

Slake Durability vs. Calcium Carbonate in the Lawrence Shale
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The high “outliers” in Figure 3.4 are due to the high concentration of calcium

carbonate in the Carbonate-rich Shale and Paleosol microfacies.
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The relationship between microfacies and calcium carbonate is provided in

Figure 3.5.

Figure 3.5: Percent Calcium Carbonate by Microfacies; average and range values
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* Microfacies: (1) Churned Shale; (2) Shale; (3) Clayshale; (4) Coal (N/A); (5) Paleosol; (6)
Carbonate-rich Shale; (7) Lenticular Shale; (8) Sandy/Silty Shale; (9) Weathered Shale.
Average and range of percent calcium carbonate are indicated by a circle and whiskers.

Mineralogy — Clay and Silt

Mineralogy of both the silt and clay fraction was identified using X-ray diffraction
(XRD) of the major microfacies (Table 3.2). Fractionation results (Table 3.3) show that
all of the microfacies are dominated by the silt fraction (50.2% — 58.2%), with the
exception of the paleosol being influenced by higher concentrations of clay (55.9%).
The lenticular, sandy/silty, and weathered shales consist of higher sand concentrations

that are associated with significantly lower amounts of clay.
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Table 3.2: Identification for XRD Analysis

XRD Sample ID Microfacies Location Elevation (ft)
1 Lenticular Shale DH2-12 1001.1 — 1000.5
2 Churned Shale DH1 Box 3 Core 10 1047.7 — 1047.62
3 Sandy/Silty Shale NFH1-4 1032.8 - 1032
4 Shale BH1-7 905.4 — 904 .4
5 Weathered Shale BH1-2 926.3 —925.9
6 Carbonate-rich Shale NFH1-5 1029.8 — 1028.8
7 Paleosol SF1-4 1035.2 - 1034 .1
8 Clayshale DH1 Box 4 Core 12 1039.7 — 1039.55

Table 3.3: Fractionation Results During XRD Preparation

XRD
Sample  Microfacies Clay (%) Silt (%) Sand (%)
1 Lenticular 17.8 51.2 31.0
Churned

2 Shale 35.6 57.0 74
Sandy/Silty

3 Shale 23.9 56.7 194

4 Shale 42.3 57.2 0.5
Weathered

5 Shale 27.9 58.2 13.9
Carbonate-

6 rich Shale 36.7 57.9 5.4

7 Paleosol 55.9 43.2 0.9

8 Clayshale 47.6 50.2 2.2

Analyzing the XRD patterns of the silt fractions, all of the microfacies contained
quartz, albite, orthoclase, calcite and 2:1 layered silicates (Table 3.4). Dolomite was

identified only in the lenticular shale.

Table 3.4: XRD Silt Mineralogy

1 2 3 4 5 6 7 8
Quartz Quartz Quartz Quartz Quartz Quartz Quartz Quartz
Albite Albite Albite Albite Albite Albite Albite Albite
Orthoclase Orthoclase Orthoclase Orthoclase Orthoclase Orthoclase Orthoclase Orthoclase
Calcite Calcite Calcite Calcite Calcite Calcite Calcite Calcite

Dolomite
2:1 2:1 2:1 2:1 2:1 2:1 2:1 2:1
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The identification of the clay mineralogy, using the X-ray diffractograms, was
determined using procedures by Jackson (1975). The clay mineral species and their
relative amounts were characterized by analyzing the peak geometry and peak
intensities produced on the X-ray diffractograms. The various chemical and heating
treatments used in preparation for XRD, assisted in identifying clay mineral species.

Kaolinite was characterized by a 7.1 A (doo1) peak with both K and Mg cation
saturations and heat treatments of K-25°C and K-350°C. However, the same peak is
absent after heating to 550°C as the structure of kaolinite collapses.

Clay mica (llite) was identified by 10 A (doo1), 5 A (dooz) and 3.3 A (doos) peaks
using the Mg-25°C treatment. The 10 A peak remained persistent through all of the
chemical and heat treatments.

Like chlorite, hydroxy interlayered 2:1 mineral (HIM) was identified by a 14 A
peak that remained throughout the entire chemical and heat treatments. Upon heating
at K-550°C, the 7 A peak disappeared from all of the diffractograms indicating the
presence of HIM. If the 7 A peak remained at K-550°C, this supports the presence of
chlorite.

Chlorite and other 2:1 layered silicates were identified by a 14 A (dgo1) peak using
Mg-25°C. Both chlorite and kaolinite are characterized by a 7 A peak. However, upon
heating to 550°C, the presence or absence of this 7 A peak differentiates either chlorite
or kaolinite. Kaolinite is characterized by a collapse of the 7 A peak, while chlorite is
recognized by the presence of the 7 A peak upon heating to 550°C. All of the
microfacies X-ray diffractograms generated no 7 A peaks at 550°C, thus indicating

kaolinite is present and not chlorite.
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The absence of the 7 A peak at 550°C, in combination with the presence of the
14 A peak with Mg-25°C, now suggests either 2:1 layered silicate, hydroxy interlayer, or
a interstratification of 2:1 and hydroxyl interlayer. Within the Lawrence Shale, it is
important to identify the presence of vermiculite and/or smectite. Both vermiculite and
smectite are expandable 2:1 layer silicates that cause rock/slope stability problems due
to their shrink/swell capabilities. The presence of vermiculite is characterized by a 14-
15 A (doo1) peak with both EG and GLY treatments. Upon heating, the 2:1 layered
structure of vermiculite collapses to 10 A (doo1) and remains constant throughout the
remaining heat treatments. Smectite is identified by its expansive response to both Eg
and GLY treatments. With the Mg-EG, smectite was identified by a 17 A (doo1) peak,
and by an 18 A (doo1) peak with Mg-GLY treatment. Upon treating with K-25°C,
smectite is recognized by a 12 A (doo1) peak. With further heating (K-350°C and K-
550°C), both smectite and vermiculite generated a peak at 10 A (doo1).

Randomly interstratified clay minerals were determined by diffraction peaks
becoming broad and weak upon Mg-EG and K-25 treatments (Gunal, 2001). Broad
peaks were identified between 14 A and 10 A. Because these peaks are characteristic
of smectite, vermiculite, HIM, and clay mica, it was established that randomly
interstratified hydroxy/2:1 expandable clay was present. In the case of a distinct 14 A
peak persisting upon heating to 550 °C, this is interpreted as the presence of more
crystalline HIM.

Analyzing the peak geometries and peak intensities produced on the X-ray
diffractograms, a semi-quantitative analysis was performed to determine the relative

distribution of clay mineral species, within each microfacies (Table 3.5). Kaolinite and
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clay mica dominated the clay fractions in all of the microfacies. To a lesser extent, 2:1
expanding clays and HIM existed in most of the microfacies. Both smectite and
vermiculite were recognized within the microfacies. Vermiculite was the most dominant
expandable clay mineral, with the exception of the clayshale microfacies (XRD #8)

where smectite and vermiculite relative concentrations were approximately the same.

Table 3.5: Clay minerals and relative quantitative abundance. See Table 3.7 for
rating explanation.

Clay Minerals

Hydroxy
XRD Clay Expandable Interlayered
Sample Quartz Kaolinite Mica Clays 2:1
1 TRACE XXXX XXX XXX XX
2 X XXXX XXX XXX X
3 X XXXX XXX XX X
4 TRACE XXXX XXX XX XX
5 TRACE XXXX XXXX XXX --
6 X XXXX XXXX XX XX
7 X XXX XXXX XX XX
8 X XXX XXXX XXX X

Table 3.6 Rating system for quantitative abundance.
Approximate Corresponding
%

Very Strong  XXXXX > 50
Strong XXXX 30-50
Medium XXX 15-30
Weak XX 5-15
Very Weak X 0-5
Trace Trace Trace

The origin of the clay minerals within these sedimentary rocks is interpreted as
inherited (detrital) from parent materials, with the exception of the paleosol microfacies.
During the Carboniferous, tropical conditions prevailed which resulted in abundant
rainfall and increased rates of erosion and clastic sedimentation. Sources of clastic
sediments, as discussed previously, originated from the northeast where the craton was

subaerially exposed to weathering and pedogenic processes. This highly weathered
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environment is consistent with the abundance of kaolinite that was inherited within the
microfacies. Also, associated with the Carboniferous are the vast coal deposits
indicating waterlogged regions. These wetlands provide an acidic environment for
organic debris and the formation of HIM’s. Other than the origin of these clay minerals
being inherited by weathering on the surface of the craton, pedogenic processes formed
additional clay minerals in-situ. The parent material of the paleosol, presumably shale
or alluvium (consisting of inherited clay minerals), was superimposed/masked by
pedogenic process that formed additional clay minerals. Upon subaerial exposure,
weathering of these paleosols would have contributed additional clay minerals that
would later be deposited/inherited within the microfacies of the Lawrence Shale. The
depositional environments in which these clays were inherited include: near shore

(fluvial-deltaic to estuarine), subtidal to intertidal flats, and marginal/open marine.
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CHAPTER 4: SUMMARY

In northeastern Kansas, the Lawrence Formation (Virgilian Series, Douglas
Group) was deposited, within the Forest City Basin, during the Upper Carboniferous
(Pennsylvanian) Period approximately 320 million years ago. Numerous cases of rock
and slope instability within the Lawrence Shale were encountered in pervious highway,
excavation, and construction projects. The Kansas Department of Transportation is
planning a realignment of Highway 59, that will be exposing 75 foot road-cuts of this
problematic formation, within Pleasant Grove Hill. Detailed sedimentological
descriptions and geotechnical tests were preformed to identify the areas that might be
most susceptible to failure.

Figure 4.1 provides the relative paleoenvironments during the late Carboniferous
Period. The microfacies of the Lawrence Shale, within Pleasant Grove hill, have been

identified with corresponding depositional processes and environments (Table 4.1).
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Figure 4.1: The Lawrence and Stranger Formations are dominated by non-
mairne/clastic environments, unlike the marine/carbonate-rich environments of the

Oread and Stanton Limestones.

Stratigraphy and Depositonal Environments
Stratigraphy modified from (Zeller,1968)
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Table 4.1: Depositional Processes and Interpretations of the Lawrence Shale

Microfacies

Microfacies

Depositional Process

Depositional Interpretation

Churned Shale

Disruption or reformation of the
primary sedimentary bedding due
to bioturbation

Marginal marine (bivalves);
continental (root whisps and
plant fossils)

open marine environment

Shale Low energy, sediment fall out b
elow wave base
Ponded water (lagoons or
Clayshale Suspension fall out abandoned tidal creeks and
channels)
Coal Peat accu_mula_tion and Wetland
coalification
Weathering and pedogenesis of
Paleosol pre-existing facies in reducing Waterlogged soil

environments

Carbonate-rich Shale

Both marine and pedogenic
processes

Subaerially exposed limestone
with overlying soil
development

Lenticular Shale

Alternating periods of high energy
(turbulent water) and low energy
(slack water)

Subtidal, intertidal, or mid-mud
flat

Sandy/Silty Shale

High energy with rapid
sedimentation

Near-shore, fluvial-deltaic to
estuarine

Weathered Silty/Sandy
Shale

High energy with rapid
sedimentation; churned and
altered by modern pedogeneisis

Near-shore, fluvial-deltaic to
estuarine; altered by modern
weathering and pedogenesis

A summary of all microfacies test results is given in Table 4.2.
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The slake durability results proved to be the most useful/reliable in terms of
determining the materials resistance/durability. Of the materials tested, ~ 65% of the
Lawrence Shale was classified as soil-like with low durability. The slake durability of the
microfacies, in terms of increasing durability, is as follows: paleosols < weathered shale
< clay shale < churned shale < shale < carbonate-rich shale < lenticular shale <
silty/sandy shale. The least resistant facies was identified as the paleosols (Id = O-
10.7), located at elevation of ~1038" — 1029’. The sandy/silty shales are the most
durable (1d2 = 74.7-92.3) and are located near the base of Pleasant Grove Hill. Slake
durability values are inversely proportional to the materials water absorption and
proportional to the amount of sand content. No durability relationship was identified for
the amount of calcium carbonate (used as a cementing agent) within the rock material.

Using X-ray diffraction, kaolinite and clay mica were the most abundant clay
minerals within all of the microfacies. More importantly, within the clay fraction was the
presence of 2:1 expandable layer silicates that are characterized by their ability to
shrink/swell. Vermiculite was the dominant expandable 2:1 layer silicate within most of
the microfacies. Relative quantities of smectite and vermiculite were approximately the

same in the clayshale microfacies.
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CHAPTER 5: CONCLUSION

Overall, the concerns associated with rock and slope instability within the
Lawrence Shale are attributed to the material’'s predominately low durability (soil-like),
and the presence of 2:1 expandable clays. The microfacies that pose the most potential
for rock/slope failure are the paleosols, clayshale, weathered shale, lenticular shales,
and the interface between the more durable heterogeneous shales and the overlying
less resistant materials. The microfacies that are potentially the most susceptible threat
of rock/slope failure are as follows: Paleosol (High Concern), Weathered Shale and
Clayshale (High-Medium Concern), and Lenticular Shale (Moderate Concern).

The paleosols are the most susceptible microfacies for potentially inducing
rock/slope failure. The slake durability average was 2.15% with a range of 0-10.27%.
The paleosols contain abundant ancient root traces/channels and angled shear planes
with slickensides. The root traces/channels provide conduits for water to infiltrate into
the paleosol and result in the high water absorption values (33.5 — 42.9), supported by
the Jar Slake test. The water disrupts the thin platy ped structure of the paleosols
causing the material to disintegrate into a pile of flakes, as indicated by the slake
durability results. Throughout the paleosol, numerous angled shear planes, with
slickensides, occur at various directions and angles. The shear planes were generated
by either one or a combination of the following processes: pedogenisis,
compactional/overburden forces, or shrink/swell. Most of the angled shear planes were
identified as having smooth, striated, and thinly coated clay surfaces which create

numerous planes of weakness within the paleosol.
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The weathered shale microfacies is classified as high-medium concern for
rock/slope instability as the slake durability average was 31.5% with a range of 4-
39.4%. This microfacies was originally a member of the more resistant sandy/silty shale
microfacies, found toward the base of Pleasant Grove Hill. However, because the
material is located at the toe of the back slope and with close proximity to the ground
surface, modern weathering and pedogenic processes have altered the material to its
weathered shale microfacies. The effects of weathering and pedogenic processes, on
rock materials close to the surface, are most extensive at the base or toe of the hill.
Abundant fractures and oxidation of the Lawrence Shale is a result of the high amounts
of water accumulation/percolation, due to surface runoff from hill slopes, and more
vegetative growth (root penetration). Along the slopes of the hill, the degree and extent
of weathering and pedogenisis is less. The most distinguishing feature throughout the
weathered shale microfacies was the abundant vertical fractures. This will not only lead
to rock/slope stability problems when exposed on the road-cut, but it may also cause
problems beneath the subgrade of the new highway. It is recommended to consider
removing the interval of weathered shale where exposed during road-cut excavation.

The clayshale microfacies is classified as high-medium concern for rock/slope
instability with an average slake durability of 21.8%. This microfacies occurred
randomly throughout the Lawrence Shale in thin, isolated beds. Compared to the other
microfacies, the clay mineralogy indicated that there were higher relative quantities of
smectite. Smectite’s ability to shrink/swell exceeds that of vermiculite. Because of this,
not only is the clayshale durability of concern, but also the stability of the material both

above and below this more notably expandable microfacies.
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Although the lenticular shale microfacies performed moderately well in the slake
durability (avg. Id; = 56.5) and water absorption (20%) tests, the fabric and structure of
the material poses moderate concern for rock/slope failure. The lenticular shale
microfacies contains alternating silty/sandy lenticels (isolated or connected) that
abruptly overlie clay and organic rich layers. Because of the materials heterolithic
nature, the geotechnical behavior of the lenticular shale is complex. The coarser
grained lenticels allow water to infiltrate the lenticular shale. With the presence of
expandable clays, exposure of this material to seasonal conditions (wetting and drying
cycles) will generate fractures, due to shrinking and swelling, along the abrupt interface
between the clay and sand/silt lenticels. In addition to fracturing, the saturated clays
become very slick, due to reduced friction/cohesion between the sand/silt-shale laminae
interface, and may lead to rock/slope failure. One factor that may be influencing the
durability of the lenticular shale is the amount of organic material within the clay. The
lenticular shales that lie at great depths, within Pleasant Grove Hill, contain black shale
with alternating white sand/silt lenticels. The black color implies reducing conditions as
well as abundant organic material. Organic matter is characterized as having very high
surface charge areas, which might in turn impede the shrink/swell capabilities of the
expandable clays. Organic matter significantly increases the liquid and plastic limits of
clay.

