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Executive Summary

A study was initiated to evaluate the potential of co product minerals and metals in
Alberta's oil sand deposits. Phase I, which comprises this study, concentrated on
determining suitable methods of sampling and analysis. The goal is to determine the
concentration of elements in oil sand as a function of;

- geological facies
- the bitumen phase
- the organic phase

Two cores from the Sandalta oil sand lease (mineable oil sands lease 30) were selected for
this phase of the study. The cores were selected to represent the main geological facies
present. One core contains a good section of rich oil sand. The other contains a section of
lower grade oil sand 2ad waste.

Methods for sampling cores and extracting representative samples were explored.
Recommended procedures are outlined in the report.

Methods for determining the presence and concentration of 55 elements were also
explored. Methods chosen for the work program included:

- induced neutron activation analysis (INAA or INA)
- induced coupled plasma (ICP),
- fire assay

Each method of analysis is suitable for some elements and not for others. The neutron
activation method has inherent advantages so was used wherever it was suitable. ICP was
used as a back-up. Fire assay methods were used to detect the extent of precious metals.

Two hundred samples were extracted from the cores and prepared for elemental analysis.
In addition a limited number of samples were obtained to examine different grades of ore,
different types of tailings, and leachate from a pilot plant that was investigating extraction
of aluminum from tailings material.

In all over 10,000 analyses were performed. Analysis work was split between three
laboratories to allow completion in the time available.

The data was analyzed statistically, by comparing duplicate analyses, by plotting trends, by
cross plotting results and by plotting the results on bore hole logs.
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Principal findings:

1. Procedures were developed to:

- secure representative samples,

- prepare samples for analysis,

- analyze to determine the presence and concentration of elements present,
- manage and interpret data.

2. 200 samples were extracted from two core holes cores and over 10,000 analyses
performed to determine the concentration of elements present.

3. The concentration of elements ranged from one part per billion to 500 million parts per
billion. It is a challenge to appraise results that span eight orders of magnitude.

4. Occasionally, elemental cross plots from one hole did not agree with the results from
the other hole. In those cases it was found that concentrations indicated by ICP analysis
were significantly higher than concentrations indicated by INA analysis. It is believed that
aluminum was affecting the ICP analysis of certain elements (Cd, Mo, and Pb,)

5. Aside from the anomalies noted above, results were shown to be accurate. This
indicates that the sampling and analysis procedures were appropriate to detect normal
elemental concentrations in the oil sands.. Accuracy was shown by a number of
techniques:

- statistical analysis of the data,

- chemical balance of input and output streams,

- trend plots that require accurate data to work,

- agreement between duplicate analyses

- agreement between geophysical logs and elemental concentration,

6. Concentrations of the elements were determined - overall and as a function of geology.
Ranges and statistical averages were determined for each element and for each facies.

7. It was not practical to explore elemental relationships with organic compounds in oil
sand using samples recovered from core. That aspect is a function of extraction processes
and their respective tailings.

8. Depositional environments that existed at the time the formations were developing were
excellent sorting mechanisms. Geological facies reflect the different depositional
environments. The sorting accorded to each facies is reflected in the chemical analysis.
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Facies that reflect high energy depositional environments tend to be coarse grained, have a
high bitumen content, have a high silica content and are low in the concentration of most
other elements.

Facies that formed in low energy depositional environments tend to be fine grained, have a
low bitumen content, have a lower silica content and higher concentrations of most other
elements.

9. There appears to be a positive relationship between the amount of clay sized material
(amount finer than two microns) and the aluminum content.. As the amount of clay sized
material increases so does the aluminum content.

10 There also appears to be a positive relationship between aluminum and the other
elements. As the aluminum content increases so does the concentration of most elements.
Exceptions include silica and cobalt which decrease with aluminum content, and chlorine,
cobalt and the precious metals that appear to be randomly distributed.

11. There is a good relationship between the gamma count, and:

- the amount of clay sized material
- aluminum and other elements that are concentrated in fine grained materials,
- methylene blue index - an indicator of the amount of clay sized material,

This relationship can be used to predict the following from gamma logs:

-the amount of clay sized material and in turn
- the processability of feed in extraction,
- the amount of potential sludge forming material.

12. Physical characteristics of the main facies were determined:

- grain size distribution,
- amount of clay sized material,
- methylene blue index

13. Tailings were found to follow the trend of element concentrations observed in
progressing from high grade to low grade ore. Fine tails contain even higher
concentrations of aluminum and the other elements. Aluminum is a good descriptor to
characterize fine tails.
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14. Acid leaching usually removes metal components. The pilot process reviewed in this
study was found to selectively remove aluminum, chlorine and iron from fine tails.

15. The concentration of titanium and zirconium appears to increase considerably in fine
grained facies. This suggests that there may not be as much of these minerals in
recoverable heavy minerals as has been believed.

16. The concentration of nickel and vanadium , (and for that matter most elements) also
appears to increase in fine grained materials. This raises questions about theories that link
nickel and vanadium to bitumen (which tends to decrease in fine grained materials).

17. The concentration of precious metals was generally only a few parts per billion. These
detections represent extremely small, widely and apparently randomly distributed deposits.
The presence of more extensive placer deposits of precious metals was not detected, but
neither was their absence proven. Other approaches that analyze large masses of material
would probably be needed to determine if placer deposits of precious metals are present.

Overall we believe that the study was worthwhile and that the goals of the study have been
achieved. Many of the findings are new. Spin-off applications should benefit the industry.

Results are available on a floppy disk so students may further evaluate the data if
interested.

Suggestions are offered to guide further studies.

e

D. W. Devenny Ph.D. P Enk/ P Geol.
Principal Investigator
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CHAPTER 1 INTRODUCTION

1.1 The program

This study of potential mineral and metal co products in the Athabasca oil sands was
undertaken as a cost sharing arrangement between Gulf Canada Resources and the
Canada/Alberta Partnership on Mineral Development administered through the Alberta
Department of Energy.

A proposal was submitted as a multi phase program in May 1992, Phase I became the
basis of the current study. It was activated after the Alberta/Canada Partnership was
executed in the fall of 1992. Funding for the current study extended from the time of
signing unttl March 31 1993.

The focus of the work was to determine the extent (concentration and distribution) of
potential co product minerals and metals present in the Athabasca from a geological
perspective.

Details about the proposed study are outlined in Appendix A.
Specifics for Stage I were as follows:

- select a site that is representative, on which the oil sand geology is well
documented, and that can serve as the basis of later studies,

- explore the potential of co products in a profile represented by two core holes.,

- develop procedures to obtain representative samples from each geological facies

- develop analytical procedures to reveal the main elements present in each facies
and identify the different associations (associated with solid, bitumen or organic
phases),

- determine if the elements can be extracted by leaching with strong acid.

1.2 Justification for Undertaking the Study

The Athabasca oil sands of northern Alberta contain vast reserves of bitumen. Commercial
development of these reserves offers significant social benefit to Alberta. Unfortunately,
the economics of extracting bitumen alone are marginal and development is not
proceeding.

Little is known about the extent, distribution, or potential value of other resources in the
oil sands. Heavy minerals, base metals, precious metals and rare earths are known to be
present as minor constituents.
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It is doubtful if commercial extraction of the mineral or metal component of the oil sands
will be economical on a stand alone basis. However, the economics change drastically if
recovery is considered in conjunction with activities associated with bitumen recovery.
Synergy between the two operations can help the economics of both operations, If
economic synergies are found between bitumen recovery and the extraction of co products
the implications to commercial development and to the Alberta economy would be
immense.

To date, studies of the potential of co products have had limited scope. No public domain
studies of a comprehensive nature have looked at the whole picture - starting with the
geological resource base, and identify what is potentially recoverable under a variety of
synergistic operating conditions. In view of the importance of the topic to Alberta, the
current study was proposed and supported.

Further information cn the potential associated with co product recovery is contained in
Appendix B.

1.3 Report layout

The study involves a lot of data - over 10,000 analyses - and their interpretation.

Key information is highlighted in the body of the report. Supporting data and more
detailed assessments are contained in the appendices.

The layout of the information is self evident from the report index.

14 Study team and methodology

The study team consisted of the following:

Principal Investigator Dr. D. W. Devenny P. Eng., P. Geol
Gulf Professional Staff Dr. A. Szlachcic

G. Gray
Consultant R. McCosh P. Eng

of McCosh Resource Consultants Limited



The study team continued:

Analytical Laboratories Activation Laboratories Ltd. Ancaster, Ont.
Gulf Canada Laboratories, Calgary, Alberta,
The University of Alberta, Edmonton, Alberta

Project Advisors Dr. F. Goodarzi, ISPG, Calgary, Alberta
Dr. D. Taplin P. Eng. Komex International Ltd.
Calgary, Alberta.
Other support services as needed

The Gulf team, assisted by R. McCosh planned and managed the program.
Key steps in executing the work:

- identifying options to be covered,

- defining work programs with their associated schedule and costs,
- selecting facilities for analytical work,

- managing sampling, sample preparation and expediting,

- receiving data and interpreting results,

- documenting results.

A trial program was undertaken at the start of the program. This involved preparing
reference samples and submitting duplicate samples to the different laboratories for trial
analyses. This approach proved to be invaluable because it:

- allowed refinement in the approach to:
- sampling,
- sample preparation,
- analysis
- data handling
- demonstrated that the planned approach was reasonable.

More detail about the trial program is contained in Appendix C.

The schedule for the main program was dictated by the time to perform chemical analyses.
The primary method of analysis involved scheduling work to obtain access to 2 nuclear
reactor. This was followed by a period to allow cooling before measurements could be
taken. As a result two to three months was required for tumn-around-time. There was little
time for repeat testing or interpretation of results. Work was concluded by the principal
investigator after the funding period.



CHAPYER 2-THE PROGRAM
2.1 Sampling procedures

The goal of the sampling program was to obtain representative uncontaminated samples of
each facies of the oil sand.

Considerations for the sampling program:

1. Site selection.

2. Drilling program to avoid introduction of contaminants.

3. Extracting representative uncontaminated samples from core:
- avoid contamination by drilling mud,
- avoid contamination from sloughed material in the hole,
- sample all horizons,
- represent facies present,
- detect variations within a facies,
- avoid contamination from sampling equipment,

Procedures used to meet the above goals are outlined in Appendix D.

