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David C. Harris

Kentucky Geological Survey

228 Mining and Mineral Resources Bldg.
University of Kentucky

Lexington KY 40506-0107

(859) 323-0545

dcharris@uky.edu

Subject: X-ray Diffraction Analysis
K/T File No.: 710341

Dear Dave,

This report presents the results of bulk (whole rock) and clay fraction (<4 micron) X-ray
diffraction (XRD) analysis performed on 10 samples. This analysis is performed to provide
mineralogy of the samples.

Enclosed find the tabular XRD data (weight percentage), the X-ray diffraction traces and a
detailed description of sample preparation and analytical procedures. For your convenience, |
have sent a copy of this report via e-mail.

Unused portions of the samples will be returned upon request. If you have any questions
concerning these results or if you need anything else please contact me at (940) 597-9076.
Thank you for using K/T GeoServices to perform your X-ray diffraction analyses and | look
forward to working with you again in the future.

Sincerely,
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James P. Talbot, P.G.

NOTICE: The results and interpretations presented in this report are based on materias and information supplied by the client and represent the
judgment of K/T GeoServices, Inc. This report isintended for the client's exclusive and confidentia use, and any user of this report agrees that
K/T GeoServices, Inc. and its employees assume no respons bility and make no warranties or representation as to the utility of this report for any
reaon. K/T GeoServices, Inc. and its employees shal not be ligble for any loss or damage, regardiess of cause, resulting from the use of any
information contained herein.
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X-ray Diffraction Data (Weight Percent)

ZLSTO660LY TAY “AM “AIUN0Y) UARA ‘IS [# UOXK
6159 I “A 0D UOSUYO[ ‘SWRTIA [# PUBIYSY

SIDART IO 04,C T YUM OIS QU] JART-PIXI]A PRIBPIO - SST S/ TN ¥«

0001 T¢I 9C¢ ¢6 ¢CL ¥#Ie 11 €C 00 +¥8 TS &CI CII 69 11C €L6I11 PIUS [#UOXXY O THA
0001 #9 61 SLI €11 IT'L€ 80 0¢ 00 8S ¥9 ¥¢€l 69 vL Tol OTolll PUS I7U0xXH 60THA
0001 S9 0T 191 S0l I'st €1 81 00 T9 ¥o6 o6CI 06 0L €LI €8LIIT PUS [7UOXXH BOIHA
000T 6¢ 61 €CI 98 L8 ¥I 9T 00 ¥T 8%l LPC €€ TS 6F1 €LOITT YNWS [#UOXXH LOTHA
<
I

000 L9 61 0€C€I IT6 L0OE60 #T €Il 00 TF 991 68 88 O 6 SSITT YyNw§ T# UOXXH 90THA
0001 §9 81 SLI 611 LLE 60 9T TL 00 00 8C 8% 0TI 1CC 61FI11 Yus J#UOXXYH SOITHA
0001 OIl ¥€ TEC €91 6CS 00 60 00 6§ 00 £€T L¥ 86 S¢€C 89 [# PURYSY  FOTHA
000I I'cl €T [I'Ic 19 81§ 00 O 00 ¥S 00 S¢S TF 88 LT 0679 [# PUBYSY  €OTHA
0001 6'LL LT €%C 8¢C LT9 00 81 +¥1 00 00 Ol 1+ 611 I'LL 8LI9 [# PUBIYSY c0IHA
0001 601 ST LEC S0T 9L5 00 <0 Il 00 00 ST SS 601 6CC £L9 [# PUBYSY 10THA
3 ¢ & 8 ¢ E B x v g 4 2 & & B B = =
= & B z & B B s 5 5 ° & g " 3
S w = E. g 32 B a
— w e
wn ”.I
g

December 8, 2010

Page 2 of 27

See page 4 for adiscussion of X-ray diffraction terminology and limitations.
Sampl e preparation and anal ytical procedures are on page 5.

X-ray diffraction traces are on pages 6 — 27.

See page 3 for minera definitions.
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Mineral Definitions
Phyllosilicate (Clay) Minerals

Mixed-Layer Illite/Smectite

A clay mineral group containing interlayered or interstratified Illite and Smectite. The mixed-
layer clay typeisidentified by the minerals involved (lllite and Smectite in this case), the type of
order or stacking along the Z axis (R3 ordered in this case), and the proportions of the mineras
involved (85% lllite and 15% Smectite in this case).

lllite & Mica

lllite & Mica (muscovite) are common non-expanding (non-swelling) minerals. lllite is the fine-
grained clay mineral analogue to muscovite. Illite and Mica are hydrated silicates containing
potassium, silicaand alumina.

Kaolinite
Kaolinite is a common non-expanding (non-swelling) clay minera. It is a hydrous auminum
silicate with the general formula Alx(Si2Os)(OH)4.

Chlorite
Chlorite is a common non-expanding (non-swelling) clay mineral. It is a hydrous aluminum
silicate that often containsiron.

Rock Forming (nonclay) Minerals

uartz
Quartz (SI0y) isthe most common rock-forming mineral.