Within the geologic profile of Pleasant Grove Hill lie potential planes of weakness
between the interface of durable and nondurable microfacies that might promote slope
failure. For example, there may be a potential plane of weakness both above and

below the interface between the less durable paleosol. Other interfaces that might be
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susceptible to slope failure include: sandy/silty shale and lenticular shale, lenticular
shale and overlying shale, and the Toronto Limestone and upper Lawrence Shale.
Identifying these areas most susceptible to rock/slope failure, engineers may
take preventative measures to manage slope stabilization. Slope stabilization efforts
may include: regrading and benching of slopes to reduce their steepness (slope angle),
reduce water abosorption by installing drainage and runoff channeling structures,
vegetate slope, and/or construct retaining walls, sunken pylons, and backfilled supports.
Although repair of slopes can be performed following slope failure, the economic

consequences far outweigh the initial remedial costs, even in a short period of time.
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APPENDIX A: METHODS AND MATERIALS FOR SAMPLE PREPERATION

SAMPLE PREPARATION FOR SLAKE DURABILITY

The slake durability test method and procedures below follows the American
Society for Testing and Materials (ASTM) Standards (ASTM D 4644). Slake Durability
is a geotechnical testing method that determines the durability of shales and other
similar weak rocks after two drying and wetting cycles with abrasion. Results are given
in terms of how the material is retained (Type I-1ll) and by calculating a slake durability
index after the second cycle.

SAMPLE PREPARATION FOR JAR SLAKE

The Jar Index test (FHWA, 1977) is a fast and simple method to determine how
dry samples of rock material respond when immersed in water. A rock sample of ~20g
is oven dried and immersed in distilled water. The resulting behavior of the sample is
then observed after 2 hours of being immersed and assigned a jar index value
according to specific criteria (Table 2.8).

Table 2.8: Jar Index values and descriptions

Jar
Index Behavior
Degrades into a pile of flakes or mud
Breaks rapidly and/or forms many chips
Breaks rapidly and/or forms few chips
Breaks slowly and/or develops several fractures
Breaks slowly and/or develops few fractures
No Change

O WNI~

(FHWA, 1977)

Water absorption (Abs. %) is determined as a secondary procedure during the jar

index tests. Samples were weighed prior to and after oven drying and then after
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immersion during the jar index test. The percentage of water absorbed, by weight, is

then obtained from this equation:

% Abs. =

Saturated weight (after immersion) — Oven dry weight (post Jar test)

Saturated weight (after immersion)

SAMPLE PREPARATION FOR CHITTICK

The principles and procedures for the Chittick
Analysis, follows that given by Machette (1986).
The purpose of the Chittick Analysis is to provide a
relatively quick and inexpensive method of
measuring calcium and magnesium carbonate in
rock/soil material. The amount of calcium carbonate
is determined by dissolving the sample material in
hydrochloric acid and measuring the volume of

carbon dioxide gas produced by the reaction.

Calcium carbonate is a common cementing agent in

x 100

Figure 2.5: Chittick apparatus
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(Machette 1986)

shale rock types. A useful predictor of durability is calculating the percentage of

carbonate in the sample material by using the Chittick apparatus (Fig. 2.5). The volume

of carbon dioxide is proportional to the amount of calcium carbonate.

In a previous study by Miller and McCahon (1997), the % CaCO3; was found to

increase with slake durability index (142) values. Samples with >35% calcium carbonate

have medium to high durability.
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METHODS FOR CLAY/SILT MINERALOGY

Identification of clay mineralogy involves variable pre-treatments of the rock
samples in order to get accurate and recognizable X-ray diffraction (XRD) patterns
(diffractograms). Analysis of the rock samples was done by determining the peaks,
generated on the XRD patterns, and comparing them to XRD patterns of known
minerals. The XRD pretreatments and procedures used for identifying clay and silt
mineralogy follows that given by Jackson (1975).

MICROFABRIC ANALYSIS USING PHOTOMICROGRAPHY

For selected microfacies, petrographic thin sections were made by a commercial
laboratory in order to analyze the microfabric and sedimentary bedding features. In
order to identify bedding features, all thin sections were prepared vertically, most at a
size of 17 x 27 (25 x 45 mm) and a few at 2" x 3" (51 x 75 mm). Thin sections were
examined using a Nikon Optiphot-Pol petrographic microscope with the Nikon UFX
camera system attachment. Photomicrographs were taken under both plane-polarized
and crossed-polarized light. The terminology used to describe the micromorphology of

the thin sections was from Stoops (2003).

73



APPENDIX B

STRATIGRAPHIC BORE LOGS OF PLEASANT GROVE HILL

APPENDIX B PAGE
B-1  Station 506+36, 200’ Rt CL Deep Hole #1 (DH1)
81
B-2  Station 506+36, 200’ Rt CL Deep Hole #2 (DH2)
90
B-3  Station 512+00 Soybean field (SF1) 100
B-4  Station 524+25, 25’ Lt CL North face of hill  (NFH1) 108
B-5 Station 526+30, 77 Rt CL Middle of hill (MH1) 118
B-6 Station 531+50, 25’ Rt CL Base of hill (BH1) 125
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APPENDIX B-1: STATION 506+36, 200’ RT CL - DEEP HOLE # 1 - DH1
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NEPARTMENT OF

ti E“l“ GY Kansas State University

Project Number: 59-23 K-7888-0]

Project Name: Realignment of Hwv. 59, south of Lawrence. KS

Site: Pleasent Grove, KS in Douglas County

Surface Elevation: 10833

Location: Sta. 300 + 36 200 Rt

Material Description

FIELD DATA LABORATORY DATA

Plasticity Index
Cal’d %y

Slake Durability

Ciraphic Log
Sample Tvpe
Liquid Limit
Unconfined

Clompression

Mloisture "o

Diepih (ft}
Jar Index

ROQD

Index

Slake Tyvpe

Gravish Black (M2) well indurated
(resistant) shale with abundant horizontal
fractures. Sparse lenticular bedding and
bioturbation root traces, Moderate
Yellowish Brown ( 10YR 3 4) shale bands
near top with Very Light Gray (N8} sandy
lavers beneath them (some with more
resistant coneretions ). White (N9} to Verv

142 Light Gray (N8) more resistant fine sandy to
siltv mterbed at 137 (01" thack ) .Conrimed
Nexr Page

10693

LEAVENWORTH LIMESTONE:
Medium Gray (N3} to White (N9) and Light
Brownish Grav(3YR 6'1) limestone. Small
recrvstalized calcite shells. Stamned Dark
Yellowish Orange ( 10YR 6.6). Bottom 0.4
Dark Yellowish Orange (10YR 6.6} to Pale
Yellowish Brown ( 10YR 6.2} less indurated
limestone with White {N9) carbonate
inclusions sunken nipples. Sharp contact at
base.

16.1

10674 T —

SNYDERVILLE SHALE: Pale Blue (5B
6.2). Greemish Gray (3GY 6/1) to Medium
Light Gray (NG} paleosol. Top (0167 15 less
resistant and irreguls ractured while the
bottom (0.6 18 more resistant and contaims
White (N9 carbonate concretions
(rhizoconcretions ). root traces. and irregular
18.7 fractures.

ular paleosol as above but Greenish

wav{ 3G 601 with more White (N9)
carbonate (powdery) rhizoconcretions.
Irregular tractures and shear planes with
pedogenic slicks (shrink swell). Shear
planes at 2002 (- 407). 20,67 (407 21
(~207).

1004,

10398

Remarks:
Huole =

. near Pleasant Grove. KS in Dounglas County.

BORING LOG LAWREN-1.GPJ KANSAS STATE.GDT 51/06
T

Completion Depdle: 85,2 JAR INDEX

Crate Stated: 06/ 290
Dhte Completed: 06/20104
Dhilked By

Logged By:

1. Degrades inte pile of flakes or mud

2 Breaks rapadly and or forms many claps

3 Breaks rapadly and 'or forms few claps

wely and o develops several fractures
slowly and or develops few fractures

Slake Type 1@ Betamed pieces vrinally mmclanged| 5 Breg

CaCO3 %
e materral is exclwsively
suall fragments. High 1o hledinm Dvrability -~ 359

76
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villed By:
Logged By,

Slake Type 10 Eetained piece.
Slake Type 20 Retained material consists of bage

virtally vnelinged |

&. Mo change

a5 rapidly and or forms many chips
s rapidly and or forms few

s and or develops :

s slowly and or develops few fractures

Project Number: 39-23 K-7888-01
NEPARTMENT OF
{iﬁll!‘['ﬁ-Y Kansas State University Project Name: Realignment of Hwy. 39, south of Lawrence. KS
Site: Pleasent Grove. KS in Douglas Countv
Surface Elevation: 1083.5 FIELD DATA LABORATORY DATA
Location: Sta. 306 + 36 200" Rt 5 . =
5 g = 2 3 | < =
| 2 |~ 2 2 2|5 2
£l 5|2 5 5 ]
Material Description H i M- P =S | ¢
Sumilar paleosol as above but weaker zone
with abundant irregular fractur B
24.7" and then becoming more res
b = 5
P49 Very carbonate rich (white). Sharp contact 1058.0¢ o
at | “ontinned Next Page <>
TORONTO LIMESTONE: More resistant
White (N9 Light Greemsh Grav (3GY 7
81} and Moderate Olive Brown (3Y 4 4)
diageneticly altered shaley imestone. Small —
clayv mud filled vughs. Vertical fracture at
D6.7 25.6't0 26" 1056.8 I : I B
Yellowish Gray (5 7.2) to White (N9} I | 1 |
fossiliferous hmestone with Pale Olive (10Y T
0 2 to Light € (N7 clay filled vughs |
and drapes. Dark Yellowish Or YR 1 7
60} 1o Moderate Brown (5YE 3 4) staining. I [ I
Wertical fracture at 27 5" to 28 I —
[T
P& 7 1054 8 b
Limestone with Medium Light Gray (N6} I I 1 N
clay drapes and filled vughs inclusions. 1
More abundant at top (0.8 with Dark |
Yellowish Orange (10YR 6.6} staining. [ 1 7
Bottom (.7 15 a transition zone that I I T
grades i_nlo a Greenish Gray (3G 6/1) silty I 30 —
shale with abundant carbonate filled 1
bioturbation toward the top (047 of the [ E
: o0 Z0ne. ] | [
[ 1 I
[
1 4
I
[T
T —
[ T
I
[T 7
I
[T —
I
1
337 1049 81 7
Lawrence Shale: Greemish Gray (3G 6/1) % 94 |
silty shale with faint streaked bedding ?
More resistant silty to very fine sand $—.~ E
streaks lenticels stand out from the core § q I |0.34] 48.55 1
giving a nbbed appearance. Thin to very ]
thinly bedded. $3(; F35
7794 1
§ q
Remarks: -I'm.plcum. Ir;q\n.- s::l:' JAR INDEX
Jate Staited: 06290 egrades into pile of flakes or mud
Hole = 1. near Pleasant Grove, KS in Douglas County. Dinte Completed: 06/20/04 E']‘}"J“ les into pile of flakes or mud

anl suall pies

CaCO3 %

Slake Tpe 3 Rel
snall fragments.,

exchunely

High to hedinn Dugability -~ 35%
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Se0L0GY

NEPARTMENT OF

Kansas State University

Project Number: 39-23 K-7888-1]

Project Name: Realignment of Hwv, 39, south of Lawrence. KS

B89

1024.6

s into churned shale with bivalve
with no carbonate concretions lenses.
sh Orange (10YR 7 4) dense hard
limestone with clacite filled bioturbation at

§ o0 —

Site: Pleasent Grove. K8 in Douglas Countv
P ation: 10833 S . - i
Surface Elevation: 1083.5 FIELD DATA LABORATORY DATA
Location: Sta. 306 + 36 200 Rt 50 2 .| o= 2
] = & E . = =
= £ a |z | 2| % |z =
E = o =2 =y = = | B 7
Material Description = v & - — = S| v
of core. Some \\nnd\ plant debris 1s
smooth, s i
10034 8|
red maroon
N AContinued Next P
More 1 ant Medim Light Grav (N6 to
i i Grav(3GY 6'1) paleosol with root
50.0 s and angled shear planes with
r kensides at 48 (30"} and 48 4" (- 30,
Grades to more clay-rich paleosols v
abundant irregular fratures (shrink swell
deccication). Columnar ped structure
Similar paleosol as above (irregular angled
fractures). Pale Reddish Brown (10R 34}
oxidation along fractures at base. Becomes L hizal o N
more resistant towards base with sharp o E
32.() contact.
31345 56.84 2

Remarks:

Hole = 1. near Pleasant Grove, kS m Donglas County

Drate

Completion Depil

Drate Completed: 052004
Divilledd By
Logged By:

JAR INDEX

ek 0/ 2008 i
tarted: 1 des inte

4 Breaks slowly

Shlie Type 1: Refained pieces virally nclionged
Shke Type 2: R

Shke Type

3.Breaks slowly
change

e naterial consists of lage

saks rapidly
3 Breaks rapidly

pile of flakes or mud

and'or forms many chips

andl ‘or forms few chips

and ‘'or develops several fractures
and ‘or develops few fractures

anul snall pieces

CaCO3 %

3 Retained waterial is exchsively
siall fragents,

High to hlednun Durabalry - 35%
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DEPARTMENT OF

Kansas State University

SEOL0GY

Project Number: 39-23

K-T888-01

Project Name: Realignment of Hwv, 39, south of Lawrence. KS

1006

Site: Pleasent Grove, KS i Douglas County
1 2
1083.5 FIELD DATA LABORATORY DATA
g =
Loeation: Sta. 306 + 36 2000 Rt w 2 . z = 2
= = % P & =5+ =
g £ | 5|2 Z |z %
Material Description ~ @ B | = A ~ | &
0.2 650,27 (0.2 thick) with sharp basal contact,
Contams aundantly horizontal tured i
0.9 Medium G '{NS_} zlnd_ Brown
7 3YR 4 1) shale wath shcke
\ to a finlev interlaminated N
thick } with sooty coal lamin; .
Verv fine to fine wavy to lenticular bedding 7
of coal organic rich (sootv) lavers with
Medium Bluish Grav (3B 317 to Light Grav —
(N7 mud at top (0.3, Grades to thin wavy
bedded Greemsh Gray (3G 6.1) shale that 1s E
tinelv mottled Brm\'msh Grav (5YR 41}
Leafy plant fossils and other plant organie -
debns,
211 [ 6375 2
.2 1017. 7
Mcd]ll]n Gray (N3} to Greenish Grav (3GY |
\ ated shale with plant leaty
Abundant fractures along honzontal
bedding plane. Some areas with lenticular ]
to tlaser bedding towards the bottom
177 Soft weak clay rich zone at -65.6 and - 66.5' 10158 ——- .
\ 01" thick ). Plant and root fossi = -]
Medium Gray (N3} to Medium Dark Gray - -
(N4 shale with thin lenticular to streaked o
bedding with White (N9) very fine sand to r . 4
8.7 ilt lenticels. Few areas with flaser bedding. 10148 =
H Verv thinly laminated and fractures along e
he ital bedding plane. o
ilar to above but with more lenticular Ry
bedding with few areas of flaser bedding. |~ T
Micaceous with few organic debris. Few :pmm: 15|38 7142 |
areas with dense hard ronstone bands 70
(cementation) and concretions.  Soft weak F o o
clav rich zone at 71.6' (0.2" thick). Sharp iy .
basal contact, |
[l —
AN
™
A |
—
NN
e el

Remarks:

Hole = 1. near Pleasant Grove, KS i Douglas County,

BORING LOG LAWREN-1.GPJ KANSAS STATEGOT &

Completion De

Drate Started: ©
Diate Completed: 06/20004
Dmlled By

Logged By:

JAR INDEX

I Degrades into pile of flakes or mud
2 Breal
3. Breaks rapidly and or forms few chips

4 Breaks slowly and or develops several fractures

apidly and o forms many chips

Slake Tvpe I Retained pieces vir .ll\ el
Slake Type 2

T’er i 1
omd stoall pi
Slake Type 3 Retained s
suall fragine

5. Breaks slowly and or develops few fractures
6.Mo change

CaCO3 %

Higlt o hlednun Dnrabdhiee - 35%
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DEPARTMENT OF

tjE“lﬂﬁY Kansas State University

Project Number: 359-23 K-7888-0]

Project Name: Realignment of Hwv. 59, south of Lawrence. KS

Site: Pleasent Grove. KS in Douglas County

Surface Elevation: 10833

FIELD DATA

LABORATORY DATA

Hole = 1. near Pleasant Grove. KS in Donglas County.