Two core holes were selected from the Sandalta mineable oil sands lease (Lease 30
located 40 km north of Fort McMurray on the east side of the Athabasca river. Geological
control on that lease is quite good with core holes drilled at 100 m centres on east west
cross sections and at 400 m centres in the north south direction. Major facies are known
to be present.

Hole 209 represents a rich oil sand profile. Hole 215 represents low grade oil sand with

reject zones. Together the two core holes contain adequate material for testing the major
facies.

Logs for the core holes are presented as Figures B.1 and B.2 in appendix B
A description of the overall geology in the area is contained in Appendix B.

Descriptions of the samples are contained in Appendix D,



2.2 Preparing samples for analysis

Preparation for analysis involved sub sampling to reduce the size of sample without
altering the composition and without introducing contaminants.

Procedures adopted to meet those goals are outlined in Appendix D.

2.3 Laboratory Analysis

In the main program 200 samples were tested to determine the presence and concentration
of elements present in each facies. The elements studied are grouped as follows:

Primary elements: Al, Ca, Fe, K, Mg, Mn, Na, P, Si, and Ti.

Minor elements As, B, Ba, Cl, Cr, Cs, Ga, Hf, Nb, Rb, S, Se, Sr, and Y.
Metallic elements Co, Cu, Mo, Ni, Pb, Sn, Vand W.

Precious metals Ag, Au, Pd and Pt

Rare earths Ce, Dy, Eu, Gd, La, Lu, Nd, Sc, Sm, Tb, Th, U, Yb.
Trace elements Bi, Br, Cd, Hg, Ir, Sb and Ta.

The goal in laboratory analysis is to accurately determine what is there and how much of it
is present without altering the composition or without introducing contaminants.

Over 10,000 analyses were performed to determine the presence and extent of elements
present.

Three analytical techniques were selected for the program:

- induced neutron activation analysis (INAA or INA)
- induced coupled plasma analysis (ICP)
- fire assay analysis

Each method of analysis has its good and bad points. A summary of the characteristics is
contained in Appendix D. Together the three analytical procedures meet the overall
needs of the subject program for detection limits and reliability of results.

The INAA offers some specific advantages over other methods. Consequently INAA
methods of analysis were used preferentially. When they did not work well ICP was used.
Fire assay was used to test the extent of precious metal present.
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The only uncertainty in the sampling program was the required size of sample to ensure a
representative analysis. The size of samples required by the different analytical procedures
was roughly as follows:

Method of analysis Size of sample
INAA 0.5 grams

ICP 5 grams

Fire assay 50 grams

The size of sample used would be adequate if elements are uniformly distributed in the oil
sand. However the sample size could be inadequate if anomalies of chemical
concentrations are present. This aspect will be addressed later.

Results of the analytical testing program are contained in Appendix E.

2.4 Miscellaneous testing program
Miscellaneous tests were performed to characterize:

- whole oil sand as a function of grade,

-, fine tailings,

- the effect of leaching,

- different ways of characterizing oil sand:
- grain size analysis,
- methylene blue index.

A description of these miscellaneous tests and results is provided in Appendix F.

CHAPTER 3 - ANALYSIS OF RESULTS
3.1 Data

Analytical data from the main program are contained in Tables E.1 and E.2 Appendix E.
The data are also contained on a floppy disk - in Excel 4.0 format.

Over 10,000 analyses are present.
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3.2 Statistical analysis of the data

Element concentrations cover eight orders of magnitude - from one part per billion to
500,000,000 parts per billion. This range in concentrations poses a challenge to statistical
analysis.

Statistical analyses are provided in Appendix G.

Formats used to display statistical trends are described by the following description of the
figures in Appendix G.

Figure G.1 shows the statistical distribution of each element considering all data. For each
element the figure shows:

- a histogram of the distribution of measured concentrations,
- statistics of the concentrations -max, min, mean, median, standard deviation,

Figure G.2 shows the mean concentration of each element by facies. Confidence limits in
the data are also indicated.

Figure G.3 also shows the concentration of selected elements by facies. The data is
presented in the same format as Figure G.1. The histograms show significantly different
concentrations of some elements in coarse vs. fine grained environments. Most elements
appear to be more concentrated in fine grained facies. Bitumen, cobalt and silicon appear
to be more concentrated in coarse grained facies.

Figure G.4 plots the distribution of the concentration of each element by facies. Fine
grained facies such as Salt Marsh, pro Delta Mud and Delta Marsh Mud have much higher
concentrations of most elements as noted above. Figure 3.1 illustrates part of Figure G.4.
Figure G.5 shows the mean concentration of each element in all facies. The same spread
between fine and coarse grained factes is evident.

3.3 Trend Analysis

Trend plots contained in Appendix H are used to show relationships that are difficult to
detect through statistical analysis. The principal plots are described below:

Figure H.1 shows a cross plot of the concentration of each element vs. the concentration
of aluminum. Data is shown for each hole separately as well as combined.
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Figure H.2 shows miscellaneous cross plots created to explore relationships between
various elements. The cross plots include: V vs. Ni, Ct vs. Na, U vs. Th, Lu vs. La, K and
Zr vs. Ti. Figure 3.2 illustrates some of the misceilaneous cross plots.

Figures H.3 and H.4 show plots of various concentrations against the Gamma count and
against the Methylene Blue Index. The gamma count data was obtained at the time the
holes were drilled and is summarized on Table E.7. Data plotted includes clay content,
aluminum content bitumen content and key elements. The data plotted in Figure H.3 was
restricted to samples that were also subjected to Methylene Blue Index testing. The data
plotted in Figure H.4 represents the entire data base. Figure 3.3 illustrates the gamma
cross plots.

Figure H.5 plots the concentration of various elements vs. the bitumen content. These
plots were made to appraise conclusions by others that some of the elements should show
different degrees of organic bonding.

Figure H.6 plots the concentration of key elements vs. depth that were appraised by both
INA and ICP analysis. The plots were made to determine if the two methods of analysis
agree with one another. Figure 3.4 illustrates part of Figure H.6.
Figure H.7 shows bore hole plots showing all data vs. depth:

- facies and geological descriptions,

- bitumen content,

- geophysical logs,

- concentration of all elements appraised in this program.

CHAPTER 4 - INTERPRETATION OF RESULTS

A detailed analysis of the cross plots for each element is provided in Table L1 and 1.2 in
Appendix I. General observations are outlined below.

4.1 Are the results accurate ?
Most of the analyses are believed to be reasonably accurate for the following reasons:
1. Chemical balances (Appendix E - Table E.3 and E.4) indicate that the results are

credible for the elements that are present in quantity. This approach does not verify data
for elements present as minor constituents.
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INAA vs. ICP for Aluminum
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2. Statistical analyses showed consistent trends for all elements. This would not be
possible if the measurements were not correct.

3. The cross plots show consistent trends. Samples were selected on the basis of geology.
The cross plots represent totally different relationships. The trends shown would not be
possible if there the analyses were not consistent.

4. Plots of duplicate analyses vs. depth show the same trends (Figure H.7). That would
not be possible if the analyses were not consistent.

5. The plot of element concentrations vs. depth on the bore holes (Figure H.8) show
remarkable consistency that would not be possible if the results were not accurate.

6. Plots of element concentration vs. aluminum content was repeated in the two core
holes. This would not have been possible if the results were not reliable. For those few
cases where the trends in each bore hole did not agree errors are suspected.(suspect that
Al affected some ICP analyses).

4.2 Linkage of elemental concentrations to geology

The depositional environments at the time the formations were deposited were excellent
sorting mechanisms. They sorted the sediments according to grain size - sand, silt and
clay. The sorting accorded to each facies is reflected in the chemical analysis.

Facies that formed in higher energy environments consist mostly of coarse grained
material and little clay. These facies are rich in silica and low in most other elements. They
are characterized by low gamma counts a low Methylene Blue Index and a high bitumen
content. Facies that reflect these environments include: fluvial channel, fluvial estuarine,
inter channel and, tidal channel and lower tidal flats.

Facies that formed in still water conditions contain fine grained material, a reduced sand
content and more clay. These facies contain less silica and more of most other elements.
They are characterized by high gamma counts, a high Methylene Blue Index and a low
bitumen content. Facies that reflect these conditions include: delta marsh mud, overbank
mud, pro delta mud and salt marsh.

The close link between geology and elemental concentrations is illustrated by the bore
hole logs. Figure 4.1 is part of the bore hole logs provided by Figure H.8 in Appendix 8.



-14-

Figure 4.1 Gulf - Sandailta Drill Hole
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4. 3 Linkage of elements to aluminum

Many elements show a positive relationship to aluminum. As the aluminum content
increases so does the concentration of these elements. The same relationship extends to
the amount of clay sized material.

Figure 4.2 shows the different types of relationship with Aluminum and offers a possible
explanation for the trend.

The linkage between the amount of clay sized material and aluminum is shown by Figure
H.3 on page H.25. It shows identical relationships between the Methylene Blue Index, %
clay sized material and aluminum content when plotted against the gamma count.

The aluminum content should be used as a descriptor of fine tails - to indicate the amount
of clay sized material present.

4.4 Some anomalies in the cross plots with aluminum

Some cross plots for metals reveal different relationships for each bore hole. The
differences vary from different trends to different concentrations. (e.g. Cd, Mo, Pb, V)
The difference is attributed to errors in the ICP analysis (believe ICP analysis of those
elements was affected by aluminum ).In those cases the INAA concentration is believed to
be correct,

The plot for barium shows a distinct bilinear relationship with aluminum, The plots are
attributed to two modes of origin for barium. .

Figure 4.3 illustrates the anomalous plots.
4.5 Some unexpected trends
Titanium Zirconium concentrations are greatest in fine grained clay rich zones. The

association with fine grained material (waste zones for bitumen extraction) could mean
that the extent of these elements in heavy minerals is less than was once believed.

Nickel and Vapadium concentrations also appear to be greatest in fine grained clay rich
zones. This challenges theories about their association with bitumen.