K-Feldspar
K-Feldspar (KAISi3Og) is a potassium bearing feldspar and can be Orthoclase, Microcline or
Sanidine.

Plagioclase

Plagioclase is a mineral series ranging in composition from Albite (NaAlISisOg) to Anorthite
(CaAl»Si»0g) and is one of the most common rock forming mineral groups.

Calcite
Cadlcite isacommon hexagonal carbonate mineral with the formula CaCO:s.

Mg-Calcite
Mg-Calcite is a carbonate mineral with the general formula (Mg,Ca)COs.

Fe Dolomite
Fe-Dolomite is adolomite that contains Fe and has the general formula (Fe,Mg)Ca(COs) .

Pyrite
Pyrite (FeS,) is an iron sulfide and is also known as fool’s gold.

Reference for genera mineral definitions: Dictionary of Geologica Terms, American Geological Ingtitute, 1976,
Anchor Press/'Doubleday, Garden City, New Y ork.
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K/T GeoServices, Inc.
Whole Rock and Clay Fraction XRD
Discussion of Terminology and Limitations

Weight percentage data from X-ray diffraction methods are considered semi-quantitative. There
are many factors affecting the results.

XRD methods can quantify crystalline material only. Organic non-crystalline material in large
concentrations can be detected but not quantified. Therefore, any organic and/or non-crystalline
material is not included in the accompanying results.

Detection limits for XRD are on the order of one to five weight percent. The detection limits
differ for each mineral species.

Mineral standards used to determine calibration factors are often different from the actual
mineras analyzed. Minerals such as feldspars that undergo solid solution are especially
problematic. Clay minerals are problematic for this same reason. Clay minerals also have a
wide range of crystallinities (poorly crystalized to well crystallized) which may compound this
problem.

With this method the data aways sums to 100%. This means that the percentages reported for
each mineral are dependent upon the percentages reported for the other minerals. If one mineral
is underestimated the others will be overestimated. Also, if one or more minerals are present but
not detected then the percentages of the minerals that are detected will be overestimated.

Any or al of the above factors may affect the estimated weight percentages.

Data are formatted as weight percent, but are actually calculated as weight fractions. Therefore,
slight rounding errors may be observed in the formatted data.

For this analytical method, the clay fraction is defined as the <4 micron ESD (Equivalent
Spherical Diameter) fraction of the sample. Clay fraction does not mean clay mineras
(phyllosilicates) only, it is a size term and as such this size fraction can and amost always does
include non-clay minerals (quartz, plagioclase, etc.). This size fraction is used because it
typically contains abundant clay minerals.
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K/T GeoServices, Inc.
Whole Rock and Clay Fraction XRD
Sample Preparation and Analytical Procedures

Sample Preparation

Samples submitted for whole rock and clay mineral XRD analyses are cleaned of obvious
contaminants and disaggregated in a mortar and pestle. A split of each sample is then transferred
to distilled water and pulverized using a McCrone micronizing mill. The resultant powder is
dried, disaggregated, and packed into a metal sample holder to produce random whole-rock
mounts. A separate split of each sample is dispersed in distilled water using a sonic probe. The
suspensions are then size fractionated with a centrifuge to isolate clay-size (<4 micron equivalent
spherical diameter) materials for a separate clay mount. The suspensions are then vacuum
deposited on nylon membrane filters to produce oriented clay mineral mounts. The clay mineral
mounts are attached to glass slides and exposed to ethylene glycol vapor for approximately 12
hours.

Analytical Procedures

X-ray Diffraction (XRD) analyses of the samples are performed using a Siemens D500
automated powder diffractometer equipped with a copper X-ray source (40kV, 30mA) and a
scintillation X-ray detector. The whole rock samples are analyzed over an angular range of five
to sixty degrees two theta at a scan rate of one degree per minute. The glycol solvated oriented
clay mounts are analyzed over an angular range of two to thirty six degrees two theta at a scan
rate of one degree per minute.

Semiquantitative determinations of whole-rock mineral amounts are done utilizing integrated
peak areas (derived from peak-decomposition / profile-fitting methods) and empirical reference
intensity ratio (RIR) factors determined specifically for the diffractometer used in data
collection. The total phyllosilicate (clay and mica) abundance of the samples are determined on
the whole-rock XRD patterns using combined {00} and {hkl} clay mineral reflections and
suitable empirical RIR factors.

XRD patterns from glycol-solvated clay-fraction samples are analyzed using techniques similar
to those described above. The relative amounts of phyllosilicate minerals are determined from
the patterns using profile-fitted integrated peak intensities and combined empirical and
calculated RIR factors. Determinations of mixed-layer clay ordering and expandability are done
by comparing experimental diffraction data from the glycol-solvated clay mounts with simulated
one dimensional diffraction profiles generated using the program NEWMOD written by R. C.
Reynolds.
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Bulk (Whole-Rock)
X-ray Diffraction Traces
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Ethylene Glycol Solvated
Clay Fraction (<4 micron)
X-ray Diffraction Traces
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