Dxate Stor
Drate Con

Dilled By:

=
Location: Sta. 306 + 36 2007 Rt " . = 2
= o = = e
2 g | = £ 2 o
o | £ 3 e 5= 2
3 L b =y = = = ] “
Material Description = = = = = 7=
Fo
-
72.6 10109 = o A
Gravish Black (N2} to Black (N1} sooty coal
bed with few root traces. Thin mud interbed —
toward top (- 00.1" thick) . Grades mto
carbonaceous shale with sooty coal i
material debnis, Grades to shale with i
740 plant organic debris. Gradational contact at 1009, ]
base. b=
Greemish Gray (3G 6/1) silty churned shale $_‘ B
with plant organic debris and Moderate § &
Yellowish Brown (10YR 54 to Dark 9.
Yellowish Orange (10YR 6.6} oolitic § 75
ironstone concretions (2Zmm-3"). Bottom ? <
contains isolated. thin sandy streakes and $“ I | 16| 8519 1
becomes darker - Medium Dark Gray (N4 ). ,?> =
9 |
77.0 I(}[]().?'}eﬂ?juc |
Abrupt sharp transition to Medium Dark o
Grray (N3 heterolithie shale with well e
preserved lenticular bedding of \\"hihl: (N9 L 6 |44 8082 |
aish Gray Rl
ironstone banding cementation. [l
Hhﬁ hﬁh _
| Y
| |
79.2 100437
Silty. micaceou shale with abundant black -
organic particles, Soft sediment deformation
and slur\'c_q sunken ripples (load structures) 6 las| 023 |
present. Good r ant core with .
BO4  gradational basal contact. Minor amounts of 1003.1f- - —
very fine sand. ST B
Mediwm Grray (N3} 1o Medm Dark Gray L
(N4} heterohthic. micaceous shale with | - —
abundant lenticular bedding and minor A
amounts of flaser bedding. White (N9) to o _
Very Light Gray (N8) very fine sand to silt b o
lenticels. Few areas with deformation load L ]
structures o~
R
n-"“-’_\-l“‘- i
"m\ﬁh"-‘.
-~ -] -
B3.5 100"~ |
Remarks: Completion Deplli 55,2 JAR INDEX

ted: 06/29/04

ipleted: G620

ke Tuy

Tvy

Slake Tvy

pe 1 Retamed pieces virtually nne

Fetamed ol consists o

hange

| Degrades mto pile of flakes or mud

and o forms many chips

3. Breaks slowly and 'or develops few fractures

ol small pi

CalCi3 "y

pe 30 Retomed Al is exclusively

Higly to Medinn Douability — 35%,
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Project Number: 59-23 K-7888-01]
NEPARTMENT OF
- - ~ H 5 . B . - . e
o ""_“ 0('Y Kansas State University Project Name: Realignment of Hwv. 39, south of Lawrence. K8
AL,
Site: Pleasent Grove. KS in Douglas County
ce Elevation: 1083.5' :
Surface Elevation: 1083.5 FIELD DATA LABORATORY DATA
. s a ' ] z
Location: Sta. 506 + 306 200" Rt w z sz lz|2|=E 3 z
e =T s | S| 3| =z |E5)| 3 g |
=2 = 2 E = a ] g5 = 8F ]
= |E£| E |a|E|=2|=2|5|58|:2 == | =
. - k] z £ S|E| 2| 2| B |25 2 = z
Material Description < = “ M- al a E == z
4 Micaceous and organic rich silty shale with 990 1| - —
© soft sediment deformation and sunken N iSava: N
\ ripples (load structures) at 83.5' 10 - e
844" Continned Next Page T 85 —
Much thinner interlammations cor AUy L)
lenticular to pinstripe bedding with AUy
%37 amounts of flaser bedding. Fractures along 9978 = T
\ shale and sandv lenticle interface. f—
K62 Sandy shale at 857 to 86.2" with White 997 P |
n, (N9 starved npples load structures. |
Sumilar heterolithic shale with thin — -
lenticular pinstripe bedding as above. r
Micaceous and organic debns present. e
e R .
VN ] 51 3 |7038
—
™ =
R
- ‘ﬁm‘f |
K8 2 9953
90 —
05 —|
Remarks: Completion Depllic 882 JAR INDEX
Drate Started: O6/29/04 - A
~ e Y | Degrades into pile of fakes or mud
Hole = 1. near Pleasant Grove. KS m Douglas County. ]_)“.k Conpleted: 06/2014 P pid]yr;ndlnr [.un“slmm.\_ chips
Drilled By: AP pidly and or forms few chips
Logged By: 4B [y and ‘or develops several fractures
Slake Type |: Retained pieces virtually w 5 Breaks slowly and or develops few fractures
Slake Type 2: Retamed material cons Ze & Mo change
and sl piece: - —
e siall pieces I CaCO3 %9
Slake Type 3: Retamed matenial is exclusivel
sl fragments, Higlhe 1o Bedinn Durability - 339,

BORING LOG LAWREN-1.GPJ KANSAS STATE.GDOT 51/08
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Site: Pleasent Grove, KS

in Douglas County

Project Number: 39-23 K-T888-01
DEPARTMENT OF
fl:sl'loﬁy Kansas State University Project Name: Realignment of Hwy. 59, south of Lawrence. KS

Surface Elevation: 1083 5 FIELD DATA

LABORATORY DATA

Location: Sta. 506 + 36 2000 Rt

ng

Ciraphic Lo
Depth (fty
Sample Tvpe
Moisture o

ROD

Material Description

Liguid Linuit
Plasticity Index
Compression

Plastic Linut

Tar Index
Cal™03 "

Slake Durability

Slake Tvpe

Same as above but with more areas with
streaked starved bedding downward of Light
Olive Gray (3Y 6/1) to Very Light Gray
(N8} fine sand silt. Sharp contact at base.

142 1069.

Leavenworth Limestone: Top (0.2"1s same
black shale as above with a sharp contact at
base. Verv Light Grav (N8) 1o Med
Giray (N3} fo us limestone with long
caleite filled vertical fractures. Pale
Yellowish Orange (10YR 86} staining
Sharp contact at base.

[
|
[
I
I
I
I
I
I
16.2 1067 31
Snyderville Shale: Pale Olive (107 6 2) 1o
Grreenish Grav (3GY 61 ) resistant { few
fractures) paleosal with root traces.
Soft weak (clay rich) zone with irregular
fracture (caleite filled )y at 17 (001" thick ).

18.4
Same paleosol as above but with sparse
White (N9) powdery carbonate coneretions
that merease downward. Bottom (0.6

abundant carbonate concretions zone { lmm
- '}"1

2.9

Greenish Gray (3G 6'1) paleosol with
abundant White (N9} carbonate concretions
{lmm - 1"y

P40 B
Remarks: ,I;»,r :r.clm I]'JinI::D|;1l_‘_s- JAR INDEX
ate slarted: (R - . .
. - De 2 into pile of flakes o d
Hole =2, near Pleasant Grove, KS m Donglas County. Diate Completed: 063004 I\R = lc? ”i:““_rf:ll‘:l ‘Lr:.:::; 1:::‘ diips
2. and or forms many chipe
Drilied By 3 Fireaks rapidly and 'or forms few chips
Logged By: 4.Breaks slowly and 'or develops several fractures

Slake Tvpe | Retaived pieces virmally vachanged.

Slake Type 2 Retained nitersal conssts of lags
el suall pieces

3. Breaks slowly and or develops few fractures
o.Mo change

CaC(13 %

Slake Tyvpe 3: Retained matersal is
small fragients.

BORING LOG LAWRENCE SHALE 1.GPJ KANSAS STATE.GDT 4/28/08

High to hMedinn Ducability - 33%
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BORING

]

BORIN

APPENDIX B-2: STATION 506+36, 200’ RT CL - DEEP HOLE # 2 - DH2

Project Number: 39-23 K-T888-01

NEPARTMENT OF

:;:il'loGY Kansas State University Project Name: Realignment of Hwy. 539, south of Lawrence. KS

Site:  Pleasent Grove, KS in Douglas County

Surface Elevation: 10835 FIELD DATA LABORATORY DATA

Location: Sta 500 + 36 2000 Rt

Plasticity Index
Slake Durabiline
Slake Type

Moisture %o
Laquid Lt
Jar Index
a3 %

ROD

Material Description
Greenish Grav (3G 61 paleosol with
abundant White ( N9} carbonate coneretions

pyo (Tmm-17. 1058 E =]
Same shale as above but with much more — 25—
hs 5 weathering staining of Pale Yellowish 1058 05
Orange (10YR 86) o Light Brown (3YR —— 7
56).
Q6.1 Same stained shale as above but more 1057, —
| resistant and contains small Gravish Yellow
een (3GY 7 2) clay filled vughs rooteasts.

a
Toronto Limes ]
Yellowish Grav (3Y 7 2) fossiliferous
limestone with Dark Yellow g
(10YR 6:6) staining. Few small clay filled
vughes at top. Few bogenic traces.

D88 10547
Same fossiliferous limestone as above but

with no vughs. More biogenic traces and

staining downward. Grades at base.

|

338 1049.7]

JAR INDEX

Remarks: Completion Depily
’ Diate Started: (563 . " -
. . . 1. Degrades into pile of flakes or mud
Hole =2 Pleasant Grove, KS in Douglas County, Date Completed: 5630004 cerdes into pile ¢

s rapidly and 'or forms many chips

Drillad By: and ‘'or forms few chips
Leged -
s i o develops several fractures

e Tvpe 1: Retai
Tvpe 2 Retained naterial consists of lnge
aned sall pieces

ol pieces virmally wclanged | 3

s slowly and or develops few fractures

CaC03 %o
Slake Ty edd naterial is exclusively
amall fragmen Higlh to Medinn Duability - 33%
' CaCO3 %
Slake Tvpe 3: Retained matersal is exclnsvely
amall fragments Higlh to Medinn Duability - 33%
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DEPARTMENT OF

£
l

L0L0GY

Kansas State University

Project Number:

39-23 K-7888-01

Project Name: Realignment of Hwy. 39, south of Lawrence. KS

Site: Pleasent Grove, KS in Douglas County

Surface Elevation:

Location: Sta. 50

16+ 36 21

Materia

39.5

[

Lawrence Shale: Pale
dreenish Grav (3G 61 ¢
wregular "pockets” of fin
structures?), Slightly res:
bedd arved nipples. |
irregularly shaped pocket
churning bioturbation, M
lenticles stand out from tl
ribbed apperance. Mino
bedding. Some Dark Yel
(TOYR 6:6) staining arou

ch

Fart)

Verv soft weak clav
thick }.Contined Ne:

Less resistant Medium Li
Medium Gray (N3} shale
fine sand to silt streaked
Deformed lenticels due tc
Abundant horizontal to s
Soft weak clay rich zones
fractures at 39.5'(-0.2'1
thick ), 40,97 (~0.1" thick)

Same shale as above but
mdurated r ant with {
streaks. Very thinly lami

H7.3

Medivm Light Grav (N6
Grav (N4 L and Moderate
to medium platy ped
and plant debns. Ci
with sootv coal spars ¢

Rem:

LM

Hole =2, near Pleasant Grove,

10083.5

BORING LOG LAWREN-1.GPJ KANSAS STATE GDT 5M1/06

FIELD DATA

LABORATORY DATA

NEPARTMENT OF
Kansas State University

SEOLOGY

Project Number: 59-23 K-7888-0]

Project Name: Realignment of Hwv. 59 south of Lawrence. KS

Site: Pleasent Grove, KS in Douglas County
‘ation: 1835 - - - .
Surface Elevation: 1083 2 FIELD DATA LABORATORY DATA
Location: Sta. 306 + 36 2000 R - 3 A
ocation: Sta. 306 + 36 200" Rt 2 N E 2
2 | p P =
2 = E] =
£ | £ a | £ =
. . g | F > |z Z
Material Description = - = -
1 Bedding becomes inclined (- 1), Organic
734 10101/~ ——1
3 g Black (N1} glossy to vitreous. sooty and 10097 i
7 bittle coal seam, Low density and sharp ’
\ contact at bas 3 —
Medium Light Gray (N6 churned shale to '?: ]
weak paleosol with organies plant debris § < 1| .74 ] 19.02 2
near top {black) and root traces. Gravis .;’
Red (3R 4 23 to Dark Yellowish Orange 175 —
532 - = = . 2
52 (1OYR 66} root casts and traces. Pedogenic 1008.3 f‘ 9
s. _ froq
1 Grav (N7 1o Greemsh Grav (3G 61) =
lithic shale with thin lenticular to b~ d
streaked bedding. minor amounts of flaser L
bedding. Bedding is faint at the top and -
becomes more abundant downward with NN 7
(very thin and long) White (N9 very fine RN
sand to silt lenticels. ht disturbed F e~ d
bedding toward top. Sparse. very fine oolitic L
ironstone concretions (weak pa|mnsul'_‘1 - -
NN
""J‘-I“J‘-
NG 4 [1.02] 8045 | 1
-whﬁmu
"‘Lﬁ‘f:,u
-
7o.2 L0043 -~ 4 7]
av (3Y 61 to Light Grav e |
(N7} micaceous sandv shale with black -
organic particles. Top (0L.6" contains
hard dense White (N9} sandstone. with soft 1
sediment deformation due to slump or .
bioturbation. Bottom s sandy shale with - 1
ed ripples (load 1002.677 2
| I | -
e
VAN
-] 4
"‘J‘J‘w‘..
B -
NN
deformation and orgamc-rich (black) ReUNe
laminae, |~ -] ] s 13.01] 7549 |
T ™
833 10002~ ]
N 4
e
VAN
—

2. near Pleasant Grove, KS in Douglas County.

Completion Deptl:

JAR INDEX

Drale Started:

1. Degrades mto

ate Completed: O 2 1
Date Completed: 05 2 Breaks rapidly
Diilled By 1.Breaks rapidly
Logged By:

4 Breaks slowly
3 Breal
. Mo change

Type 1= Retamed pieces virtually ichanged |

slowly
Blake Type 20 Betamed

pile of flakes or mud

s and or forms many chips
s anl or forms few chips

e or develops several fractw
and or develops few fractures

il sl

CaCO3 %

Slake Type 3: Retained

Higlh to Medinan Dhoabality

35




BORING LOG LAWREN-1.GPJ KANSAS STATE.GDT 5106

NEPARTME!