Most elements (with the exception of chlorine, cobalt and silica) appear to be more
concentrated in the fine grained facies.

Rare earth concentrations plotted vs. depth closely resemble each other as well as the
gamma log.
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Figure 4.2 Cross Plot Trends With Possible Explanation
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Cross plots for U vs. Th and Lu vs. a show strong positive linear relationships. The trend

is attributed to their presence as consistent impurities in the clay minerals.

Detectable amounts of precious metals are widespre - ibution does not show
any consistent pattern. Some high concentrations were encountered (one part per million
for gold). However, usually the concentration of precious metals was low.

Sodium vs, Chlorine relationship is scattered. This suggests that they do not exist in the

ground as NaCl. Indeed Cl appears to be somewhat randomly distributed in the profile.

4.6 Results from the miscellaneous testing program

Figure F.1 shows that low grade ore contains more aluminum and its associated complex
of other elements than high grade ore.

Fine tails contain even more of the aluminum related elements.
The leaching pilot selectively removes Al Cl and Fe.

Hydrometer based grain size analysis is much more accurate in detecting the extent of clay
sized material present. Figure 4.4 shows that commonly used traditional methods can
seriously underestimate the amount of clay sized material present.

Figure H.3 shows that there is a close relationship between the Methylene Blue Index and
the clay content,

4.7 Linkage to gamma count

A Linkage to gamma count is apparent from Figure H.4. The linear relationship indicates
that the gamma count can be used to indicate the potential bitumen content, the clay
content and the presence of the complex of elements related to clay. The linear
relationship with potassium, thorium and uranium suggests the origin of the gamma
radiation,

4.8 Bitumen cross plots (Figure H.5)
The bitumen cross plots were constructed to determine if there was any difference in the

trend indicated by elements expected to be totally organically bound, predominantly
organically bound, and those with no organic bonding.
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The plots involve the analysis of whole oil sand. No attempt has been made to determine
the organic content.

In general the plots show a negative relationship between the concentration of the various
elements and the bitumen content. Cobalt is the exception. It shows a scattered positive
relationship.

From Figure H.5 it is concluded that the elements identified show a stronger relationship
to clay or aluminum than to bitumen.

CHAPTER 5 POSSIBLE SPIN-OFF APPLICATIONS
Possible side benefits from the current study are outlined below.
5.1 Background information of elements present.

The study reveals that most elements are present in oil sands.

Information on the concentration of elements and their chemical form is needed to
appraise reclamation needs.

Some of the measured concentrations exceed limits suggested by regulators. This is not
surprising as it is natural ground that is being examined. Table E.6 shows the natural
concentration of each element in the earth's crust. The natural concentrations also exceed
limits suggested by the regulators. The natural occurrence of elements in the earth’s crust
is summarized in Table E.6. It is interesting to note that the natural concentrations
frequently exceed limits suggested by regulators.

In reclamation studies the stability of elements under long term weathering conditions is
more important than the concentration.

5.2 Interpreting performance from gamma logs
The study showed a strong relationship between the gamma count and other data.

This relationship has been used for many years by geophysicists to predict the clay content
of formations penetrated by a bore hole. The geophysicists assume that the radiation
comes from radioactive impurities that are present in the clay minerals in consistent
amounts. This allows calibration and use of the phenomenon.
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Plots in Appendix H show a number of relationships that support the use of gamma logs in
oil sand work. These include:
- the strong relationship between gamma count and:
- clay content
- aluminum content
- potential radioactive source elements
- strong relationships between aluminum and potential radioactive sources
-K,U,and Th
- 8 positive relationship between the Methylene Blue Index and
- clay content
- aluminum content.

With this information it should be possible to predict the following from gamma logs:
- clay content
- potential bitumen content of the oil sand ( potential if saturated)
- processability of oil sand feed (related to clay content)
- extent of sludge formers in the feed
- extent of potential fine tails make,
The path to predicting performance from gamma logs is illustrated by Figure 5.1.
It is noted that operators currently use a coarse size to describe the fines present in oil
sand feed (minus 44 microns or minus 22 microns rather than the minus-2 microns

proposed herein). However, the minus 2 micron size more accurately reflects the size of
particle that affects performance.

CHAPTER 6 RECOMMENDATIONS FOR FUTURE WORK
The current study identified the concentration of elements in the various facies.
Other linkages:

1. Elements linked to the different extraction processes

Some extraction processes extract bitumen alone. Others extract organic materials along
with the bitumen.
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Figure 5.1 Prediction from Gamma Log
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It would be instructive to examine the bitumen recovered by each process to determine the
related elements and their concentrations.

6.2 Mineralogy associated with the different element concentrations

The current study identified elements and their concentrations. Tht; next step is to
determine mineralogy that the elements are associated with. This information will be
needed to appraise chemical stability relative to extraction and to reclamation.

6.3 Concentration of elements in process streams

It would be instructive to determine the concentration of elements in the various process
streams of a commercial plant. Factors that should accompany the study:

- a material balance for all process streams that shows the distribution of all fine
and coarse grained materials,

- a chemical balance for all process streams,
- mineralogy associated with elements of interest.

6.5 Carry out stages 2 and 3 of the current proposal
Stage 2 appraise the co product potential of a large block of oil sand
Stage 3 appraise the co product potential of Alberta's oil sands deposits.
The work could be undertaken by others as long as the criteria for a suitable site outlined
on page B.4 are met.
6.6 Determine the size of sample needed to appraise the extent of precious metals
The current program identified precious metals that are inherently present in the oil sand.
Due to the erratic nature of the precious metal concentrations it cannot be stated with

certainty that attractive placer deposits do not exist.

If placer concentrations of precious metals exist it is suspected that they will be extremely
fine grained (much finer than in traditional deposits.
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Methods of exploring the potential of placer deposits being present include:

- an extended run of concentrating options (e.g. by centrifuge)
- test the content of very large samples

CHAPTER 7 - GOALS AND ACCOMPLISHMENTS OF THIS PROGRAM

The original goals of the current study and the progress against them is summarized in
Table 7.1

Table 7.1 Progress against original goals:
Task Status
1. Select a site suitable for the appraisal Done
2. Develop an appropriate procedure to Done
take representative, uncontaminated
samples.
3. Develop an appropriate procedure to Done
prepare samples for testing. to obtain
representative, uncontaminated samples.

4. Develop appropriate procedures to Done
determine the concentration of elements

present.

5. Determine the elemental concentrations Done
in two core holes.

6. Determine the association between Done

elemental concentrations and geology
7. Determine the association of elements ~ Because of the persistent relationship

with: between many elements and aluminum it is
- solid constituents, believed that most elements are related to
- bitumen solid material
- organic material Plans to appraise linkages to bitumen or

organic material were dropped because
this requires an extraction process. It is
' not practical to do it on core.
8. Appraise the potential to extract co Done
products by leaching with strong acid.
9. Determine index properties of oil sand: Done
- grain size analysis,
- methylene blue index
Determine cross correlations Done
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Most of the goals of the program have been accomplished.
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APPENDIX A
THE STUDY PROGRAM

A.1 The overall proposed program
Stages of the proposed study were as follows:

Stage 1 - select a site that is representative ,on which oil sand geology is well documented
and that can serve as the basis of later studies,
- explore the potential of co products in a profile represented by two core holes.,
- develop procedures to obtain representative samples from each geological facies
- develop analytical procedures to reveal the main elements present in each facies
- determine association of the elements with different phases (solid, bitumen or
organic phases)
- determine if products can be extracted by chemical leaching

Stage two was to build on stage one by appraising the potential in a 200 hectare
representative block of oil sand.

Stage three was to extend the data further and appraise the potential of co product
potential in Alberta's oil sand deposits.

The three phases outlined did not address the development of extraction processes to
jointly recover bitumen and minerals/metals. Nor did they address the overall economics
of co production of bitumen and minerals/metals. Those studies would be carried out if the
early phases show promise.

A.2 Details of Stage 1

The goal of phase one was to develop appropriate procedures to sample and to analyze oil
sand to determine:

- what metals are there (essentially all elements - even trace amounts)

- how those present are tied to the different phases (bitumen, organic, or solids)
- what is extractable by acid leaching,

- how the elements are distributed by geological facies.



A2-

Specific steps:

Determine the extent (concentration and distribution) of potential co products present in
the Athabasca oil sand from a geological perspective.

1a. Select a representative area that has been drilled in detail and for which the
geology is well documented in three dimensions,
1b Develop procedures to obtain representative samples from each facies,
1¢ Develop analytical techniques to reveal the major elements present and how
they are present in the oil sands:
- determine the presence in parts per billion if necessary
- determine how it is present:
- in the bitumen phase
- in the organic phase
- in the solid mineral phase
- amount extractable by chemical leaching
1d Evaluate the concentrations according to geological facies and other character-
sticks such as particle size, clay content, bitumen content etc.,
Ie Determine the related mineralogy if pertinent.

The goal of identifying the concentration of elements associated with the organic phase
was dropped when it became apparent that this distinction is linked to specific extraction
processes and cannot practically be determined from elemental analysis of core samples.

The study concentrated on elemental analysis so did not address mineralization.
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APPENDIX B

B.1 The potential associated with co product recovery

The Athabasca oil sands of northern Alberta are well known for their vast reserves of
bitumen. However, little is known about the extent, distribution, or potential value of
other resources. Heavy minerals, base metals, precious metals and rare earths may also be
present,

Commercial development of the oil sands offers significant benefit to Alberta.
Unfortunately the economics of extracting bitumen alone are marginal. As a result there
have not been any new developments in the mineable portion of the Athabasca deposits
since Syncrude started operations in 1978.

It is doubtful if commercial extraction of the mineral and metal component of the
Athabasca deposit will be economical on a stand alone basis. However the economics
change drastically when recovery is considered in conjunction with mining activities to
extract bitumen. Activities to recover bitumen cover the mining cost. Some of the
extraction activities concentrate heavy minerals and metals. Together these factors should
greatly reduce the cost of recovering co products. In addition some of the steps taken to
extract metals could offer solutions to environmental challenges associated with the
reclamation of oil sand operations.

Costs associated with the recovery of minerals and metals as co products will be much
lower than costs associated with recovery of minerals and metals alone. As a result the
grade of deposit needed for economic recovery of co products will be much lower than
the break-even grade of a deposit considered for traditional stand alone recovery.

The net effect of the above is that there is a high potential for synergy between bitumen
recovery and mineral/metal recovery. The use of such synergy is compatible with today's
outlook on maximizing value in resource extraction. Identification of favourable synergies
would allow commercial recovery of both bitumen and mineral/metal reserves. The scale
of development that would follow if oil sand development became viable is immense - as
are the associated benefits to Alberta.

Co product recovery has been considered with the existing commercial oil sand operations
but has not proceeded because:

- the extent and distribution of co products in the ground is not known,
- the grades of potential co products are much lower than those required for
traditional mineral or metal recovery,
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- studies of co product recovery have concentrated on part of the minerals and
metals present and has never addressed the full potential.

- studies which have focused on the recovery of heavy minerals in their natural
state have been dealing with a product of marginal value,

- owners and operators of the commercial plants are not knowledgeable about
mineral or metal recovery, Their focus has been toward oil recovery alone.

B.2 What is known about co products and previous work

Preliminary work by others has identified interesting accumulations of heavy minerals,
base metals, precious metals and even rare earths. The heavy minerals of greatest interest
include titanium and zirconium based minerals that are believed to be concentrated in
some horizons. Base metals include aluminum that is probably concentrated in the clay
sized fractions. Precious metals and rare earths are believed to be present in small
quantities that may be extractable in conjunction with other operations.

Concentration of some of the heavy minerals have been studied in process streams in the
existing commercial plants. Little if any work has been done to determine the distribution
and concentration of heavy minerals and metals in different geological facies of the
Athabasca Qil Sands. Similarly little if any work gas been done to appraise the extent of
metals that can be removed by acid leaching. Both of the foregoing aspects must be
determined and possible approaches to recovering co products appraised before the full
economic potential can be appraised.

The presence of heavy minerals in the Athabasca oil sands is well documented. The
Alberta Research Council (Carrigy, 1963) examined heavy minerals of coarser fractions of
the McMurray Formation. Since then several studies have been completed in the public
domain and within private sources. One of the most complete was undertaken by the
Alberta Research Council (Kramers and Brown 1978). In that study heavy minerals were
extracted from samples obtained from selected drill holes from several locations.

The elemental concentration in oil and bitumen has been researched by many. Curials
(1974) and Parnell (1988) investigated trace elements in crude oil and bitumen as a
possible tool for mineral exploration. Jarvis et. al. (1982) investigated trace impurities in
various petroleum products including Athabasca oil sands to determine their fate during
extraction and upgrading. Hitcheon and Filby (1984) attempted to determine the origin of
Alberta crude oils through the extent of 11 trace elements in the oil. Majid and
Ripmeester (1987) investigated humic matter associated with heavy minerals in oil sands.
Reynolds (1989) characterized the nickel and vanadium components of sands from
Athabasca and the United States.
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Possible beneficiation and recovery of heavy minerals has also been studied by 2 number of
researchers. Trevoy et. al. (1977, 1981) describes Syncrude's studies into recovering
heavy minerals from oil sand tailings streams. Robertson Research (1981) undertook an
extensive evaluation of the potential to extract titanium and zirconium minerals from
tailings streams in commercial processing of the Athabasca oil sands. Trevoy reports
specific techniques considered to recover and to beneficiate the heavy minerals. Sirianni
and Ripmeester (1981) report on the feasibility of selective concentration of heavy
minerals using an oil phase agglomeration method. Majid and Ripmeester (1985) showed
that it is possible to recover heavy minerals from oil sand and from tailings at Suncor using
oil agglomeration techniques.

Jacobs(1982) and Jacobs and Filby (1982a, 1982b 1983) investigated the extent of trace
elements in oil sand, bitumen and coke from the Syncrude and Suncor operations. Trace
elements in cores from Peace River and Cold Lake deposits were also evaluated. His focus
was to use trace elements in oil to determine its origin. Jacobs identified elements that
should show organic linkages as follows:

- elements totally organically bound -Mo Ni, Rb, Se, V.,
- elements predominantly organically bound As, Co, Cr, Fe, Ga, Na, Sb, Sc, Th.
- elements totally inorganically bound: Al Ce, Cs, K, La.

The origin of the source material, either geographically or geologically, is usually missing
from the foregoing studies. In many cases the samples were obtained from partial process
streams so are not traceable to a specific geologic facies.

The elements evaluated in the preceding studies varied but were generally limited in
number and were related to specific study goals. Analytical techniques were also varied,
although neutron activation has been the predominant procedure employed.
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B.3 Sources of material tested in this program

The Sandalta site (Lease 30) was chosen for the test program because it offers the
following:

- the site has been well explored using up-to-date exploration techniques:
- full profile coring (8.5 cm diameter) with good core recovery,
- geophysical logs (electrical, gamma and neutron density)
- geological facies have been mapped in detail
- bitumen contents determined
- most of the geological facies are present (marine facies at the top of the deposit
have been eroded away at this location)
- the density of exploration holes is quite high in the study area
- 100 m spacing on E - W cross sections,
- 400 m spacing in the N - S direction between cross sections,
- cores are still available for testing,
- geological data is represented in a three dimensional computerized block model
that permits modeling of the geology in three dimensions:
- block sizeinthe core areais 25 mX25m X 0.5 m,
- the block model follows detailed facies -( i.e. facies are not averaged).
- a colour photo record of the cores is available.

Lease 30 is located 40 km north of Fort McMurray, east of Fort McKay.

Core holes 209 and 215 were chosen from the densely investigated area for the current
program. Core hole 209 represents a section of high grade oil sand with few waste bands.
Core hole 215 represents a section of lower grade oil sand with many waste bands.

The cores were originally taken during a program undertaken in 1985, The drilling
contractor was selected on the basis of competence and was paid for high core recovery.
As a result core recovery was quite good.

The cores have been stored in a warehouse since the 1985 program. In the warehouse
storage the cores have dried out but there is no reason to suspect changes that would
affect this program.
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B.4 Geology of the Athabasca Qil Sand Deposit

The Athabasca oil sands of northern Alberta contain immense reserves of bitumen. The
deposits cover an area of 46,800 square kilometers. Approximately 10% of the area is
covered by 50 metres or less of overburden so is considered amenable to surface mining..
Two surface mining operations, Syncrude Canada limited and Suncor Inc, extract bitumen
from the oil sands and upgrade it to synthetic oil. Their combined production of over
200,000 barrels of synthetic oil per day represents 15% of Canada's oil production,

Depositional History
Most of the bitumen is contained in the McMurray formation of Cretaceous age.

The McMurray formation is a basin fill sequence of clastic sediment - sand and clay. The
sands are quartzose and are believed to be erosion products from the Canadian Shield area
to the northeast and from Jurassic sandstones to the south.

The McMurray formation was deposited in an irregular north-trending basin that
developed on top of eroding Devonian strata. The topography of the basin, which tended
to control the deposition of the McMurray, was shaped by regional down dropping. It was
aided locally by karst collapse structures caused by dissolution of the deeper Middle
Devonian salt beds. An eroding drainage system modified the area.

During the Cretaceous period, the Boreal Sea, located north of the present day Athabasca
deposit migrated southward, transforming the fluvial environment into an estuary sefting
which was strongly controlled by tidal currents. Eventually the sea covered the area,
resulting in the deposition of marine shales (Clearwater Formation) which overly the
McMurray.

There are a number of theories concerning the origin of the bitumen. The most probable is
that oil migrated from the Alberta Basin into the sand reservoir of the McMurray in post
Cretaceous times. The oil may have migrated as light oil or as fairly mature oil.

Bitumen frequently occupies the pore space in the sandy phases of the McMurray
Formation. It is not uniformly distributed . At some locations the basal sands are saturated
with water. The interface between the bitumen and water varies from sharp to gradational.
Occlusions also exist in the upper McMurray that are free of bitumen.

Since entrapment, the oil has been in contact with fresh water containing bacteria. The
water can remove light hydrocarbons and the bacteria can transform mature oil to
bitumen.
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The McMurray Formation

The McMurray Formation consists of a series of predominantly uncemented sands, silts
and clays that were deposited in successive environments as the sea invaded. On the
Sandalta Lease the first deposits were deposited in a fluvial environment. These were
followed by coastal plain and then by estuarine environments. Sediments representing a
marine environment (absent at Sandalta) are sometimes found at the top of the McMurray.

The depositional environments offered different sorting capabilities that characterizes the
sediments that accumulated. Geologists are able to recognize the different depositional
environments on the basis of grain size, sedimentary structures and stratigraphic position.
Facies boundaries are often indistinct and the depositional sequences can repeat. "Upward
fining" sequences are also found that represent gradually weaker currents (and hence finer
grained material ) with time.

Geological facies, named after the depositional environment in which deposition occurred
have been mapped as outlined in the Table B.1. The extent of each facies on the Sandalta
lease is indicated. Typical bitumen contents for each facies are also shown.

B. 5 General Characteristics of Oil sands

The material to be evaluated in this study consist of oil sand core taken to obtain a
continuous sample of the McMurray Formation. In general the core utilized in this project
has the following physical characteristics:

- consists of a heterogeneous mixture of sand, silt and clay, sorted by the forces
active at the time of deposition,

- the coarse grained facies contain approximately 83% solids, 12% bitumen and
up to 5% water.

- the coarse grained fraction is mostly equidimensional quartz sand with rounded
to sub angular grains. The sand is well sorted and tends to be fine grained.

- the coarse grained facies may contain thin bands of silt and clay that may also be
dispersed within the sand fraction.

- some facies, such as abandoned channels may contain a mix of all grain sizes,
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- fine grained facies were deposited in quiet conditions and consist predominantly
of silt and clay. The silts are probably composed of quartz. The clays are predom-
inantly kaolinite and illite.

- the oil sand is generally uncemented. Grains exist in an extremely tight packing
with some degree of interlock between the sand grains.

- bitumen is found in the pore space of the coarse grained deposits. The bitumen
content is roughly inversely proportional to the grain size. Thin fine grained

facies found within coarser facies may be barren of bitumen. Fine grained facies
with a high clay content (e.g. delta marsh muds) are often barren of bitumen.