SE0L0GY

T OF
Kansas State University

Project Number: 39-23

Site: Pleasent Grove, KS

K-7888-01]

Project Name: Realignment of Hwy, 39, south of Lawrence, KS

in Douglas County

Surface Elevation:

10835

Location: Sta. 300 + 36 200" Rt

FIELD DATA

LABORATORY DATA

Sample Tvpe
Moisture %o

ROD

Diepth ifty

Index

Compression
Slake Durabilite

Jar Index
a3 2y

Pla

Slake Type

12.9

Material Description

ar heterolithic shale
much finer thinner lenticu sty

bedding. Some cross bedding seen i the
few larger lenses present.Contimied Next

Page

oo

ERIEC

Medium Light Gray (N6 silty sandy.
micaceous shale with black organic
particles debris. Some biogenic traces
toward top. Micaceous sandstone at 93.1'
(0.5 thick) with soft sediment deformation
of sunken starved npples (load structure ).
Same siltv sandy. micaceous shale as above
with black organic debris and plant
fragments. Organic debris and mica
decrease downward.

9893

7747

8418

Remarks:

Hole =2, near Pleasant Grove, K51

Completion Deptl: 1025
Drate Storted: 00/30/04

Dt Conpleted: (63004
Drilled By
Logged By:

JAR INDEX

1. Diegrades mto pale of flakes or mud

2 Br apidly and or forms many chips

3 Breaks rapidly and or forms few clips

4. Breaks slowly and or develops several fractures

: Retamed pleces vi
2: Retained material cousists of kuge
anil sl preces

Slake Type 3 Retained material is exclusively
swuall favmients.

3. Breaks slowly and or develops few fractures
&.MNo change

CaC3 %y

ER

High to Mledivan Durability
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NEPARTME!

LOLOGY

[
A

T OF
Kansas State University

Project Number: 39-23 K-T888-01
Project Name: Realignment of Hwy. 39. south of Lawrence. KS

Site: Pleasent Grove, KS in Douglas County

BORING LOG LAWREN-1.GPJ KANSAS STATE GDT SM/06

Remarks:

Hole =2, near Pleasant Grove, KS in Douglas County.

Surface Elevation: 10835 FIELD DATA LABORATORY DATA
Loeation: Sta. 306 + 36 200" Rt w 2 I T =5 § 2
:lel| g HELE Zilglc| e <
2 0z| 2 2|2 2|2 |EE|2|28| 53| £
£ i g =z | 2 2| 2|25 |55 2 ]
Material Description ~ = i = e i e B Bl -
Same silty sandy. micaceous shale as above —
with black org debris and plant o J
fragments. Organic debris and mica — -
decrease downward Continned Next Page T
7.7 b
8.0 r to above shale but hittle orgame |
debris and less mica. ) — -
More indurated Light Gray (N7) to Medium ..
Girav {M3) shale with areas of abundant M T
mica and organic debris: becomes more -
sandyv downward.
] 4 |35 8003 1
R
100.4 9831 ]
Medium Light Gray (NG heterolithic shale A T
with mostly very thin fine lenticular o
bedding. Minor amounts of flaser bedding. Iy
Abundant mica and black organic particles. R
- J‘.- A
\/“,‘-\f‘“
| | —
™
1028 980.7 |
105—
Completion Deptli 1025 JAR INDEX

Dl Stamteck: G630/04
Drate Conpleted: 06/30/04
Dmilled By:

: Retained pieces virtally nnclianged,

- Retamned matenal consists o

1. Diegrades into pale of Makes or mud

2 Breaks rapidly and 'or forms many chips

3. Breaks rapidly and or forms few chips

4. Breaks slowly and or develops several fractures
3.Br lowly and or develops few fractures

. Mo change

anl pleces

3 Retained meterial is exchisively

CaCO3 %o

High to Medivan Dhrability — 33%
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DNEPARTMENT OF
Kansas State University

SLOL0GY

Project Number: 39-23
Project Name:

Site: Pleasent Grove. KS

K-7888-01

Realignment of Hwy. 39_ south of Lawrence. KS

in Douglas County

Surface Elevation: 0835

Location: Sta. 306 + 36 200 Rt

Material Description

FIELD DATA

LABORATORY DATA

Giraphic Log
Diepth (1)
Sample Tvpe
Moisture %o

ROD

prEssion

Ligquid Linut
Plastic Limit
Plasticity Index
Jar Index
Calod %
Slake Durability
Tidlex

Slake Tvpe

Same green shale as above but without
carbonate concretions, churned bedding
with bivavle fossils. Continned Next Page

2.3

il

]

W
N N N
‘-

Yy
|

1021.2

Top 0.1" 15 interlaminated coaly sooty
material that grades to Light Gray (N7) to
Medium Dark Gr. av (N4} and Greenish
(.ru\{J(- 6 I ) thll'llbd shale (weak

£V

My

)
|

“y

1020

!
a5 (N4 1nd Brownish L-ra\ (SYR 4 | }hml\

mottled silty churned shale with abundant
plant and leafy matenial debrnis. Gravish
Orange (10YR 7 4) limestone interbeds
(discontinous erosional?) at 33 3" (-0.1"
thick) and 641" (0.2 thick wath black plant
debris) - both Ls. interbeds have sharp
contacts (undulating bottom ).

il

10196

ENY

63—

At

Al

Finelv mottled Me
Gireenish Gray (5C
Discon
limestone interbed at 64.6"(—0.1" thick ).

Lose motthing downward and becomes more

67.5 sandy silty.

ENY

At

160

i
1

BORING LOG LAWREN-1.GPJ KANSAS STATE.GDT 5M1/06
—

Heterolithic shale with lenticular and some
flaser bedding. Medium Dark Grayv (N4)

shale with White (N9) to Verv Light Gray
(N8} fine sandy lenses. Mostly very finely

8.0 edded.

S W W Wy W W

Th N W W W AN W D W W W A
af

7
L

K
?sss

7S
§

1014.4

o " More resistant sandstone with mud drapes

TOTF0):
1014 4

i't and 691" (~0.1" thick).
Heterohthie shale with lenticular and some
‘)-4 flaser bedding. Medmm Dark Grav (N4)
shale with White (N9} to Verv Light Grayv
(N8} fine sandy lenses. Mostly very finely
bedded.

TOT4
1014,

More resistant sandstone with mud drapes

and 691" (0.1 thick ).

Heterohthic shale with lenticular and some
flaser bedding. Medium Dark Grav (N4)

L4 shale with White (N9} to Verv lehl Gray
(N8} fine sandy lenses. Mostlv very finely
bedded.

1012

79.51

(%]

A48 | 37.16

67.5

[

[

Remarks:

Hole =2, near Pleasant Grove. kS m Dounglas County.

Completion
Drate Started:
Drate Completed: O0/3004
Dhillec By
Logged By:

JAR INDEX

1. Degrades into pile of flakes or mud

2 Breaks rapadly and or forms many chips

apidly and or forms few chips

4. Breaks slowly and or develops several fractures

Slake Type 1@ Fetamed preces vrtually inclianged)
Shake Type 2 Retained titerial consists of lage
il sall pisees

3. Breaks slowly and or develops few fractures
4. No change

CaC03 "

Slake Type 3: Retained material is exch by
sl fragients.

Higl to Medinn Durability - 33%
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BORING LOG LAWRENCE SHALE 1.GPJ KANSAS STATE GDT 4/26/06

Project Number: 39-23 K-T888-01

NEPARTMENT OF

fj:sl.lﬂﬁy Kansas State University Project Name: Realignment of Hwv. 39, south of Lawrence. KS

Site: Pleasent Grove. KS in Douglas County

Surface Elevation: 10835 FIELD DATA LABORATORY DATA
- - b =
Location: Sta. 506 + 36 2000 Rt ® 2 el E- s £ 2
- F = " -] B -_. g'g - o i =
g e £ S| 2| 2|8 | Z|35|2 || 2 =
. . £ 2 : = = = = = B 5| E “#
Material Description o = 7 i = = &= = || ST &

H8.3  Gravish Green (3GY 61 to Medinm Gray 10352
(N3 ) paleosol with top 0.5 resistant and the

rest weaker with regular fractures. Bottom

0.2" Gravish Red Purple (3RP 4 2) oxadized

paleosol Continted Next Page

Same Gravish Red Purple paleosol as above

and mottled Greemsh Grav (3GY 611 1033
Medmm Light Grav (N6 ). and staned root o
traces of Moderate Yellow (3% 7 6) to Dark

Yellowish Orange (10YR 6.6}, Some

biogenic traces. Angled (407} shear plane

with slicks at 49"

Grades to Greemish Gray (3G 61 angular

blocky paleosol with Light Olive Brown (5Y

5.6 oot traces.

bo 8 I o424 83

=0
el
L
=

Pale Yellowish Green (10GY 7 23 to Light
Greenish Gray (3G 8 1) silty shale with
White { N9} carbonate inclusions { 2mm-3"}.
Near base inclusions are replaced by few
White (N9) powdery carbonate

coneretions zones. Minor amounts of
lenticular bedding near base. Bivalve fossils
and biogenic trace fossils.

IR R B *. | -I |

2 1013 2508

[}
n

58.0 10
Same green shale as above but without

carbonate concretions. churned bedding

with bivavle fossils,

§ - <r(\U —

Remarks: Completion Deptle 1025 JAR INDEX
Diate Started: 630004 £ : :
. . . 1.Degrades into pile of flakes or mud
Hole =2, near Pleasant Grove, KS m Dounglas County, ate O cted: ON/30H
¢ : Diate Compleled: 3004 2 Breaks rapidly and or forms many chips

Cilad By: 3 Breaks rapidly and or fonms few chips
Logged By: 4.Breaks slowly and or develops several tractures
Slake Tvpe 1 Retained pieces virtually wiclonged | 3 Breaks slowly and or develops few fractures
Slake Tvpe 2: Retained material consists of lavge 6.Mo change

anel suall pieces —

CaC(3 %

Slake Type 3: Retained matenal is excl b .

amall fragments High to Medinn Dability -~ 33%
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APPENDIX B-3: STATION 512+00 CL - SOYBEAN FIELD AT TOP OF
HILL -SF1

Project Number: 39-23 K-THES-0]
DEPARTMENT OF
LT ) - i i . . . - . e
f‘:jl.!J“GY Kansas State University Project Name: Realignment of Hwv, 39, south of Lawrence. K8
Site:  Pleasent Grove. KS in Douglas County
ETY ~ation: 18 S - - . .
Surface Elevation: 10823 FIELD DATA LABORATORY DATA
P
Location: Sta. 512+00 Le @ % " 5 :é <z A 2
2 | € % g Iz |Ei|s|2 P
S22 |22 z|Z|55|2|8 z
z 2 | E 2| 2|25 || ® 7z
Material Description & = “ L = = = |l =t ]1=1%
Mantle
E.0 1080.5] |
Plattsmouth Limestone: Yellowish Grayv I I I
(3Y & 1) and Verv Light Gray (M#) |- d
hard dense weathered limestone [
(broken blocky . stamed Dark Yellowish [T _
Oragne (3YR 6 6) 10 Medium Yellowish I I I
Brown (10YR 343 Some {ossils T
3.7 treervstallized by caleite). Top 1.2" contains 10788 T T T
vughs: caleite lined vagh at 2.7 (- 0.15' |
wide). -
Same weathered limestone as above: more
massive toward base of core. 4
7.7 1074, T
Less weathered mestone. more massive, _
3.7 1073, T
10 Same limestone as above. but thinly bedded 1073, _
brown to Gravish
] d shale: Light Gray T
] 1o.p (N71to Medium Dark Gray (N4) fresh 1072
FI color. Stained Dark Yellowish Orange ' —
é (YR 6 6) with black oxidized spots
i (Mn?}). Shells present. [ - -
E 107 Darker and firmer shale: Medium Gray (N5) 107184
7] to Medium Dark Gray (M4) shale with Pale —
g Yellowish Brown ( I0YR 6 2) weathered
z bands at 11.7°(0.1" thick)y and 11.9 (0.1 i
2 thick).
220 Darker and firmer shale: Medium Dark Grayv 10705 ——-
& -
iy
E
Z| Remarks: Completion Depll: 72.5' JAR INDEX
w . Date Started: 110204 | Degrades into pile of flakes ar mud
&) wst come bean ficl > Conpleted 20 o S
& Narthwest comer of soybean field Diate Counpleted: 11/02104 2 Breaks rapidly and or forms many chips
© Drilled By: Jan Buris 3 Breaks rapidly and or forms few chips
Z Logged By: Randy Billger 4 Breaks slowly and or develops several s
@ Slale Type | Retained pieces virhally nuclanged)| 5 Bre slowly and'or develops few fractures
9 Shlke Type I .‘;:\iumlunu\m il consists of bage 6.Mo change
% I - ) Ml small preces ) CdC()“ D0
= Slake Type ¥ Retained matenial is exch b
8 stall fragnents. Higly 1o Medivun Durobality —~ 35%,
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DNEPARTMENT OF
Kansas State University

SE0L0GY

Site:

Project Number: 39-23 K-7888-(01]

Project Name: Realignment of Hwy, 39, south of Lawrence, KS

Pleasent Grove. KS m Douglas County

Surface Elevation: 10825

Location: Sta. 312+00 Le

Material Description

FIELD DATA

LABORATORY DATA

Graphic Log
Sample Tvpe
Moisture %o

Diepth ifty

ROD

X

2
P

Plastic Linut
Unconfined
Compression
Jar Index
a3 2y

Slake Durabilite

Index

Slake Type

(N4) to Dark Gray (N3) shale.
Darker and dense hard fissile shale with
high organic content {carbonaceous). Dark
Grav (M3 1o Gravish Black (N2) shale with
very thin ( 1-2mm) ervstalline gypsum
mterbeds lenses from 10.6"t0l1", Lenticular
13.7 s 1 ses of fine silt) be ear base
of core. White (N9 to Verv Light Gray
(N8} sandyv zone (-0.1" thick) that is wany
bedded at 13.4°
Same dense. black (carbonaceous). fissile
shale as above. but with no gvpsum
rheds lenses. Abundant honzontal
fractures. Sharp contact at base. Verv
minor amounts of lenticular bedding (single
thin lenses), Sandy interbeds pillows at
1420001 thick s, 1487 (0.1 thick ). and 155

C 00" thick- wanv).

10688

10674

Leavenworth Limestone: Verv Light Grav
(N8) to Medium Light Gray (N6} thickly
bedded and hard dense fossihferous
hmestone. Some Dark Yellowish Orange
(10YR 6.6} stiuning. Sharp contact at base.

Snyderville Shale: Greenish Gray (3GY

G 1) to Medium Bluish Grayv (3B 5'1) firm
182 calcareous paleosol with a shear plane (with

shicks)at 1 7.8 (407). Root or burrow trace.

Same Greemsh Gray (3GY 6'1) firm
paleosol. with root burrow traces. that
becomes more green (Greemsh Gray 3G
61y downward. Irregular fractures and
shear planes. Angled shear planes (with
sheks)at 1847257 197 (457, 192

(407, White (N9 caleitic coneretions
appear toward bottom of core. White (N9}
powdery caleitic zones at 209" (015
thick). 21.9" (- (11" thick).

231

Remarks:

Northwest comer of sovbean field

BORING LOG LAWREN-1.GPJ KANSAS STATE.GDT 5106

Completion Deptl: 725

JAR INDEX

Drate Storted: 110204
Dt Conpleted: 1102404
Drnalled By Jin Banis
Logged By: Rmuly Billngzer

Slake Type 12 Retamed pieces virmally inelionged
Slake Type 20 Retamed material consists of kge
andl small pleces

Slake Type 3 Retained material is exclusively

1. Diegrades mto pale of flakes or mud
5

pidly and or forms many chips

3 rapadly and or forms few chips

4 Breaks slowly and or develops several fractures
3. Breaks slowly and or develops few fractures
&.MNo change

CaC3 %y

swuall favmients.