- quartz grains are normally "water wet", i.e. they are surrounded by an envelope
of water such that the bitumen does not directly contact the mineral solid. Non
quartz minerals such as clays and heavy minerals may be "oil wet".
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Table B.1 Geological facies present at the Sandalta site.

Depositional Facies Sub Facies Gross % Typical
Environment Lithology of Percent
Total | Bitumen
Estuarine Pro Delta Mud Silt and Clay 4.0% J10-3%
Salt Marsh Clay 3.7% ] 0-3%
Abandoned Channel Sand, Silt and Mud 1-14%
Inter Channel Sand with some Silt | 14.2 12 - 16%
and Clay %
Tidal Channel Tidal Channel Sand 17.0 13 - 16%
%
Tidal Channel Sand with silt and | 0.3% [ 6-14%
with Breccia clay breccia.
Channel Breccia Clayclastsinsand | 0.2% | 2 - 16%
Upper Tidal Flat Burrowed Silt and Sand 10.7 1-7%
%
Bedded (layered) Silt and Sand 1.8% 13-13%
Burrowed and Bedded Sand and Silt 108 |2-9%
%
Lower Tidal Flat Burrowed Sand and Silt 4.5% 15-11%
Bedded (layered) Sand and Silt 58% J9-15%
Burrowed and Bedded Sand and Silt 58% |5-13%
Tidal Mud Clay 0.1% |5-13%
Coastal Plain | Fluvial Estuarine Sand 0.9% [11-16%
Delta Marsh Mud Clay 0.5% J0-1%
Qverbank Mud Silt and Clay 1.0% J0-13%
Crevasse Splay Sand, Mud Debris 1.2% J0-4%
Coal Coal 0.4% | 0%
Fluvial Channel Qil - Bearing Sand 107 |8-171%
%
Water - Bearing Sand 1.1% | 1-7%
Mixed 0il and water Sand 1.7% | 1-11%
Fluvial Channel Breccia | Sand and Breccia 0.5% |6-14%
Fluvial Breccia Clay Clasts in Sand | 0.1% [ Not
Present
Abandoned Channel Sand, Silt Mud 0.3% 11-14%
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Figure B.1 Gulf - Sandalta Drill Hole 209
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Figure B.2 Gulf - Sandalta Drill Hole 215
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Appendix C
THE TRIAL PROGRAM
C.1 Reference samples

Reference samples were created to evaluate proposed sampling and evaluation
procedures. Three 10 kg samples of representative material were developed as follows:

- a composite sample representing all facies,
- a sample representing fine grained facies that contain little bitumen
- a sample representing coarse grained facies that contain bitumen,

The samples were derived from core other than that planned for the core program in this
study.

C.2 Trial Sampling and Analysis
The reference samples were subdivided to provide duplicate samples for detailed analysis.

Four duplicate sets of seven samples each were prepared and sent to analytical
laboratories.

From these results it was concluded that the approach to sampling and analysis to
determine the concentration of the various elements was adequate for this project.

The reference program was invaluable in allowing the development of appropriate
procedures for the main program.
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APPENDIX D

SAMPLING AND ANALYTICAL PROCEDURES

D.1 SAMPLING - THEORY AND PRACTICE

Factors to consider when taking representative samples and the steps to meet the project
goals of representative sampling are outlined in Table D.1.

Descriptions of samples are provided at the rear of this appendix.

D.2 Analytical Procedures

The goal in analytical testing is to obtain accurate representative information on the
concentration of elements present.

Key considerations:

- sample size must be large enough to allow representative sampling,

- sample preparation should not alter the chemical composition or introduce
contaminants,

- confidence limits in the indicated concentrations for each element should be
acceptable,

- detection limits should allow detection at low concentrations,

D.3 Analytical methods adopted

Analytical methods were reviewed. Three were adopted for the current program. A
general description of each method follows.

Induced Neutron Activation Analysis (INAA or INA)

- samples are exposed to radiation which excites all matter present,
- each element emits characteristic radiation,
- the presence and extent of each element is determined from:
- radiation unique to each element,
- intensity of the unique radiation Vs time identifies the concentration,
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Induced led Plasma (ICP

- sample preparation involves heating to 500 degrees to remove bitumen and
organic material,

- sample is then dissolved in acid,

- the dissolved sample is atomized in a hot plasma flame,

- elements are detected by noting characteristic wave lengths emitted by the

atomized sample.
- concentration is determined from the intensity of the radiation.
Fire Assay
- sample is heated in the presence of fluxes until it fuses,
- light elements are driven off,

- precious metals can then be selectively removed.
- the analysis is good for measuring small concentrations of precious metals.

Each method of analysis has its good and bad points. Together the three analytical
procedures meet the overall needs of the subject program for detection limits and for
accuracy.

D.4 Specific advantages of INAA
The INAA offers some specific advantages over other methods:

- tests whole samples,

- non destructive testing,

- samples can be retested if desired,

- limited opportunity to introduce contaminants because nothing is added,

- process minimizes systematic errors,

- confidence limits can be computed for each element analyzed,

- result is not affected by particle size or the chemical state of the elements present.

In the current program INAA methods of analysis were used preferentially. When INAA
methods of analysis did not work ICP was used. Fire assay was used to test the extent of
precious metal present.
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Table D.1 Considerations for sampling and steps taken to meet the study goals. .

Area Concerns Steps Taken
Drilling Representative geology present | Selected core holes from a well defined area that are
known to have the major facies present.
Cores sample all pertinent | Use a competent drilling contractor and offer a bonus
formations for good core recovery.
Possible depth errors due to | a) Seek high core recovery
uncertainty over where core | b) Correct recorded depth against marker beds
losses might occur. identified by the geophysical logs.
Extracting Foreign material from:
representative | - sloughed material in the hole | - seek high core recovery
samples from
cores
- introduced by drilling mud - avoid sampling zones that suggest invasion by
drilling mud
- extract sample from the centre of the core where
invasion by drilling mud is unlikely
- sampled by cutting a cores in half and then cutting a
V notch from the centre of the half core.
- introduced by sampling | - used steel saw blade of known composition
procedure
- clean saw blade between sample points
- place sampled section in a sealed plastic bag
- avoid hand contact to minimize introduction of
contaminants
- sample all horizons - use continuous sampling to sample alt horizons
- represent facies present - identify facies on core and select sample intervals to
avoid crossing boundaries
- take continuous samples across each facies
detect variation within a facies - take several samples (max length of sample 0.5m
Sampling for | keep a representative sample | - thoroughly chop and mix the sample by hand to
analysis while reducing the sample size | create a uniform sample
for analysis
- use a mild steel knife to avoid introducing unwanted
elements
- grind sample using a chemically clean mortar and
pestle to reduce particle size if the sample does not
contain bitumen {most did)
= quarter the sample repeatedly on a clean flat surface
using the mild steel knife until a sample of the size
desired remains. Put in a clean container.




D.5 Required Sample Size

The size of samples required to determine representative concentrations of the elements
present depends on the size of individual anomalies present.

It is believed that the sample size was adequate to determine the concentration of elements
that form an inherent part of the oil sands. This is borne out by the data trends.

Supportable argument can be made that much larger samples and more of them are needed
to appraise anomalies - such as those associated with placer deposits. For this reason
sampling programs to appraise gold placer deposits often involve large sized samples - of
a tonne or more.

In the current program INAA samples weighed approximately 0.5 grams. The weight of
the whole INAA sampling program - for 200 samples was only 100 grams. This isnot a
statistically relevant sample size to appraise a zone comprising many tonnes of material.



Drill Hole 209-85

Sample Descriptions

———ere — — =
sample Gross Structures Constituents Sorting Comments
Jumber Lithology
Facies)
209-t Sand, fine- to medium-grained non-apparent quartzitic well sorted high bitumen saturation
(TC)
209-2 Sand, fine- to medium-grained non-apparent quartzitic well sorted high bitumen saturation
(TC)
209-3 Sand, fine- to medium-grained non-apparent quartzitic well sorted high bitumen saturation
(TC)
209-4 Sand, fine- to medium-grained non-apparent quartzitic well sorted high bitumen saturation
(TC)
209-5 Sand, fine- to medium-grained non-apparent quartzitic well sorted high bitumen saturation
(TC)
209-6 Sand, fine- to medium-grained non-apparent quartzitic well sorted high bitumen saturation
(TC)
209-7 Sand, fine- to medium-grained non-apparent quartzitic, 0.5 cm pyrite | well sorted high bitumen saturation
(TC) nodule
209-8 Sand, fine- to medium-grained 4 cm light brown silt band with low quartzitic well sorted high bitumen saturation
(TC) bitumen saturation
209-9 Sand, fine- to medium-grained 4 ¢m light grey to brown silt band at top | quartzitic well sorted high bitumen saturation
(TO) of sample
209-10 Sand, very fine- to fine-grained non-apparent quartzitic well sorted high bitumen saturation
(TC)
209-11 Sand, very fine- to fine-grained structureless quartzitic well sorted high bitumen saturation
(TC)
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Drill Hole 209-85

Sample Descriptions

Sample Gross Structures Constituents Sorting Comments
Number Lithology
Facies)
209-12 Sand, very fine- to fine-grained 45 degree fracture infilled with silt, 3 cm | several 1 cm clasts of well sorted high bitumen saturation
irregular clast of strongly weathered weathered phyllite
micaceous schist (?)
(TC)
209-13 Sand, very fine- to fine-grained 2-3 cm wide band of 1 mm thick flakes quartzitic well sorted high bitumen saturation.
of weathered silty material Lower contact is gradational
(TC)
209-14 Sand, very fine- to fine-grained structureless quartzitic well sorted Medium to high bitumen
(ICH) saturation
209-15 Sand, very fine- to fine-grained two - 1 cm square clasts of weathered quartzitic well sorted Medium to high bitumen
siltstone, light brown saturation
(ICH)
209-16 Sand, very fine- to fine-grained two - 3 cm irregular clasts of light brown | quartzitic well sorted Medium to high bitumen
: weathered siltstone saturation
(ICH)
209-17 Sand, very fine- to fine-grained minor irregular ¢lasts of hight brown silt | quartzitic, 1 cm blocky | well sorted Medium to high bitumen
in middle of sample pyrite nodule, 4 cm saturation
long clast of quartzite
or siltstone
(ICH)
209-18 Sand, with increasing silt low angle cross-bedding in lower half of | quartzitic moderately Medium to high bitumen
laminations to bottom of sample sample, bedding of 1 mm scale sorted saturation in sand, low to
moderate in silty lenses
{ICH)
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Drill Hole 209-85
Sample Descriptions

sample Gross Structures Constituents Sorting Comments

Jumber Lithology

Facies)