ER

High to Mledivan Durability
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BORING LOG LAWRENCE SHALE 1.GPJ KANSAS STATE GDT 4/26/06

NEPARTMENT OF
Kansas State University

SLOLOGY

Project Number: 39-23

Project Name:

K-7888-01

Realignment of Huv. 59, south of Lawrence, KS

Remarks:

Morthwest comer of sovbean field

Diate Started: 1102704
Drate Connpleted: 1102004
Dovilled By Jan Bums
Logged By, Koy Billinger

Site: Pleasent Grove. KS in Douglas Countv
Surface Elevation: 1082.5 FIELD DATA LABORATORY DATA
A =
Location: Sta. 512+00 L¢ = 2 slzlel 2= E 2
— = = s | E|E|Z |2 el Es =
Material Description 5 8 # 2|l =2 |2 | B2 | &= S| S| F
Same C<I|Cltlc paleosol as above with shear
343523745 and 24 4
v: Bottom 1" becoming
more calcitic (White N9 concretions) and
052 lighter green (Light Greemish Grav 3G 81 to 1057
\ Pale Blue Green 3GB 7 2)
downward.Continned Next Page
Same calatie, siltv. paleosol as above. but
] ht Brownish Gray (SYR 61) 10563
dense hard limev inclusions. Verv
hard dense limey beds zones at 23 4' (0.1'
thick) and 239 (0.2" thick). Bottom (1.1"1s
very soft clay nich with sharp contact at
base. T
Toronto Limestone: Weathered Pale 103500 T 7 i
Yellowish Orange (10YR 8 6} dense hard [ | |
medium bedded blocky limestone with <
2.1 vughs toward the top. Stamned Dark 10344 : : I
Yellowish Orange (10YR 6/6). Shalev I
limey interbed at 27" (001" thick ) with sharp (| b
undulating contact. |
Less weathered. more indurated and massive [T —
limestone. White (N9) to Medium Light T 1 T
Grav (NG} T i
Same Light Gray (N7} dense hard. massive |
30.0 limestone as above. Shale breaks 10525 T 30 —
(0.1 thick ) and 29.9 (0.1 thick) all L 1
with sharp contacts. I | I
More weathered dense hard limestone. Top T ]
006" 15 very muddy hmestone with clay filled 1
vughs and mud drapes. Fewer vughs and | —
drapes downward. Mud break with limev [T
inclusions ( 1-3mm}at 32,1 (-0.1" thick). I I T E
Vertical (~707) fracture plane at 32.4-32.8" T
L1 —
|
[ 1T
T i
1
33.1 1049 41 -
Weahtered limestone with Dark Yellowish | I I
Orange (10YR 6'6) staining. Abundant 1 b
bioturbation (caleite filled-White N9y and I
limey sandy inclusions ( lmm-Tem ). Sharp [ 1T —
contact at base. I
34.5 140 L1 |
-? <
< J3s o
< <
$]
$:' =
Completion Depthe 728 JAR INDEX

1.Degrades into pile of flakes or mud

2 Breaks rapidly andor forms many ¢hips

3 Breaks rapidly and'or forms few chips
4.Breaks slowly and or develops several tractures

Slale Tvpe I Retained pieces virmally naclionged
Slake Tvpe 2 Retained matenial consists of lange
aned sall pieces

3. Breaks slowly and or develops few fractures
6.Mo change

CaCO3 %

Slake Type 3: Rel
Es

vedd naterial is
agInents.

High o hMedimu Dawability - 33%
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LOG LAWREMNCE SHALE 1.GPJ KANSAS STATE.GDT 4/26/08

G

BORIN

P
L |

NEPARTMENT OF

L0L0GY

Kansas State University

Project Name:

Project Number: 39-23 K-T888-01

Realignment of Hwy. 59, south of Lawrence. KS

Site:  Pleasent Grove. KS i Douglas County
e -ation: 2.5 - - o -
Surface Elevation: 1082.5 FIELD DATA LABORATORY DATA
Location: Sta. 312+00 L¢ 2 .| o= £ Z 2
= % E = « | | E =
EREE 2 R P
Material Description = = “ & = = & & sl -1 =
Lawrence Shale: Greenish Grav (3G 81} ‘; < a8 1 |0.79) 2047 | 2
I av (3B 71) shale. Top ?
v heterolithic shale with ; <
lenticular bedding (thin. single lenses of very ? |
fine sand) and starved npples. Bioturbation
disrupts the bedding and deforms the very 5‘, <
ine sand 1o silt lenticles. 33.1-36.9 firm 7
B7.8  andy greenish i e with i lfJ_I'_"?.?g‘?E
fractures (swelling = clavev).Conr =
Page ?
38.6 Same silty shale as above but with 1043.9 < .
heterolithic bedding: fant bedding at top <
that becomes more visable toward bottom. ? q ]
Lenticular bedding (smgle. flat lenses of fine 4
sand ). Flaser at bottom of core. (?3 q |
Gireemish SGY 61} to Medium Light <;J
Grav (N6} silty shale. Clay nich with $’ <
abundant irregular horizontal fractures $‘—' 40—
(swelling). Very finelv laminated with faint
N . =]
lenticular beddi sle, flat lenses). ; A
Bedding more v ard becoming $:'
lenticular wavy flat connecting lenses, f 9
Becoming more towards bottom, - .
Bottom 0.8 has low inclined bedding (- 37, c:ie: 93 2 (079125067 | 2
$79 7
h2o 103965 _
Medium Bluish Grav (3B 5'1) to Medium "?3 94 7
Gray (N3} clavey shale with low inclined ?
bedding (~37), Weak soft clay rich zone at r; < .
44244 7 with wrregular fractures ? 1
(swelling ). ? .
; <
q
< Jus
s 3 1037.2 = ¢ |
Darker shale: Medium Dark Gray (N4) to il 4
Medium Grav (N5} low inclined shale with
Dark Yellowish Orange (10YR 6.6} )
2 5 2
weathered bands at 433 (- 0.1"), 45.6' 67 3 [157] d6.33 =
Ho5 0.1 4617 (-0.1') and 46.2° (- 01" 1036,
Clay rich zone at 436 (0.3 thick) with a
angled fracture at ~30°. Sharp contact at
base with slickensides and possible root cast N
{columnar ) protruding out bottom.
0 I 143 007 3

Remarks:

Morthwest comer of sovbean field

Completion Deptlc 725
It
Date Completed: 11

Diate Started:

Drilled By Jon Bums
Logged By, Ry Bullinger

JAR INDEX

1.Degrades into pile of flakes or mud
2 s andl'or forms many clups

and ‘'or forms few chips
aks slowly and or develops several fractures

pigces vir

aned sall pieces

Slake Type 3:

small fragients

ained niaterial consists of large

etained material is exclusively

lowly and or develops few fractures

6.Mo change

CaC(3 %

High o hMedimu Dawability - 33%

92




NEPARTMENT OF

Kansas State University

SE0L0GY

Project Number: 39-23 K-T888-01

Site:

Project Name: Realignment of Hwy. 59, south of Lawrence. KS

Pleasent Grove, KS in Douglas County

Surface Elevation: 10825

Location: Sta. 312+00 L¢

Material Description

FIELD DATA

LABORATORY DATA

Girapluc Log
Diepth i ft)
Sample Tvpe
ROD
Moisture o
Laquid Lt
Plastic Limit

Plasticity Index

Compression

Slake Durability
Index

Jar Index
Cal'(13 %

Slake Tvpe

5.4

Dense hard Dark Greemish Grayv (3G 41 to

s1.0 SGY 41} hmey mudstone.

Same shale as in 38 2" Gravish Green (3G

) 5 2y sitly shale with few imestone inclusions
217 (-0.1') toward base. Top 0.2'is

QI 9 weak crumbly,

Gravish Black (N2} organic nich
{carbonaceous) shale {some sooty coaly and
vitreous areas with minor amounts of vellow
sulfur present.

Medium Gray (N5) to Mediom Dark Grav
(N4} clavey shale with irregular fractures
Soft weak matenal with woody planty leafy
debnis.

Flagey to slabby Medium Light Gray (NG)
to Medmm Gray (N3} shale with horizontal
bedding planes with abundant fractures
{poor shale). Becoming siltv to sandv at
63" Verv soft clav rich zones at
04603550 006,10 (- 0.1 66.7 (0.1
Weak broken zones at 63.8' (- 0. 1'thick ).
03.97(0.1" thick ). 643" (01" thack )

8.0

1014.55

Same shale as above core. but with lesser
amounts of soft 'clay rich and crumbly zones.
Wavy heterolithic bedding (very thinly
laminated) with White (N9) sandy interbed
and becoming finer famt downward.
Abundant fractures along bedding planes
{poor shale). Becoming sandy to silty at

700 Moderate Yellowish Brown ( 10YR
54} dense hard hmey mudstone at 71.6' (0.1
thick ).

2085

1027

Remarks:

Northwest comer of sovbean field

BORING LOG LAWREN-1.GPJ KANSAS STATE.GDT 5M/05

JAR INDEX

Completed: 1102004

Dovilled By Jan Bums

Logged By, Koy Billinger

Slale Tvpe I Retained pieces virmally naclionged
Slake Type 2; Retained natersal consists of large

6.Mo change

1.Degrades into pile of flakes or mud

2 Breaks rapidly and'or forms many chips

3 Breaks rapidly and'or forms few chips
4.Breaks slowly and or develops several tractures
3. Breaks slowly and or develops few fractures

anel suall pieces

CaCO3 %

Slake Tvpe 3: Retained matersal is
small fragients

High o hMedimu Dawability - 33%
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Remarks:

Morthwest comer of sovbean field

BORING LOG LAWRENCE SHALE 1.GPJ KANSAS STATE GDT 4/26/06

Project Number: 39-23 K-T888-01
NEPARTMENT OF
fj:sl.lﬂﬁy Kansas State University Project Name: Realignment of Hwv. 39, south of Lawrence. KS
Site: Pleasent Grove. KS in Douglas Countv
Surface Elevation: 1082.5 FIELD DATA LABORATORY DATA
A =
son: Sta 512 . . = = = =
Location: Sta. 512+00 L¢ ¥ ~ 2 slElz2|2 3 NEP z
Material Description 5 8 # 2|z |=|=|=|=2|=|Z|ZF
725 1010.0f- i
75 —
80—
Completion Depihe 725 JAR INDEX

Diate Started: 1102704
Drate Connpleted: 1102004
Dovilled By Jan Bums
Logged By, Koy Billinger

1.Degrades into pile of flakes or mud

2 Breaks rapidly andor forms many ¢hips

3 Breaks rapidly and'or forms few chips
4.Breaks slowly and or develops several tractures
Slake Tvpe 1 Retained pieces virtually wiclonged | 3 Breaks slowly and or develops few fractures
Slake Tvpe 2 Retained matenial consists of lange 6.Mo change

and sl piec

CaCO3 %y
Slake Tvpe 3: Retained matersal is
amall fragments High to Medinn Dability -~ 33%
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BORING LOG LAWRENCE SHALE 1.GPJ KANSAS STATE GDT 4/26/06

NEPARTMENT OF

Kansas State University

SLOLOGY

Site: Pleasent Grove. KS

Project Number: 39-23 K-T888-01

in Douglas County

Project Name: Realignment of Hwv. 39, south of Lawrence. KS

Surface Elevation: 10825

Location: Sta. 312+00 L¢

Material Description

FIELD DATA

LABORATORY DATA

Diepth (ft)
Sample Tvpe
ROD
Moisture *a

Liquid Limat
Plastic Linut
Plasticity Index
Unconfined
Compression
Jar Index
CaC'3 %

Slake Durability
Index

Slake Tvpe

H8.3  Greenish Grayv (3GY 6'1) to Medium Dark
Giray (N4 caleareous paleosol that gets
lighter downward (Medium Gray N3). Root
casts traces with black some black organic
debris. Weak crumbly zone at 47.2 (0.2
thick). Irregular and angled fractures (with
shicks). Shear planes at 46,97 (- 307), 47.2'
(307, 4T3 (250 4707 (407, 481
(307} and 483" (307} Continned Next Page

G

| Giraplue Log

J0.4  Same calcareous paleosol as above with high
angle shear plane at 48,5 (-407) and 49.1'
407y with slickensides. Root traces.

Grades to finely mottled Gravish Red
Purple (3RP 4 2) calearcous paleosol with
angled shear planes at 493 (307}, 49.6°
(2071 and 49.9° (207 Moderate Yellow (3Y
7.6) fine drab-haloed root traces: finely
mottled Medium Light Gray (N6 ). Grades
into a Greenish Gray (3GY 61}, Gravish
Purple (3P 4 2). and Medium Light Gray
(NG mottled calcareous with vellow
drab-haloed root traces. Sharp contact at
base.

{428

1029,

3.2 Greemish Gray (3G 6'1) ealeareous clavey
paleosol with abundant wregular and shear
tractures. Limestone mclusion lense at 495
{001y and 300 (0.1 thick ) with sharp
contacts. Shear plane at 317 (30}, 51.4°
(3571 LT (3000 519 (- 157). 32
(=500, 3227607y, 323 (0607, 324
(4071 Becoming more caleitic downward.

Grades into Pale Green (3G 7 2) to Light
Greenish Gray (3G 8 1) shale with abundant
White (N9} to Brownish Grayv (3YR 4'1)
limestone nodules ( Tmm=-0.1". Wavey
bedding. Shear plane at 33'(-30")

wn

3.

1027,

Sumilar to above shale, but highter green and
softer (more clay rich). Light Greenish Gray
{50 811 shale with White (N9} to Brownish
Grayv (3YR 41 limestone inclusions
(2mm-0.2" 34 5335 2 hmestone nodules
are small pebble like anglular 1o
subrounded.

1 | 1 | 1 | 1 | 1 | L | L | | ]
. .

582 Pale Yellowish Green (10GY 7 2} to Pale
[§ 5G72 sandv shale with shells.

L=
0 2) silty shale (weakly calereous) with few
limestone mclusions (~0.1"). Dense resistant
limey shale at 38.6" (0.2 thick).

1024.3{ 1 T

60 —

I 10.67

0.09

0.28

-
L
“n
(5]

Remarks:

Morthwest comer of sovbean field

Completion Deptlc 725
Dt rbed: 110204
Drate Connpleted: 1102004
Dovilled By Jan Bums
Logged By, Koy Billinger

JAR INDEX

Slale Tvpe I Retained pieces virmally naclionged
Slake Tvpe 2 Retained matenial consists of lange
aned sall pieces

1.Degrades into pile of flakes or mud

2 Breaks rapidly andor forms many ¢hips

3 Breaks rapidly and'or forms few chips
4.Breaks slowly and or develops several tractures
3. Breaks slowly and or develops few fractures
6.Mo change

CaCO3 %

Slake Tvpe 3: Retained matersal is
small fragients

High o hMedimu Dawability - 33%
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APPENDIX B-4: STATION 524+25, 25’ LT CL - NORTH FACE OF HILL -
NFH1

Project Number: 39-23 K-T888-01

DEPARTMENT OF

[T TYRT™ Kansas State University i . i L 50 s rence. KS
e l.'-l‘!;“(lY Project Name: Realignment of Hwv, 39 south of Lawrence. KS

Site:  Pleasent Grove, KS in Douglas County

Surface Elevation: 103800 FIELD DATA LABORATORY DATA

Loeation: Sta. 524425 251 1t

Slake Type

Plastic Linit

Thepth (fiy
Hample Tvpe
ROD
Mlvisture %o
Jar Index

Material Description
13 Thin covenng of soil 1057 7%

" h 1 Weatl 11

I I
Yellowish Orange (10%YR 66 and White
(N9 thickly bedded. fossiliferons limestone
Dense hard with few vaghs. Top 0.3
broken fractured.

31 1054
estone more weathered stamed

i e (10YR

00} shale break at .07 (001" thick ).

H.O 1053 4
Same limestone as above. less weathered.

WVery Light Grav (N8} to White (N9} dense

and thick to very thickly bedded limestone

with some areas of Dark Yellowish Orange

(10YR 66} i weatherme. Then shale

break at 7.5 (011" thick). Bottom 0.7 heavy

broturbation filled with White (N9 calene

and bottom 0.5 more weatered. Sharp

contact at base

Bl 1044
Lawrence Shale: Top 00.2" 15 G
Yellow Green (3GY 7 2) soft clavey shale.
Festis well mdurated Gravish Yellow Green
(3GY 7 2) o Gravish Green (565 2) sandy
shale with heterolithic bedding

Thin connection and single lenes for
lenticular wavy bedding. Weaker shale
terbed at 106" (-0.2" thick ) and 1267
{001 thick). Angled fractures at 116" (64 )
and 121 (300 k. vertieal fractures from 2.2
to 125 Modern root exast at bottom 2.6
Bottom 0.2' becoming more caleareous with
limestone ustons lenses. Thin White
(N9} limestone bed (0.1 thick) at base with
sharp contacts.

(48] 1o 2

10 i 96

JAR INDEX
1. Dhegrades into pile of flakes or mud
2. Breaks rapidly aowl or forms many chaps
3 Breaks rapidly and or forms few chips
Logged By 4 Breaks slowly and or develops several fractures
Shalee Tupe 1@ Retained pheces virn 5 Breaks slowly and or develops few fractures.
Shake Type I Retained material con: ¥ logge & Mo change

and sl pieces =

Remarks:

Back in timber on north face of hill Dhite Compleled: 110304
Dvilllesd By

. . - - CaCo3 %
Shake Type 3 Retained material is exchusively
sumall frgents Hligh lo Medivn Durolility - 35%

BORING LOG LAWRENCE SHALE 1 GPJ KANSAS STATE GDT 412606
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NEPARTMENT OF

£0L0GY

Kansas State University

Project Number: 39-23

Site: Pleasent Grove. KS

K-7888-01

Project Name: Realignment of Hwv. 39, south of Lawrence. KS

in Douglas County

Surface Elevation:

Location: Sta. 524+25.

LOS8.00

25 ft Lt

Material Description

FIELD DATA

LABORATORY DATA

Giraplue Log
Diepth (ft)
Sample Tvpe
ROD
Moisture *a

Plasticity Index
Slake Durability
Index

Liquid Limat
Plastic Linut

Jar Index
Cal'(03 %

Slake Tvpe

Greemsh Grav (3GY 6'1) to Mediom Light
Gray (N6} caleareous sandy shale with
heterolithic bedding {lenticular wavy). Top
0.3 White (N9) caleitic lenses beds. breaks
easy on horizontal beding planes. flagey to
slabbv. Few shells

il

il

1044,

VATV

Vi)

1042 .6

18.0

Light Gray (N7) sandy shale with
heterolithic bedding (thin

lenticular pinstripe ). Higher clay content
than above producing more

wrregular vertical angled fractures. At 172
becomes Light Bluish Grav (3B 7'1) clavev
shale with vertical angled fractures and lose
the sand heterolithic bedding.

Anly
s
|

it A

il

NN W N AN N W W A
M W N W W W W
E

1040 0

19.3

Light Gray (N7} weak high clay content
(shrink well) shale. Top (0.3

crumbly broken and soft shale (verv poor}
Low inclined bedding (-67).

Medium Gray (N3} clavey shale becoming
with stained Moderate Yellowish Brown
(10YR 34 mud cracks at 193" Becomes

firmer downward. Irregular fractures. Very

thin (- 0.1} carbonaceous shale (organic
rich) with black sooty break at 214" with
s0IE VIlreous areas.

225

Medinm Grayv (N3} weak paleosol
development with irregular fractures (clay
rich) and shear planes (with slicks).
Browmish Grav (3YR 3 1) root traces.

Bottom 0.2" broken. angular blocky paleosol.

78

3 |072|21.72

N'A

N'A

BORING LOG LAWRENCE SHALE 1.GPJ KANSAS STATE GDT 4/26/06

imber on north face of Tull

Completion Depihc 1025
L ted: 110304
Drate Connpleted: 1103004
Divilled By:

Logged By

JAR INDEX

1.Degrades into pile of flakes or mud

2 Breaks rapidly andor forms many ¢hips

3 Breaks rapidly and'or forms few chips
4.Breaks slowly and or develops several tractures

Slale Tvpe I Retained pieces virmally naclionged
Slake Tvpe 2 Retained matenial consists of lange
aned sall pieces

3. Breaks slowly and or develops few fractures
6.Mo change

CaCO3 %

Slake Tvpe 3: Retained matersal is
small fragients

High o hMedimu Dawability - 33%

97




BORING LOG LAWRENCE SHALE 1.GPJ KANSAS STATE GDT 4/26/08

NEPARTMENT OF
Kansas State University

SE0L0GY

Project Number: 39-23 K-7888-01

Project Name: Realignment of Hwy,

Site:  Pleasent Grove, KS

59, south of Lawrence. KS

in Douglas County

Surface Elevation: 10380

Location: Sta. 52442325 ft Lt

Material Description

FIELD DATA

LABORATORY DATA

Ciraphie Log
Diepth (fiy
Sample Tvpe
ROD
Modsture *a
Liguid Limit
Flastic Lint

Uneonfined
Compression
Jar Index
CaC'(3 %o
Slake Durabilitv
Index

-]
o}

Slake Type

More indurated and well developed paleosol:
243 Top 0.5 same broken angular blocky
paleosol as above. Greenish Gray (3GY
61) paleosol with shear planes at 24.2' (407}
and 24.6°(307). Becoming Medium Light
Grav (NG and Gravish Purple (3RP 4 2) at
249 wath oxadized Moderate Yellow (37
763 to Light Olive Brown (3Y 56) root
traces.Contineed Next Page

92

Top (1.3 same Gravish Purple (3RP 4 2}
paleosol as above then grades to Medium
Light Gray to Pale Blue 5B 6 2 paleosol.
Shear planes (with slicks) at 249" (207).
P73 2347 (407). 255 (207). 26.0"(20). 20.8'
N (25).26.9°(25). 27.1' (40). 27.3' (30).

Dark Greemsh Grav (3GY 41 ) weak
paleosol with shear planes at 27.5 (307} and
27.6" (407 Grades to Light Greemsh Gray
(3G 8 1) shale paleosol with Mediu
{N3). Brownish G 5Y 410 to White
(M9} caleareous nclusions

{chips) coneretions (0. 2mm-=0.1") -
rhizozone? roots?

P81

Gh

Same Light Greemsh Gray (3G 81) shale
with abundant White (N9} to Brownish
Gray (3YR 4'1) limestone

inclusions pebbles throughout. Very

hard dense limestone lenses at 28 8 (0.1
thick ) with oturbation. Broken zone with
abundant preces of hmestone at 294 (0.2
thick ). Verv hard dense limestone lenses
with shale breaks (sharp contacts) at 29 8
017 299 (01" w biotrubation ). 30
{01 w boturbaton ), 303 (0.1, and
305 01w oturbation shell). Sunken
pieces of weathered limestone?

30.5

1027 3 eS|

&8

Greenish Gray (3GY 6/'1) to Light Greenish

Gray (3G 8'1) heterolithic shale becoming

more sandy downward. Wavy Lenticular

(thin. single connecting lenses) bedding.

34 White (N9} to Gravish Orange (10YR 7 4)
limestone mclusion at 313" (0.4 thick) with
stromatolite growth (weathered limestone
meluded mto shale?). Thin (3mm ) White
(N9 sandy stringer at 32.4" and a thin
(4mm) hard dense limey White (N9} and
Browmish Grav (3YR 4 1) stringer at 32,5

Better shale than above (in core 8).

32.9

1025.1]-

1024

Greemish Grav (3G 6/ 1) silty. firm shale

with tew Yellowish Grav (3Y 8'1) sandv
starved ripples near top of core. Breaks

easily along horzontal bedding planes.

I 04y 035

2 H7.064q 39

17.98

2 43.35

Remarks:

Back in timber on north face of all

Completion Depile 1025

JAR INDEX

I ted: 110304
Dot Commpleted: 110504
Diwilled By:

Logged By:

3. Breaks rapid
4. Breaks slow
3. Breaks slow
6. Mo change

Slake Type 1 Retoined pieces virmally ichianged
Slale Tvpe 20 Retained natenal consists of loge

1.Degrades mto pile of Makes or mud
2 Ereaks rapidly and 'or forms many chips

ly and ‘o forms tew chips
Iy and 'or develops several fractures
Iy andlor develops few fractures

aned suall pieces

CaC03 %

Slake Tvpe 3: Retaimed material is
amall frogments.

330,

High to hMedinn Danabiliny
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NEPARTMENT OF

Kansas State University

SLOLOGY

Project Name:

Site:

Project Number:

39-23 K-7888-01

Realignment of Huv. 59, south of Lawrence, KS

Pleasent Grove. KS in Douglas County

Surface Elevation: 10380/

Location: Sta. 524425 25t Lt

Material Description

FIELD DATA

LABORATORY DATA

Giraplue Log
Sample Tvpe

Diepth (ft)

Plasticity Index
Slake Durability
Index

Moisture *o

Liquid Limat
Plastic Linut
Cal'(03 %

Jar Index

RO

Slake Tvpe

30.2 Sharp contact at base.
6.5 Same shale hu\\. but ||.5\ irm .md more

larger irregular fractures) at 33.7° (01"
thick ). 34.27(0.1" thick ). 34.6" (01" thick).
35 (-0.2" of broken crumbly

13

ale).Contined Next Page

1021,
1021.

1020,

am al 3627 - 363 coal
seam (top 0.1" s more of a Medium Dark
Gray (N4} carbonaceous shale ) with sharp
contact at base.

Medim Light Grav (M6} to Medm Grav
{N)J and Greenish Gray (3G 6 1) clav rich

Tﬂp U 915 Greemish Grayv (3G 6'1) and
Medium Gray (N5} shale with a Dark
Yellowish Orange sandv starved nipple at
ITE00) 384 - 4005 shale becomes
4o s more flagay to slabby and breaks easily on
horizontal planes (swelling shale).

40 —
10175+

Shale becomes more sandy with very

thin flat connecting lenses of White (N9)
fine sand silt for lenticular bedding. White
(N9 starved sandv ripples at 40.3°-401.6".
Grayish Orange (10YR 7 4} dense hard
caleitie band at 417(0.1" thaek ) with
lenticular bedding of thin connecting lenses.
Thin Wavy bedding at 40.6' 41" 41.2' (001"
thick ) 40.5 (11" thick ).

H2.7

1015 .31

Medium Light Gray (N6 ) to Medium Bluish
Gray (3B 5'1) clay rich. swellling shale.
Ahund-mt soft clay rich zones tcl.h shale}
irregular fractures from 43.5 10 the

with low inclined bedding (-3 and
bioturbation. Rest of the sandstone 1s White
(N9} with few mud drape
dravish Orange dolos
towards base at 44 3" (001" thick ). 457
(0.1, and 46.2" (broken 0.1y with sharp
contacts.

HG.2

10118~ ——]

I Black (M1) brittle. sootv. and vitreous coal
—seam with sharp contacts.

1011,

Bluish Gray (3B 3 6) to Medium Light Grav
(NG ) paleos] with black organic debris and
root traces and oxadized resistant root casts
Grades to Light Blush Grayv (3G 7 1)
downward.

HT.8

2 14.99

imber on north face of Tull

BORING LOG LAWRENCE SHALE 1.GPJ KANSAS STATE GDT 4/26/06

Completion Depihc 1025
L ted: 110304
Drate Connpleted: 1103004
Divilled By:

Logged By

JAR INDEX

1.Degrades into pile of flakes or mud

2 Breaks rapidly andor forms many ¢hips

3 Breaks rapidly and'or forms few chips
4.Breaks slowly and or develops several tractures

aned sall pieces

Slake Tvpe 3: Retained matersal is
small fragients

Slale Tvpe I Retained pieces virmally naclionged
Slake Tvpe 2 Retained matenial consists of lange

3. Breaks slowly and or develops few fractures
6.Mo change

CaCO3 %

High o hMedimu Dawability - 33%
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BORING LOG LAWRENCE SHALE 1.GPJ KANSAS STATE GDT 4/26/05

NEPARTMENT OF
Kansas State University

SE0L0GY

Project Number: 39-23

Site: Pleasent Grove. KS

K-7888-01

Project Name: Realignment of Hwy. 59, south of Lawrence. KS

in Douglas County

Remarks:
Back in timber on north face of ll

Diate Started: 1 L0304
Diate Completed: 110304
Divilled By:

Logged By

Surface Elevation: 1058.0 FIELD DATA LABORATORY DATA
Location: Sta. 524425 25t Lt = 2 s |z 2z z 2
- = s | 5 29 || 25| €
2 2 E | 1284z ] 82| 2
= E |a| £ 2 | ZE| 22| 27| 2
. - = L] 2| = | = = | = s | 7| E -
Material Description ~ “ = - - ~ |- = |~ | =
Medium Grav (N3) shale with three =2
dense hard Gravish Orange (10YR 74) S i
dolostone lenses at 47 5 (- 0.1, 47.7 Ry
(01 and 47970 0.1 with sharp el |
contacts. |
Greenish Gray (3G 6'1) sandyv. o
mterlaminated shale. Lenticular to wavy o~ 7
bedding with thin connecting lenses of gy
White (N9 fine sand silt. Few Dark | 50 —
Yellov Orange (10YER 6 6) sandy |
nelusion 1th some mimnor deformation, r 4
Bottom 0.5 is sandv shale.Conined Nexr ST
S
Fage Ay
_ ol 5 8326 | 1
| i |
s
51.8 10062 A7 n
Top (1.5 1s same sandy shale as m bottom of 4
core 12 with few small starved ripples and — |
flaser bedding at bottom 01", — . . N
528 1005.2° " "]
Medium Light Gray (N6) to Medium Dark o —
Giray (N4} sandy micaceous interlaminated S
shale with lenticular wavy bedding. 35.1° L J
(0.2" thick ) interlaminated sandy shale with Ko
lenticular wavy bedding that has major — | _
deformation disruption. Dense hard [
sandstone White (N9) sandstone bed at e~ |
353001 thick ) wath mud drapes. Verv Rliiany
sandy shale to sandstones at 54.5' (-0.5 Ralical I
thick with starved sand ripples near base). T3
36.67(0.2 thick . 37" (0.2 thick ) with sharp Ny
contacts. o -
H\/‘““\f‘_ —
\I“w\/“
| ™ |
- B
- ™
e .
57.3 1000.7-" "
Same interlaminated lenticular wavyv shale: r" g
few lenses show crossbedding. Very ) SN
thin long White (N9) lenses of fine sand silt i —]
(some resemble pinstripe bedding ). Rl
58.6 Weak crumbly zone at 5?_.?I‘I{U.1'rlh@ck]. ) 999 4f | |
D, at 38'(0.2" thick) with 7]
top beconung o~
at_bottom. r
| i |
EE el -
M- eo
Completion Depilc 1025 JAR TNDEX

1.Degrades into pile of flakes or mud

aks rapidly and 'or forms many chips

aks rapidly and or forms few chips
4.Breaks slowly and or develops several tractures

Slale Tvpe I Retained pieces virmally naclionged
Slake Tyvpe 2 Retained naatenal consiats of lage
and sl pieces