209-19 Sand, very fine- to fine-grained, vague high angle (20-30 degree) bedding | quartzitic well to thin silt lenses have low

occasional silty lenses < 1 mm in middle of sample moderately bitumen saturation
thick sorted elsewhere high bitumen
saturation

20920 Sand, fine- to very fine-grained wavy, irregular, subparallel bedding, quartzitic well to thin silt lenses have low
occasional silty lenses, 1 ¢m thick barren moderately bitumen saturation
silt lense in middle of sample sorted elsewhere high bitumen

saturation

(ICH)

209-21 Sand, fine- to very fine-grained wavy, subhorizontal, parallel and planar, | quartzitic moderately medium to high bitumen

with coarse silt lenses parallel bedding, 10-20 degrees, 0.5 cm sorted saturation, lower saturation
barren silt lense at top of sample in silt lenses

(ICH)

209-22 Sand, fine- to very fine-grained planar, parallel, low angle-bedding, 0.5 quartzitic, light brown moderately to variable bitumen saturation

with silt interbeds to 1.0 cm thick irregular clast of well sorted
: cemented siltstone

(ICH)

209-23 Sand, fine- to very fine-grained top 5 cm subrounded clasts of light quartzitic, 1 cm moderately to thin silt lenses have fow
brown siltstone in wavy, subparaliel irregular light grey silt | well sorted bitumen saturation
bedding, lower part of sample has layer at bottom elsewhere high bitumen
parallel bedding at 5-10 degrees saturation

(ICH)
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Drili Hole 209-85
Sample Descriptions

| e S e e . ______________________ ==

ample Gross Structures Constituents Sorting Comments

umber Lithology

'acies)

109-24 Sand, fine- to very fine-grained low angle (5 degree) and horizontal quartzitic moderately to thin silt lenses have low

planar bedding, 1 cm thick well sorted bitumen saturation
elsewhere high bitumen
saturation .

(ICH)

209-25 Sand, fine- to very fine-grained. low ( 0 to 5 degrees) angle bedding in quartzitic moderately to thin silt lenses have low
Thin silty sand laminations in top top half of sample, high angle, thick ( well sorted bitumen saturation
and bottom of sample 0.5 cm) bedding in middle of sample and elsewhere high bitumen

horizontal, thin (! mm) planar bedding at saturation
bottom of sample.

(ICH)

209-26 Sand, fine- to very fine-grained, high angle (20-30 degrees) bedding at top | quartzitic, 0.5 mm thin | moderately to thin silt lenses have low
some silty sand laminations in fattening to 0-3 degrees near bottom coal laminations in silty | well sorted bitumen saturation
lower part of sample sand matrix in middle elsewhere high bitumen

of sample. saturation, lower contact
gradational

(ICH)

209-27 Sand, fine- to very fine-grained - vague, steep (25-35 degrees) parallel quartzitic moderately to high bitumen saturation

bedding well sorted
(TO)
209-28 Sand, fine- to very fine-grained vague, parallel, subhorizontal bedding, 1 | quartzitic moderately to high bitumen saturation
em siltstone clasts and wavy well sorted
subhorizontal silt laminations in middle
of sample
(TC)
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Drill Hole 209-85

Sample Descriptions

Sample Gross Structures Constituents Sorting Comments
Number Lithology
Facies)
209-29 Sand, fine- to very fine-grained vague, parallel high angle (20-30 degree) | quartzitic, 2-3 mm moderately to variable laminations of high
bedding siltstone clasts well sorted and Jow bitumen saturation.
Lower contact is
gradational.
(TC)
209-30 Sand, fine- to very fine-grained pseudo-bedding, horizontal, planar, quartzitic moderately to medium to high bitumen
parallel. 8 cm of interbedded grey silt well sorted saturation in sand.
and sand, 1-2 ¢m thick, laminations in Occasional thin (0.1 mm)
silt 1-2 mm thick laminations in silt.

{ICH)

209-31 Sand, fine- to very fine-grained. vague cross-bedding, wavy irregular, silt | quartzitic moderately to variable bitumen saturation
Silt layers increasing to bottom of laminations thickening to 1-2 cm thick well sorted from high to low in sand
sample. flat silt units in lower part of sample giving appearance of

pseudo-bedding. Thin
irregular (0.1 mm) bitumen
laminations in silt layer

(ICH)
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Drill Hole 209-85
Sample Descriptions

Sample Gross Structures Constituents Sorting Comments
Jumber Lithology
Facies)

209-32 Sand, fine- to very fine-grained Planar, parallel bedding which increases quartzitic moderately to variable bitumen saturation

to 20 degrees in lower part of sample well sorted from high to low in sand
giving appearance of
pseudo-bedding. Thin
irregular (0.1 mm) bitumen
{aminations in silt layer

(ICH)

209-33 Sand, fine- to very fine-grained Planar, parallel, pseudo-bedding, flat to quartzitic moderately to variable bitumen saturation
low angle (0-5 degrees) well sorted from high to low in sand

giving appearance of
pseudo-bedding. Thin
irregular (0.1 mm) bitumen
laminations in silt layer

(ICH)

209-34 Sand, fine- to very fine-grained Planar, parallel, pseudo-bedding, flat to quartzitic well sorted variable bitumen saturation
low angle (0-5 degrees), increasing to 20 from high to low in sand
degrees in bottom of sample giving appearance of

pseudo-bedding. Thin
irregular (0.1 mm) bitumen
laminations in silt layer

(ICH)
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Drill Hole 209-85
Sample Descriptions

Sample Gross Structures Constituents Sorting Comments
Number Lithology
(Facies)

209-35 Sand, fine- to very fine-grained Planar, parallel bedding at 20 degrees quartzitic moderately to variable bitumen saturation
decreasing to 0 degrees at bottom of well sorted from high to low in sand
sample giving appearance of

pseudo-bedding. Thin
irregular (0.1 mm) bitumen
laminations in silt layer

(ICH)

209-36 Sand, fine- to very fine-grained Parallel, planar, pseudo-bedding at 0 - 20 | quartzitic moderately to variable bitumen saturation
degrees, flattening to O degrees at bottom well sorted from high to Jow in sand
of sample giving appearance of

pseudo-bedding. Thin
irregular (0.1 mm) bitumen
laminations in silt layer

(ICH)

209-37 Sand, fine- to very fine-grained, Low angle (0-5 degrees) parallel quartzitic, 2-3 mm coal | moderately to variable bitumen saturation
increasing silt laminations toward bedding, slightly disturbed by drilling lamination well sorted from high to low in sand
bottom of sample. giving appearance of

pseudo-bedding. Thin
irregular (0.1 mun) bitumen
laminations in silt layer

(ICH)
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Drill Hole 209-85

Sample Descriptions

Sample Gross Structures Constituents Sorting Comments
Number Lithology
'Facies)

209-38 Sand, fine- to very fine-grained, Bedding disturbed by drilling quartzitic moderately variable bitumen saturation
silt laminations 0.5 to 0.1 cm thick sorted from high to low in sand
are common giving appearance of

pseudo-bedding. Thin
irregular (0.1 mm) bitumen
laminations in silt layer

(ICH)

209-39 Sand, fine- to very fine-grained Even, parallel, medium angle (15-25 quartzitic moderately variable bitumen saturation
degrees) bedding, flattening to 5 degrees sorted from high to low in sand
at bottom giving appearance of

pseudo-bedding. Thin
irregular (0.1 mm) bitumen
laminations in silt layer

(ICH)

209-40 Sand, fine- to very fine-grained Bedding at 5-10 degrees, 1-10 mm thick, | quartzitic moderately variable bitumen saturation
siit laminations common at top of sample sorted from high to low in sand

giving appearance of

pseudo-bedding. Thin

irregular (0.1 mum) bitumen

laminations in silt layer.

Lower contact is gradational
(ICH)
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Drill Hole 209-85
Sample Descriptions

Constituents

Sample Gross Structures Sorting Comments
Number Lithology
Facies)

20941 Sand fine-grained Large-scale cross-bedding at 0-15 quartzitic well sorted moderate to high bitumen

degrees. saturation, variable in layers
(FE)

209-42 Sand, fine-grained Planar, paralle] bedding at 20-30 quartzitic, single 4 mm | well sorted moderate to high bitumen

degrees, 5 mm thick silt clast saturation, variable in layers
(FE)

209-43 Sand, fine- to coarse-grained Planar, parallel bedding at 15 degrees, quartzitic, 0.5 by 2 cm moderate to moderate to high bitumen

flattening to O degrees at the bottom clasts of bitumen free poorly sorted saturation, variable in
siltstone, | cm pyrite layers.
nodule Lower contact is sharp.

(ICH)

209-44 Silt and very fine-grained sand 1 mm thick planar, parallel bedding quartzitic poorly sorted trace of bitumen saturation
dipping at 3040 degrees!!l. Fine- in some sand laminations
grained sand in thin white laminations or
slightly bitumen stained

(OV)

209-45 Silt and very-fine grained sand 1 mm thick planar, paraltel bedding quartzilic poorly sorted trace of bitumen saturation
dipping at 30-40 degrees!!!. Fine- in some sand laminations.
grained sand in thin white laminations or Lower contact is sharp.
slightly bitumen stained. The bedding dip
flattens to O degrees at bottom of sample.