3. Breaks slowly and or develops few fractures
6.Mo change

CaCO3 %

Slal ineed naterial is

Il fragments

High o hMedimu Dawability - 33%

100




Project Number: 39-23 K-T888-01
NEPARTMENT OF
“aks i i . . - = . ey
LY l'LoGY Kansas State University Project Name: Realignment of Hwy. 59, south of Lawrence. KS
<l :
Site: Pleasent Grove. KS in Douglas County
Surface Elevation: 1058.0 FIELD DATA LABORATORY DATA
. v, 2 s Ae g £
Location: Sta. 524+25. 25 ft Lt £l < s | 2| 2|2 .| &
- [ " = = s - o i =
Material Description = v & = - A B S|~ =
Same interlaminated lenticular wavy N 3 2872 2
with White (N9 fine sand silt lens ~ N
areas resemble thin pinstripe bedding. More Ry
resistant sandy shale at 605" (0.1 | |
thick OO (0.2 thick ) with few small sandy ]
sunken pillows inclusions { 1-2em wide). and M
02.27(0.1" thick). Breaks v along F o 7
horizontal bedding planes. Green et
. mineralization of sand grains at a0z —
323 59.6". Continned Nexr Page 995.7) ]
Same shale. but much thinner N B
interlaminations with _ ) S
pinstripe lenteicular wavy bedding of White R —
(N9} fine sand silt. Few sunken Rl
pillows ripples. Thin White (N9} sandstone — ] J
lenses at 634" (- 0.1 L 6357 0.1"). an =
0567 0.1} Breaks easily along honzontal o o
bedding planes. AT T
-
o N
ool
o~ 03 —
PRl
..ﬂm./\ n
r
A 4 6526 | 2
"J‘J‘\J‘
J\‘J‘\J‘H
W]
7.3 990, 7] -
Top 0.4" is the same interlamimated shale as M -
above: then lose bedding downward r o~
Medinm Gray (N3} sandy shale with clay ATl
rich (soft) zone at GB.5" (01" thick with Kl
sharp contact). Breaks casily along ] i
horiozontal bedding planes. Bottom (0.7 15 M
more resistant Light Gray (M7} to Medium o~
Grayv (N 3) sandy micaceous shale to shalev Nl
sandstone with black organic debrs. e
3.6 ORBAN 7 -
T |70
5 83.69 | 1
Rems Completion Depihc 1025 JAR INDEX
Back in timber on north face of hill Date Started: 1103 M‘ 1.Degrades into pile of flakes or mud
o on north face o Date Completed: 110304 2 pidly and or forms mang chips
Cilad By: 1Ern i wl o forms few chips
Logged By: 4 Breaks slowly and or develops several fractures

BORING LOG LAWRENCE SHALE 1.GPJ KANSAS STATE GDT 4/26/05

Slake Tvpe 1 Retained pieces virtually wiclonged | 3 Breaks slowly and or develops few fractures

Slake Tyvpe 2 Retained naatenal consiats of lage & Mo ch:ung-:

anel suall pieces

CaCO3 %

Slake Tvpe 3: Retained matersal is
small fragients

High o hMedimu Dawability - 33%
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SE0L0GY

NEPARTMENT OF

Kansas State University

Project Number: 39-23 K-T888-01

Project Name: Realignment of Hwy. 59, south of Lawrence. KS

Site: Pleasent Grove. KS in Douglas County

Surface Elevation:

105800

Location: Sta. 524425, 25 {t Lt

Material Description

FIELD DATA

LABORATORY DATA

Girapluc Log
Diepth i ft)
Sample Tvpe
ROD

Moisture o
Laquid Lt
Plastic Limit
Plasticity Index

Unconfined
Compression
CaC'(13 %

Jar Index
Slake Durability

Index

Slake Tvpe

723

Top 0.7" is the same r
!\'i'll'llj_\' micaceous si
little no black orngic
sandy shale becomes less resistant. breaks
easilv along horizontal bedding planes.
70.7-72.3 shale becomes verv

sandy micaceous with black organic

particles debris. No noticable bedding
planes and is more dense resistant than
above (good core ). tew sunken pillows of
White (N9} fine sand. Continned Next Page

Same dense resistant verv sandv micaceous
shale to shalev sandstone with no bedding
planes. Black (M1) and Grayvish Red (3R
42y organic debris. Good core. Large
White ( N9 sandv starved ripples pillows at
728 (- lem-0.2" wide). Hard dense White
(N9) sandstone at 75.1' (- 0.1" thick with
mud drapes). 75.2-77.2" becomes

sandyv micaceous shale with black organic
debris. Thinly interlaminated sandy shale
with lenticular pinstripe bedding of fine sand
from 758 (0.4 thick), White { N9} medium
erained sandstone interbed (01" thick ).
Sandv pillows (lem-0.1" wide ) near base.

9808

Medium Light Gray (NG ) to Mediam Dark
Gray (N4 very sandy micaceous shale with
Black (M1) orgnic debris particles. Little to
no bedding features present. Inclined
bedding of -20° from 77.9-78.1".

Dense hard White (N9) to Verv Light Gray
(N&) sandstone from 78.2" to 79.1" with mud
drapes and black organic debrnis. Sandstone
has sharp cotacts. Thin White (N9}
sandstone mterbed at 793 (001" thick ).
Thinly interl: ated sandy shale with
ticular pinstripe bedding of White (N9}
fine sand at 80.4'.

Bl.8

976.7.

\

R2.9

Dense good core: Top 0.671s Medium Gray
to Medium Dark Gray sandy micaceous
shale like above. disturbed deformed-
convolute pillows starved nipples.} Bottom
04" 18 nclined lenticular bedded shale
{107

—|80

BORING LOG LAWRENCE SHALE 1.GPJ KANSAS STATE GDT 4/26/08

Back in timber on north face of ll

Completion Depihc 1025
Diate Started: 1 L0304
Diate Completed: 110304
Divilled By:

Logged By

JAR INDEX

Slale Tvpe I Retained pieces virmally naclionged
Slake Type 2; Retain

Slake Tvpe 3: Retained matersal is

waterial consists of lge

6.Mo change

1.Degrades into pile of flakes or mud

2 Breaks rapidly and'or forms many chips

3 Breaks rapidly and'or forms few chips
4.Breaks slowly and or develops several tractures
3. Breaks slowly and or develops few fractures

aned sall pieces

CaCO3 %

aginents

High 1o hedimu Cabiline

330
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NEPARTMENT OF
Kansas State University

SE0L0GY

Project Name:

Site:

Project Number:

39-23 K-7888-01

Pleasent Grove, KS

Realignment of Hwv. 59_ south of Lawrence. KS

in Douglas County

9651017

Same sandy micaceous shale siltstone with
black organic debris, dv siltstone with
only one fracture: good core.

4.5

9635 "7

Mediam Light Gray (No) to Mediam Gray
(N5 siltv sandy shale wath black organic
debris: gets shghtly darker downward.
Good core.

Surface Elevation: 1058.0 FIELD DATA LABORATORY DATA
Location: Sta. 524425 25t Lt . 2 slElz|Z2]% | E z
= = = w =} i | k] n| < 23 =
2 = = = | = - | El=| & 2
T|E| E |8 2|22 if|Zlzl 2| 3
. e g z : o | s 2 = ok | 2| = -
Material Description ~ = # = - - ~ sC | S| S| F
rhedded with White (N9} fine
v lavers (pinstripe ) with major i
deformation of convolute and vertical
549 bedding (good core dense ).Contined Nexr 973.1
Page T8
Medlum Light Gray (N6 ) to Medium Dark P
Gray (N4} sandy micaceous shale with some 7
black oreanic debris. - ..
B7.9 970.1
Same sandy micaceous shale siltstone (no I
hu]dmg \1mblu.1 Wi llh 11|.1Lk arg iL debns — |
»od solid core \_\th only one —
break ). leaf and plant fossils.
- _‘l)” —

Remarks:
Back in timber on north face of ll

BORING LOG LAWRENCE SHALE 1.GPJ KANSAS STATE GDT 4/28/05

Completion Depihc 1025

Dat rted: | O3S
Diate Completed: 110304
Divilled By:

]_mqml By

JAR INDEX

anel suall pieces

etained miaterial is
mall fragients

Slake Type 3:

1.Degrades into pile of flakes or mud

s rapidly and 'or forms many chips

wl'or forms few chips
4.Breaks slow I‘. anel or develops several tractures
3.Breaks slowly and 'or develops few fractures
6.Mo change

CaCO3 %

High o hMedimu Dawability - 33%
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NEPARTMENT OF

Ej ﬁl‘l“GY Kansas State University

Project Number: 39-23

Site: Pleasent Grove. KS

K-7888-01

Project Name: Realignment of Hwv. 39, south of Lawrence. KS

in Douglas County

Surface Elevation: 10380/

FIELD DATA

LABORATORY DATA

A =
jon: Sta. 52442525 . I T £
Location: Sta. 524+25. 25 ft Lt A é s | E|E|Z - | g é”
2 |22 |.|Elz|2]|¢8 gz &2 | 3
£ = g = | £ 2| E b =l | 2 =
. - E 2 ; gl B ZE| 2 = | ® z
Material Description ~ = # & < = = = S| 2| 2
Medium Light Gray (N6) to Medium Gray
N3 |
7.6 9604 T A
Light Olive Grav (3Y 61 to Medium _—
(N3) sandyv shale with black organic deb —
no bedding features visable: good solid core. — -
Thin long interlaminations of lenticular A N
lenses of White (N9} fine sand silt: inclined —
{107} bedding at bottom 0.1,
:_ 5 Bo.84 | 1
102.5 DRI P— |
105—
Completion Depihc 1025 JAR INDEX

imber on north face of Tull

BORING LOG LAWRENCE SHALE 1.GPJ KANSAS STATE GDT 4/26/06

L ted: 110304
Drate Connpleted: 1103004
Divilled By:

Logged By

2 Breaks rapid
3 Breaks
4 Breaks slow

Slale Tvpe I Retained pieces virmally naclionged
Slake Tvpe 2 Retained matenial consists of lange
aned sall pieces

3.Breaks slow
6.Mo change

1.Degrades into pile of flakes or mud

1y el ‘or forms many chips

rapidly and 'or forms few chips

Iy and or develops several fractures
ly and or develops few fractures

CaCO3 %

Slake Tvpe 3: Retained matersal is
small fragients

High o hMedimu Dawability - 33%
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LOG LAWREMNCE SHALE 1.GPJ KANSAS STATE.GDT 4/26/08

G

BORIN

APPENDIX B-5: STATION 526+30, 7 RT CL - MIDDLE OF HILL - MH1

NEPARTMENT OF
Kansas State University

SLOLOGY

Project Name:

Site:  Pleasent Grove, KS

Project Number: 39-23 K-T888-01

Realignment of Hwy. 59, south of Lawrence. KS

in Douglas County

Surface Elevation: 1024.0¢

Location: Sta. 326+30

Material Description

FIELD DATA

LABORATORY DATA

Cirapluc Lo
Trepth (ft)
Sample Tvpe
Moisture *o

ROD

Plastic Linut

Plasticity Index

Jar Index

CalC'l %

Slake Durability
Index

Slake Tvpe

Not Recovered

5.0

1018.0

Lawrence Shale: Top 0.2 Gravish Brown
(5YR 3 2) soft clay with sharp contact at
base. Yellowish Grav (3Y 7 2) to Dark
Yellow (3Y 6 4) silty sandv weathered
shale. Stamed Dark Yellowish Orange
{10YR 6:6), Modern roots present. Black
oxidation (manganese?). Light Gray (N7}
.‘L fresh color shale.

1016 4- -

Same weathered shale as above with modern
roots: horizontal bedding and vertical joints.
Stained Light Brown (3YR 536} Fresh
Light Bluwish Grav (3B 71} shale.

1012.6 -

76

4 |0.59] 3848

Rem:
Middle of Pleasant Grove Fill

Completion Deptle 62,00
Diate Started: 08/ 1605

Date Completed: 05/16:08
Diilled By

Logged By:

JAR INDEX

Slale Tvpe I Retained pieces virtally nachonged
Slake Tvpe 2: Rel 1 material consists of lage
: I pieces

Slake Type 3: Rel
s

vedd atenial is exchsvely
JETIES

1. Degrades into pile of fl:
rapidly and'or

6.Mo change

akes or mud

il or forms few
andl'or develops severs
v el or develops few fractures

CaC(3 %

High o hMedimu Dawability - 33%
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Maddle of Pleasant Grove Hill

BORING LOG LAWRENCE SHALE 1.GPJ KANSAS STATE GDT 4/26/06

Diate Started: 08/ 1605

Drate Completed: B8/ 16/08
Divilled By:
Logged By

Project Number: 39-23 K-T888-01
NEPARTMENT OF
“aks i i . . - = . ey
&tl‘i“ﬁy Kansas State University Project Name: Realignment of Hwv. 39, south of Lawrence. KS
Site: Pleasent Grove. KS in Douglas Countv
" o B . 2, ! n -~ T e
Surface Elevation: 1024.0 FIELD DATA LABORATORY DATA
. T ~ z z
Location: Sta. 3206430 ® 2 slElzl2 3 2
- = = > g 5 = - - 7 il
: Sz |.|28lz|2]¢% f02| 22| 3
T | & £ || 2| | 2| E ol R 2
. e & 2 : = = = = 5| F -
Material Description = = # & = = & & S| S| F
Medium Grav (N3} sandy micaceous shale P
with White (N9) sandy sunken nipples. Top — |
0.5" contans famt lenticular to flaser — -
bedding and becoming more distinet 3 |3.33| 2949 2
downward. Bottom 0.4 flaser
bedding.Contined Next Page i
P75 w68 — |
Medim Dark Gray (N4} to Medium Gray .
(N3 ) sandy imcaceous shale with abundant |
black orgame particles. Top 0.3 lenticular — .
bedding becoming faint none downward. A i
28.1-29%.1" clay neh: bottom (1.5 ]
flaser lenticular.
29.5 O T
Medinm Light Grayv (N6) to Medium Gray o
(N5 lenticular shale (very thinly lammated) o 3 —
with black organic particles. Top 0.2" sandy Nt
shale with starved sunken ripples, 29.7-30° Rl i
flaser beding: inclined disturbed bedding at |
34 e
'\J‘J“J‘
- ‘.I‘“- -
J“J‘\J‘H
R
s
9. ¢ e
p24 _ TN SeUS B
Medinm Gray (N3) sandy micaceous shale PPN
with lenticular bedding of White (N9} to o
Light Olive Gray (3Y /1) fine sand silt Y
lenses. Becoming faint very fine downward el
while black organic debris increases. Flaser — ] 86 51238 1584 2
zones at 36,7 (- 0.1" thick) and 36,8 (-0.3 =
thick ). i
-
|
|~ -
(35
| |
-
"J‘J“J\\- b
-
o~ d
Remarks: Completion Depih: 62.0¢ JAR INDEX

1: Retained pieces virmally wclanged
2 Retained material consists of large
anel suall pieces

1.Degrades into pile of flakes or mud

2 Breaks rapidly andor forms many ¢hips

3 Breaks rapidly and'or forms few chips
4.Breaks slowly and or develops several tractures
3. Breaks slowly and or develops few fractures
6.Mo change

CaCO3 %

etained material is excl b

mall fragients

Slake Type 3:

High o hMedimu Dawability - 33%
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Maddle of Pleasant Grove Hill

BORING LOG LAWREN-1.GPJ KANSAS STATE.GDT SM/05

Diate

Divilled By:
Logged By

Completed: 081605

Slale Tvpe I Retained pieces virmally naclionged
Slake Type 2; Retain

Slake Tvpe 3: Retained matersal is

renial consists of buge 6.Mo change

1.Degrades into pile of flakes or mud

2 Breaks rapidly and'or forms many chips

3 Breaks rapidly and'or forms few chips
4.Breaks slowly and or develops several tractures
3. Breaks slowly and or develops few fractures