(ov)

209-46 Sand, fine- to coarse-grained Parallel, planar bedding,0.5 to 2 cm quartzitic moderately to high to very high bitumen

thick, minor 1 -3 mm bitumen free silt poorly sorted saturation, variable in layers
(FC) clasts
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Drill Hole 209-85

Sample Descriptions

ample Gross Structures Constituents Sorting Comments

lumber Lithology

Facies)

209-47 Sand, fine- to coarse-grained Parallel, planar bedding quartzitic, occasional moderately to high to very high bitumen
thin (I mm) clasts of poorly sorted saturation, variable in layers
bitumen free silt

(FC)

20948 Sand, fine- to very coarse-grained Some cross-bedding at top of sample, quartzitic, rare 0.5-1.0 | poorly sorted high to very high bitumen
otherwise bedding is obscured cm siltstone, common saturation, variable in layers

0.5 cm irregularly
oriented clasts of coal
{washed in?), some
pyrite associated with
the coal

(FC)

209-49 Sand, fine- to medium-grained vague bedding at 0-5 degrees quartzitic, minor well sorted high bitumen saturation
irregular silt clasts 1-5
mm

(FC)

209-50 Sand, fine- to medium-grained vague bedding at 0-5 degrees quartzitic, 0.5 to 3 cm well sorted high bitumen saturation
lenticular clasts of
bitumen free silt are
common

(FC)
209-51 Sand, fine to very fine-grained structureless quartzitic well sorted high bitumen saturation
(FO)
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Drill Hole 209-85
___Sample Descriptions

Sample Gross Structures Constituents Sorting Comments
Number Lithology
Facies)
209-52 Sand, fine to very fine-grained structureless quartzitic, two clayey well sorted high bitumen saturation
silt clasts (0.5 -2 cm) in
middle of sample
(FC)

209-53 Sand, fine to very fine-grained 4 ¢m of interbedded and burrowed grey quartzitic well sorted high bitumen saturation
silt and sand, single lense, 2-4 mm thick,
of very coarse sand and granules

(FC)

209-54 Sand, very fine-grained structureless quartzitic well sorted high bitumen saturation
(FO)

209-55 Sand, very fine-grained structureless quartzitic well sorted high bitumen saturation
(FO)

209-56 Sand, very fine-grained structureless quartzitic well sorted high bitumen saturation
(FC)

209-57 Sand, very fine-grained structureless quartzitic well sorted high bitumen saturation
(FC)

209-58 Sand, very fine-grained vague bedding at 5-10 degrees, single quartzitic well sorted liigh bitumen saturation
layer of coarse-grained sand (lag?) at
bottom of channel

(FC)

209-59 Sand, very fine-grained 4 ¢m thick lense of fine-grained sand quartzitic well sorted high bitumen saturation.
with 10% coarse to granules size Lower contact is sharp.
particles (lag?)

(FO)
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Drill Hole 209-85
Sample Descriptions

sample Gross Structures Constituents Sorting Comments
{umber Lithology
Facies)
209-60 Sil¢, grey, clayey, 10-15% very dried and desiccated, no apparent quartzitic, slightly poorly sorted Thick droplets of bitumen
fine-grained sand, 1-2 mm thick bedding micaceous, 4 cm pyrite
stringers of very fine-grained, nodule in middle of
white sand, sample, black (organic
matter?) disseminated
through cut, one brown
siltstone nodule
(DMM)
20961 Silt, some clay, 10-15% very fine- | dried and desiccated, no apparent quartzitic, slightly poorly sorted Trace bitumen content
grained sand bedding, 2 cm thick fine-grained sand micaceous, black
lense, rounded clasts of fine-grained sand | organic specks are
common
(DMM)
209-62 Silt, some clay, 10-15% very fine- | desiccation tends to accentuate thin, fla, | quartzitic, slightly poorly sorted Trace bitumen content
grained sand paralle]l bedding, | mm in thickness, micaceous, black
occasional small vugs of fine-grained organic specks are
sand common, organic
content increases with
depth
(DMM)
209-63 Silt, some clay, 10-15% very fine- desiccation tends to accentuate thin, flat, strongly organic poorly sorted Trace bitumen content.
grained sand parallel bedding, 1| mm in thickness, Lower contact gradational.
occasional small vugs of fine-grained
sand
(DMM)
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Drill Hole 209-85

Sample Descriptions

Sample Gross Structures Constituents Sorting Comments
Number Lithology
(Facies)
209-64 Shale increasing to shaley coal Thin (1 mm), wavy discontinuous Strongly carbonaceous poorly sorted No bitumen
towards the bottom bedding
(COAL)
209-65 Silt, grey, sandy, trace medium- Wavy, discontinuous bedding, 0.5 cm quartzitic, carbonaceous | very poorly No visible bitumen
grained sand thick, thin (<1 mm thick) discontinuous sorted
white silt laminations
(CS)
209-66 Shale, black, trace very fine- to 1-2 mm thick, wavy, irregular bedding quartzitic, highly poorly sorted No visible bitumen. Lower
fine-grained disseminated sand carbonaceous, contact is sharp.
occasional 1-3 mm thick
coal stringers

(COAL)

209-67 Silt, grey Structureless, vertical 0.5 mm thick carbonaceous poorly sorted No visible bitumen. Lower
pyrite stringers and occasional pyrite contact is gradational.
nodules

(CS)

209-68 Silt, dark grey, clayey thin (1 mm), slightly curved, non-parallel | quartzitic moderately No visible bitumen,

(DMM) bedding sorted

200-69 Shale, grey, black vague to structureless quartzitic, carbonaceous | moderately No visible bitumen. Lower -

decreasing with depth, sorted contact is gradational.
finely disseminated

(DMM)
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Drill Hole 209-85

Sample Descriptions

Sample Gross Structures Constituents Sorting Comments

Number Lithology

‘Facies)

209-70 Silt, dark grey, clayey wavy, paraltel bedding quartzitic, moderately to No visible bitumen.
carbonaceous, pyritic, poorly sorted
isolated white sand
grains
(CS)

209-71% Silt, grey, with trace fine- to wavy, irregular bedding, 5-10 mm thick | quartzitic, decreasing very poorly No visible bitumen. Lower
coarse-grained sand as isolated organic content with sorted contact is gradational
grains depth but very

carbonaceous at bottom
of sample
(CS)

209-72 Silt, grey, with fine- to coarse- discontinuous, wavy, parallel bedding, 3- | quartzitic, organic poorly to very trace bitumen
grained sand 5 mm thick poorly sorted

(DMM)

209-73 Silt, grey, with fine- to coarse- chaotic, wavy, discontinuous, non- quartzitic, organic very poorly trace bitumen
grained sand parallel bedding sorted

(DMM)

209-74 Silt, grey and fine- to coarse- wavy, irregular bedding, 1-2 cm thick quartzitic, very poorly low bitumen saturation in
grained sand, interbedded. Sand sorted sand
content increasing with depth.

(CS)

209-75 Silt, dark grey with fine- to coarse- | vague, wavy, irregular bedding quartzitic, carbonaceous | very poorly no visible bitumen

grained sand sorted
(CS)
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Drill Hole 209-85

Sample Descriptions
— T =
Sample Gross Structures Constituents Sorting Comments
Number Lithology
‘Facies)

209-76 Sand, fine- to coarse-grained, wavy, irregular, discontinuous bedding, quartzitic, very poorly Slight bitumen saturation in
slightly silty, 1 cm interbeds of 0.5 cm thick sorted sand. Lower contact is
medium- to coarse-grained sand sharp.

(CS)

209-77 Sand, fine- to medium-coarse- no apparent structure quartzitic, coaly blebs very poorly Traces of bitumen in blebs,
grained in grey silty matrix, white common sorted
quartz grains or thin stringers

(FC)

209-78 Sand, fine- to medium-coarse- no apparent structure quartzitic, coaly blebs poorly to very Thick sand unit is bitumen
grained in grey silty matrix, white in upper part of sample | poorly sorted free. Thinner sand
quartz grains or thin stringers. interbeds have moderate
Changing to fine- to coarse-grained bitumen saturations
sand at bottom.

(FC)

209-719 Sand, fine- to medium-coarse- no apparent structure quartzitic, coaly blebs poorly to very Thick sand unit is bitumen
grained in grey silty matrix, white in upper part of sample | poorly sorted free, Thinner sand
quartz grains or thin stringers interbeds have moderate

bitumen saturations
(FC) :

209-80 Sand, fine- to medium-coarse- vague, irregular, wavy, bedding in silty quartzitic, coaly blebs poorly to very Thick sand uait is bitumen
grained in grey silty matrix, white | unit common poorly sorted free. Thinner sand
quartz grains or thin stringers. interbeds have moderate

bitumen saturations
(FC)
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Drill Hole 209-85

Sample Descriptions

Sample Gross Structures Constituents Sorting Comments
Jumber Lithology
Facies)

209-81 Sand, fine- to medium-coarse- wavy, irregular, discontinnous, bedding quartzitic, carbonaceous | poorly to very Trace bitumen saturation
grained in grey silty matrix, white in top 7 cm; remainder is structureless in top 7 cm of sample poorly sorted increasing to moderate
quartz grains or thin stringers bitumen saturation at bottom

: of sample
(FC)

209-82 Sand, fine- to medium-grained, 2-4 | structureless quartzitic moderately to
mm granules at bottom very poorly

sorted at bottom
(FC)
— _____————— = _—
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Drill Hole 215-85
Sample Descriptions

o — =

Structures Constituents Sorting Comments
Number | Lithology
(Facies)

215-1 Sand, grey, 0.5mm bitumen thin, rippled bedding, cracks open thin, black flakes moderately distinctly different than
saturated laminations at bottom of | parallel to bedding, irregular dessication sorted remaining lower tidal flat unit
sample fractures

(LTF)

215-2 Sand, low bitumen saturation Sand and occasional silt filled burrows, quarizitic medium to well | low bitumen saturation at top
some ripple trough cross stratification sorted of sample
alternating with chumned layers

(LTF)

215-3 Sand with some silt strongly bioturbated quartzitic medium to well { medium to low bitumen

sorted saturation, which is irregular
to mottled in distribution

(LTF)

215-4 Sand Bioturbated at top and bottom of sample. | quartzitic medium to well | increasing bitumen content
Remainder is thinly bedded < 0.1mm in sorted towards bottom of sample
thickness