Project Number: 39-23 K-T888-01
NEPARTMENT OF
fj:sl'L‘jGY Kansas State University Project Name: Realignment of Hwy. 59, south of Lawrence. KS
Site: Pleasent Grove. KS in Douglas County
y ation: 2400 . - - -
Surface Elevation: 1024.0 FIELD DATA LABORATORY DATA
. TV ~ g £
Location: Sta. 326+30 . 2 sl z|s|2|=E z 2
= F = : g g - z'Z ” 2 g =
) z £ = | 2 S| 2|2 |38|=5|c| 2 =
. A d 2 : = = = = | EE2 | 5| F -
Material Description 5 = # = - - ~ = | =SS F
Weathered shale becoming more T
126 sandy s with black orgnic debns. i
Very thinly laminated with lenticular
bedding . Contined Next Page |
Yellow (3% 6.4} weathered shale:
13.5 stained Dark Yellowish Orange (10YR 6.6) 1010, 58—
to Moderate Brown (3YR 4 4). Fresh Light 7
Gray (N7 to Light Bluish Gray (3B 7 1)
Top 0.6" heterc shale with lenticular
bedding: thinlv lamimnated.
Light BI Gray (5B 7 1) shale with black 8 4 P13 3943 2
organic fragments debns.
17.3 1006.7] I
Vitreous coal with sharp contact IUU("; <
Light Bluish Gray (3B 7 1) to Light Grayv
(N7 silty churned shale paleosol” —
18.6 1005 4 -
1o Sandysilty micaceous shale 10050 - —
Light Gray (N7} to Medium Light Gray o
(NG s ndv micace shale with Whate P i
(N9} lenticular lenses of fine sand silt. ey
Minor amounts of distrubed bedding. -
2 o 20 —
s
-J'\‘-F\J“‘_ a
i |
[ 4 1079 1365 | 2
|
-
D16 100240
Verv sandv micaceous shale with soft —
sediment deformation. Bottom 0.3 starved N 0 4 1079 Na | NA
bs s ripples and black organic particles. 1001 3
Medim Gray (N3) sandy micaceous shale - ]
with White (N9} sandv sunken nipples. Top — - _
0.3 contauns famt lenticular to faser — . .
bedding and becoming more distinet A i
downward. Bottom 0.4 tlaser bedding. ]
Rems Completion Depih: 62.0¢ JAR INDEX
Date Started: 05/ 1603

aned sall pieces

CaCO3 %

aginents

High o hMedimu Dawability - 33%
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NEPARTMENT OF
Kansas State University

SLOLOGY

Project Number: 39-23
Project Name:

Site: Pleasent Grove. KS

K-7888-01

Realignment of Huv. 59, south of Lawrence, KS

in Douglas County

Surface Elevation: 1024.0¢

Location: Sta. 5320+30

Material Description

FIELD DATA

LABORATORY DATA

Sample Tvpe
Moisture *o

RO

Plastic Linut
Plasticity Index
Unconfined
CaC'3 %

Jar Index
Slake Durability
Index

Liquid Limat

Slake Tvpe

37.2

§ | Graphic Log
Diepth (ft)

T
i

7%
s?s

9868 A

Top 002" flaser o lenticular bedding, Mud
drapes at top 0.3 Wavy disrupted bedding
of White (N9 sandy ripples. 39.5'40.3
Light Gray (N7) to White (N9} dense hard
fine grained micaceous sandstone: sharp
contacts. 40 3-40.6" sandyv micaceous shale
with black organic debris,

H.6

40—

98347

Medium Gray (N3} and Medium Light Gray
{NG) o Light Olive Grav (3Y 6'1)

sandy micaceous shale with black organic
debris. Becoming more micaceous

41 o downward. Sandy sunken ripples at base

A, (—lem thick). Well indurated {good core).

Medium Light Gray (NG) to Medium Gray
54 s shale with black

or amounts of leafy
sbris. 442" sunken pillows of White

{N9) Imc s-md[ A1 0.2 thick ) with

deformation. 43<43.4" sunken ripples

{01403 thick). 40" sandy sunken ripple

(0.3 thick). Angled fracture at 43,8 (-40°),

Ho. 8

Medium Gray (N3} sandyv micaceous shale
with black plant debris particles.

R(.27

L
)

35| 7812

Rem:
Middle of Pleasant Grove Fill

BORING LOG LAWRENCE SHALE 1.GPJ KANSAS STATE GDT 4/26/06

Completion Depih: 62.0¢
Diate Started: 08/ 1605
Drate Completed: B8/ 16/08
Divilled By:

Logged By

JAR INDEX

1.Degrades into pile of flakes or mud

2 Breaks rapidly andor forms many ¢hips

3 Breaks rapidly and'or forms few chips
4.Breaks slowly and or develops several tractures

Slale Tvpe I Retained pieces virmally naclionged

Slake Tvpe 2 Retained matenial consists of lange
anel suall pieces

3. Breaks slowly and or develops few fractures
6.Mo change

CaCO3 %

vedd naterial is
agInents.

Slake Type 3: Rel
Es

High o hMedimu Dawability - 33%
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NEPARTMENT OF

Kansas State University

SLOLOGY

Site: Pleasent Grove. KS

Project Number: 39-23 K-T888-01

Project Name: Realignment of Hwv. 39, south of Lawrence. KS

in Douglas County

Remarks:
Middle of Pleasant Grove Fill

BORING LOG LAWRENCE SHALE 1.GPJ KANSAS STATE GDT 4/26/06

Drate Completed: B8/ 16/08
Divilled By:
Logged By

" o B . 2, ! . -~ T e
Surface Elevation: 1024.0 FIELD DATA LABORATORY DATA
= - fq &
Location: Sta. 526+30 a 2 s || 2|2 z 2
i = = 2 g g = ” # B4+ =
: Sz |.|28lz|2]¢% f02| 22| 3
£ = g = | £ 2| E b =l | 2 =
. A & A : o = = = = 5| F -
Material Description = = # & = = & & S| S| F
" Same shale as above. but more sandy with TR Pty
lenticular bedding of White (N9} fine o B .
sand silt lenses. Kaleal — 100 4 435 NA | NA
Ho.2 9748 ]
Sandy shale: interbedded sandstone and = i
shale zones at 307" (0.2 thick). 3117 (0.1 o
thick). and 51.3" (~0.1" thick). NPy s
e (20—
"hﬁv“m‘— -]
[ )
\J“-ﬁ‘f‘_ —
51.5 91250~ o |
Silty sandy micaceous shale with few .
starved nipples of White (N9) fine sand. ]
Becommg more micaceous and sandy .
downward. Near base of core black organic T i
52.7 debris appears. Flaser at bottom 0.1". 971.%- - —
Medium Light Gray (N6 ) and Medinm Gray s
(N5 silty sandy micaceous shale. Inchined 77 6 |2.77| 84.84 1
flaser lenticular zone at 34" (-0.2" thick).
56.5-36.9" weak highly fractured shale (clav
rich) with fracture spacing of 1-2mm.
57.2 ]
Medim Gray (N3} sandv micaceous shale. i
Low inclined bedding at 39 8-60.7" wavv
bedding at 60.5-60.7". Wavy distrubed
lenticular zone of White (N9} sand lenses at ]
613 (001" thicky.
60 —
Completion Depile 62,00 JAR TNDEX

Slale Tvpe I Retained pieces virmally naclionged
Slake Tvpe 2 Retained matenial consists of lange
aned sall pieces

1.Degrades into pile of flakes or mud

2 Breaks rapidly andor forms many ¢hips

3 Breaks rapidly and'or forms few chips
4.Breaks slowly and or develops several tractures
3. Breaks slowly and or develops few fractures
6.Mo change

CaCO3 %

Slake Tvpe 3: Retained matersal is
small fragients

High o hMedimu Dawability - 33%
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Remarks:
Middle of Pleasant Grove Fill

BORING LOG LAWRENCE SHALE 1.GPJ KANSAS STATE GDT 4/26/06

Diate Started: 08/ 1605

Drate Completed: B8/ 16/08
Divilled By:
Logged By

Project Number: 39-23 K-T888-01
NEPARTMENT OF
fj:sl.L‘jGY Kansas State University Project Name: Realignment of Hwv. 39, south of Lawrence. KS
Site: Pleasent Grove. KS in Douglas Countv
Surface Elevation: 1024.0 FIELD DATA LABORATORY DATA
= - fq &
Location: Sta. 326+30 50 2 P T T Z 2
= = = 3 3 o | % | & R =
2 | 2] = Elz |3 % il=z|22 )| 2
= = = o i 2 = = = - o™= =
g 5 H T|E| 2| 2|2 | ®| £ Z
Material Description 5 8 # B | = | = &~ S| S| F
Medium Grav (N3) sandy micaceous shale, P
Low ned bedding at 3986017 wavy — ]
bedding at 60.5-60.7". Wavy distrubed — 90 4 [3.16) 74.66 1
lenticular zone of White (N9} sand lenses at
GLY (-0.1" thick).Continied Next Page
2.0 ge207 T |
03 —
70 —
Completion Depile 62,00 JAR TNDEX

1: Retained pieces virmally wclanged
2 Retained material consists of large
anel suall pieces

1.Degrades into pile of flakes or mud

2 Breaks rapidly andor forms many ¢hips

3 Breaks rapidly and'or forms few chips
4.Breaks slowly and or develops several tractures
3. Breaks slowly and or develops few fractures
6.Mo change

CaCO3 %

etained miaterial is
mall fragients

Slake Type 3:

High o hMedimu Dawability - 33%
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LOG LAWREN-1.GPJ KANSAS STATE.GOT 5/1/06

G

BORIN

APPENDIX B-6: STATION 531+20’, 25" RT CL - BASE OF HILL - BH1

SLOLOGY

NEPARTMENT OF

Kansas State University

Project Number: 39-23 K-T888-01

Project Name: Realignment of Hwv. 39, south of Lawrence. KS

Site: Pleasent Grove. KS in Douglas County

Surface Elevation: 940.(¢

Location: Sta. 531+30

Material Description

FIELD DATA LABORATORY DATA

Plastic Linut
Plasticity Index

Sample Tvpe
Moisture *o
Jar Index
a3 %

Cirapluc Lo
Trepth (ft)

ROD
Slake Durability
Index

Slake Tvpe

H .0

Not recovered

9306.(

7.3

Lawrence Shale: Moderate Yellow (57
7 6) to Dusky Yellow (3Y 6 4) sandv sitlv
weahtered shale with vertical bedding
Moderate Brown (3YR 4 4) staining with
some black plant woody fragments. 3.8'-
7.3 lose vertical bedding: soft sediment
deformation appears.

106 510,79 32.67

Same weathered shale as above but mostly

silty with Browmish Grav (3YR 3 2} to
Moderate Brown (3YR 4 4) ocadation.
Clean vertical. honzontal. and angled
fractures from 7.3-8.6. 86-123

curved angled fractures that swell jet out
{clay rich)

Remarks:

Base of Pleasant Grove Hill

Completion Depthe 36,5 JAR INDEX

ate Siar L OS 1305 R . .
Date Siarted: 013 1. Degrades into pile of flakes or mud

rapidly and'or

Date
Diilled By
Logged By:

onpleted: 081305

wl'or forms few

andl'or develops severs
v el or develops few fractures

Slale Tvpe I Retained pieces virtally nachonged

1 material consists of lage 6. Mo change

Slake Tvpe 2: Rel
k Il pieces

CaC03 %o
vedd atenial is exchsvely

Agrents High o hMedimu Dawability - 33%

Slake Type 3: Rel
s
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LOG LAWRENCE SHALE 1.GPJ KANSAS STATE GDT 4/26/08

G

BORIN

Project Number: 39-23 K-T888-01
NEPARTMENT OF
£ ‘:'.'!J('GY Kansas State University Project Name: Realignment of Hwy. 539, south of Lawrence. KS
<l
Site: Pleasent Grove. KS in Douglas Countv
Surface Elevation: 9400/ FIELD DATA LABORATORY DATA
Location: Sta. 531+50) R = | 3 g 2
= = . o = - -
e 3 gla| 22| 3
g2 Z P
Material Description & - ~ = |~ | =
Weathered Pale Olive (10 6 2) shale: fresh
Medium Light Gray (N6 ) to Medium Gray
(N3) and stained Moderate Brown (3YR
54) Vertical bedding at 22.3-24.1 (darker
grav shale), 24.3-24 7. Convolute distrubed
bedding at 25 423 8.Continwed Next Page
50 2 | 81| 403 3
S0 3199 39.06 2
£7.1
Medium Light Gray (N6 ) 1o Medium Gray
(N3 ) silty shale wit abundant horizontal
fractures on surtace of core. Top 0.515
t Brown (3YR 3 6) with
bedding
3 1396|1834 3
32.0 908 (
Same shale as above but with fewer
fra
70 3316|4939 2

Remarks:

Base of Pleasant Grove Hill

Completion Deptle 36,5
Diate Started: 08/13/05

Date Completed: 05/13/0%

JAR INDEX

1.Degrades into pile of flakes or mud
s rapidly and ‘o

ms many chips

vl o f
il or develops &

# Tvpe L Retai
Slake Tvpe 2 Retained
aniel sl

ool pieces virmally maclinged

aterial consists of lage

Slake Tvpe 3: K el
small fragients

ks slowly and or develops few fractures

6.Mo change

CaC(3 %

High o hMedimu Dawability - 33%
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NEPARTMENT OF

Ej ﬁl‘l“GY Kansas State University

Project Number: 39-23

Site: Pleasent Grove. KS

K-7888-01

Project Name: Realignment of Hwv. 39, south of Lawrence. KS

in Douglas County

Surface Elevation: 940.(¢

Location: Sta. 531+30

Material Description

FIELD DATA

LABORATORY DATA

Giraplue Log
Diepth (ft)
Sample Tvpe
ROD
Moisture *a

Liquid Limat
Plastic Linut

Clompression
Cal'(03 %

Plasticity Index
Jar Index

Unconfined
Slake Durability
Index

Slake Tvpe

12.3

9279

Same weathered silty shale as above.
Vertical bedding fractures at 13 4-13.1.

90

924 9

wn
|

BORING LOG LAWREN-1.GPJ KANSAS STATE.GDT 51/06

Same weathered silty shale as above,
Vertical bedding fractures at 153.4-16.4 and
17-17 3becoming broken blocky shale.

17.3

P 90

922.7—"

Yellowish Gray (3Y 7 2) weathered

silty sandy shale stained Dark Yellowish
Orange (L0YR 66} with Moderate Reddish
Brown ( HYR 4 6) won cementation. Fresh
Light Gray (N8) shale. 18.3-22.3 more
weathered with vertical bedding fractures
{bad shale).

p23

Weathered Pale Olive (10Y 6 2) shale: fresh
Medium Light Grav (N6 to Medium Gray
(N3 and stained Moderate Brown (3YR
54y, Vertical bedding at 22.3-24.1 (darker
eray shale). 24.3-24.7. Convolute distrubed
bedding at 25.

3199 3903

Remarks:

RBase of Pleasant Grove Hill

Diate 5
Drate Completed: 33/ 13/058
Divilled By:
Logged By

JAR INDEX

4 Breaks

Slale Tvpe I Retained pieces virmally naclionged
Slake Tvpe 2 Retained matenial consists of lange
aned sall pieces

6.Mo change

1.Degrades into pile of flakes or mud

2 Breaks rapidly andor forms many ¢hips

3 Breaks rapidly and'or forms few chips

slowly and or develops several fractures
3. Breaks slowly and or develops few fractures

CaCO3 %

Slake Tvpe 3: Retained matersal is
small fragients

High o hMedimu Dawability - 33%
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NEPARTMENT OF

:_"‘ ﬁ"l“GY Kansas State University

Project Number: 39-23 K-T888-01

Project Name: Realignment of Hwy. 59, south of Lawrence. KS

Site: Pleasent Grove. KS in Douglas County

Remarks:

Base of Pleasant Grove Hill

BORING LOG LAWRENCE SHALE 1.GPJ KANSAS STATE GDT 4/26/05

Diate Started: 05
Diate Completed: 0571305
Divilled By:
Logged By

Surface Elevation: 940.0 FIELD DATA LABORATORY DATA
Location: Sta. 531+50) 50 2 .=z | = g ] 2
= = LE 3 E E % e & ‘E g E
: |2 2|18z |3 sz 22| 2
S5 2|32 2|z IR Z
Material Description 5 & # & = - A SIS F
36.5 o3 == |
40 —
45 —
Completion Depil JAR INDEX

Slale Tvpe I Retained pieces virmally naclionged
Slake Tyvpe 2 Retained naatenal consiats of lage
aned sall pieces

1.Degrades into pile of flakes or mud
2 Breaks rapidly and'or forms many chips

3 Breaks rapidly and'or forms few cly

4.Breaks slowly and or develops several tractures
3. Breaks slowly and or develops few fractures

6.Mo change

CaCO3 %

Slake Tvpe 3: Retained matersal is
small fragients

High o hMedimu Dawability - 33%
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