(LTF)
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Drill Hole 215-85

Sample Descriptions

Sample | Gross Structures Constituents Sorting Comments
Number | Lithology
(Facies)
215-5 Sand, very fine-grained and silt, strongly bioturbated, circular burrows quartzitic medium to irregular bitumen saturation
brown to grey common poorly sorted (mottled) decreasing to
bottom, some drilling
(LTF disturbance of outer core at
bottom,
215-6 Sand, very fine-grained and grey strongly bioturbated, churned quartzitic moderately to sand, light brown with minor
(UTF) silt poorly sorted bitumen staying
215-7 Sand, very fine grained and grey strongly bioturbated (chumed), 4 cm quartzitic moderately to minor bitumen saturation
silt thinly bedded laminantions near bottom of poorly sorted
unit
(UTF)
215-8 Sand, fine-grained moderately to well bioturbated carbonaceous and moderately decreasin bitumen saturation
quartzitic sorted with depth, very fine grained
to silty, wavy laminations,
(SM?) bitumen free, contact sharp
2159 Silt, black, carbonaceous very thinly bedded (<0.1mm) 1 mm thick coaly sample is desiccated
(SM) laminantions in lower
1/3 of sample
215-10 Silt, grey 1 cm coal clast in to 10 cms. Occasional | black specs of desiccated from drying
1 mm thick coal stringers carbonaceous material
(<0.1 mm)
215-11 Silt, grey very thin (< {mm) subparallel bedding, occasional clay desiccated
fracture @ 45 and 90 degrees 10 core axis | laminations, some <
0.1 mm specks of
(SM) organic matter
215-12 Silt, grey no bedding distinguishable minor organic specks desiccated
(SM) (<0.1lmm) ;
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Drill Hole 215-85
Sample Descriptions

M=

Sample | Gross Structures Constituents Sorting Comments
Number | Lithology
(Facies)
215-13 Sile, grey no bedding distinguishable light brown iron-stained desiccated
Jayer 20 cm from top of
sample, minor organic
(SM) specks throughout
215-14 Silt, grey no distinguishable bedding minor 0.1 mm organic | desiccated, core badly
(SM) specks crumbled at top of sample
215-15 Silt, grey, clayey alternating silt and clay laminations 1 -2 1-2 cm pyrite nodules some desiccation
(PDM) mm thick
215-16 Silt, grey, clayey 1 cm thick slightly bitumen-stained some desiccation
irregular sand lamination and filled
burrows
(PDM)
215-17 Silt, grey, clayey 2-3 cm thick interbands of subverticat poorly sorted some desiccation, light
sand filled burrows bitumen saturation in sand-
(PDM) filled burrows. Lower contact
gradational
215-18 Silt, grey, clayey, grading to very | 1-2 cm thick interbands of subvertical and poorly sorted trm;sition from prodelta mud,
fine grained sand with depth horizontal circular burrows increasing bitumen saturation
(UTF) with depth, (fining upward
sequence)
215-19 Silt, grey, interbedded with silty poorly sorted low bitumen saturation in
sand sand interbeds, realtively
(PDM) sharp but irregular lower

contact
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Drill Hole 215-85

Sample Descriptions

Sample | Gross Structures Constituents Sorting Comments
Number | Lithology
(Facies)
215-20 Sand, very fine-grained very thinly bedded (1 mm) with bitumen- | quartzitic well sorted up to 13 cm with no visible
rich laminations bedding, low bitumen
(LTF) saturation
215-21 Sand, fine- to very fine-grained well sorted well sorted good bitumen satuartion,
(LTF) sand lower contact defined by
bitumen saturation, relatively
sharp
215-22 Sand, fine- to very fine-grained, faint bedding at 10 degrees quartzitic well sorted
(TO) uniform
215-23 Sand, fine- to very fine-grained, faint bedding at 20 degrees quartzitic well sorted pseudo-bedding resulting
uniform from alternating rich and
(TC) moderate bitumen saturations
215-24 Sand, fine- to very fine-grained, faint bedding at 0 -10 degrees due to quartzitic well sorted
uniform variable bitumen saturation
(TC)
215-25 Sand, fine- to very fine-grained, faint bedding at O -10 degrees due to quarizitic, minor pyrite | well sorted
} uniform variable bitumen saturation
(TC)
215-26 Sand, fine- to very fine-grained, faint bedding at 0 -10 degrees due to quartzitic, minor pyrite | well sorted slightly lower bitumen
uniform variable bitumen saturation saturation in middle of
sample, alternating layers of
bitumen irregularky
(TC) distributed but occurrig in

stringers about 1 mm thick
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Drill Hole 215-85

Sample Descriptions

Sample | Gross Structures Constituents Sorting Comments
Number | Lithology
(Facies)
215-27 Sand, fine- to very fine-grained, faint bedding at 0 -10 degrees due to quartzitic well sorted
uniform variable bitumen saturation
(TC)
215-28 Sand, very fine-grained to coarse- | faint bedding at O -10 degrees due to quartzitic well sorted lower contact shart with
grained (lag?) at bottom variable bitumen saturation lower clay band 2 cm thick,
{TC) load cast
215-29 Sand, very fine-grained with clay laminations horizontal, burrows, Clay laminations of 2 cm
alternsating zones of sand and 1 undulating load casts towards bottom of sample
(UTF) mm thick silt laminations
215-30 Sand, very fine-grained 1 cm thick wavy burrowed silt quartzitic well sorted medium bitumen saturation
laminatons, load clasts, interbedded with
(LTF) oil sand
215-31 Sand, very fine-grained several intervals thinly bedded (1mm) quartzitic well sorted medium bitumen saturation in
grey silt and fine-grained sand, some sand, silt layers have trace
burrows bitumen
(LTF)
215-32 Sand, very fine-grained 1-2 mm stringers of wavy discontinous quartztic well sorted medivm bitumen saturation
grey silt in middle of sample, bedding at
0 to 5 degrees
(LTF)
215-33 Sand, very fine-grained occassional zones of interbedded grey silt | quartzitic well sorted lower contact is sharp
and very fine-grained sand
(LTF)
215-34 Siltstone, light brown, cemented grey, faint, wavy, subhorizontal, thin quartzitic well sorted hard, partially impregnated
(SIDERITE) bedding with bitumen, lower contact

is sharp
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Driil Hole 215-85
Sample Descriptions

Sample [ Gross Structures Constituents Sorting Comments
Number | Lithology
(Facies)
215-35 Sand and light grey silt alternating band of very fine-grained sand | quartzitic well sorted low to medium bitumen
and intrbedded light grey silt and sand, saturation
sand filled burrows
(LTF)
215-36 Interbedded brown to black sand subhorizontal, even, parallel, wavy quartzitic well sorted slightly disturbed by drilling,
and grey brown silt bedding, minor clasts(?), burrows sand medium to low bitumen
filled saturation
(LTF)
215-37 Interbedded brown to black sand subhorizontal, even, parallel, wavy quartiztic well sorted one clean sand interval, low
and grey brown siit bedding, minor clasts(?), well burrowed, to medium bitumen
semi-circular horizontal sand filled saturation, lower contact
burrows gradational
(LTF)
215-39 brown to black, fine-grained sand | silt lenses burrowed (sand filled) and quartzitic moderately low bitumen saturation
with light grey silt lenses bedded (1 mm thick) sorted
(UTF)
215-40 Silt, light grey with some very burrowed and bedded silt with minor quartzitic well sorted low bitumen saturation
fine-grained sand discontinuous sand lenses
(UTF)
215-41 Silt, light grey with some very burrowed and bedded silt with minor quartzitic well sorted low bitumen saturation
fine-grained sand discontinuous sand lenses
(UTF)
215-42 Silt, light grey with some very burrowed and bedded silt with minor quartzitic well sorted low bitumen saturation
fine-grained sand discontinuous sand lenses
(UTF)
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Drill Hole 215-85
Sample Descriptions

Sample | Gross Structures Constituents Sorting Comments
Number | Lithology
(Facies)

215-43 Silt, light grey with some very burrowed and bedded silt with minor quartzitic well sorted low bitumen saturation

fine-grained sand, occasional sand | discontinuous sand lenses

(UTF) lenses 3-6 cm thick

215-44 Silt, light grey with some very burrowed and bedded silt with minor quartzitic well sorted low bitumen saturation

fine-grained sand discontinuous sand lenses

(UTF)

215-45 Silt, light grey to brown sand filled burrows, occasional 0.5 ¢m quartzitic moderately to low to no bitumen saturation
thick sand interbeds, bedding well sorted except in sands
subhorizontal

(UTF)

215-46 Silt, light grey to brown with sand filled burrows, bedding quartzitic moderately low bitumen saturation except

minor sand lenses subhorizontal, burrowed and bedded sorted in sands

(UTF)

21547 Silt, light grey Sand filled burrows and occasional, wavy | quartzitic monerately low to no bitumen saturation,

: subhorizontal sand lenses sorted moderate to high saturation in

(UTF) sand lenses

21548 Silt, light grey and minor light appears to have been saturated by drilling | quartzitic poorly sorted low to no bitumen saturation

(UTF) brown sand fluid

215-49 Silt, light grey, with interbedded Silt in flat, even, parallel beds approx. | quartzitic well sorted in no bitumen saturation in silt.

sand lenses mm thick. Sand lenses wavy, 1-10 mm individual Bitumen saturation in sand
fenses increasing with thickenss of

(UTF) indivdaul units.

215-50 Sand, very fine-grained Vague, low to high angle bedding quartzitic well sorted moderate bitumen saturation

(ICH)
215-51 Sand, very fine-grained Frequent light grey silt laminations at low | quartzitic moderately low to moderate bitumen
{ICH) to high sorted saturation
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Drill Hole 215-85
Sample Descriptions

Sample | Gross Structures Constituents Sorting Comments
Number | Lithology
(Facies)
215-52 Sand, very fine-grained Isolated 2 mm clay drapes at bottom of quartzitic well sorted moderate bitumen saturation
(ICH) sample
215-53 Silt and fine-grained sand, Irregular bedding dips, may be due to quartzitic moderately low to high bitumen
interbedded drill action, occassional burrows, bedding sorted saturation
2 - 3 mm thick
(UTF)
215-54 Sand, very fine-grained Thinly laminanted grey silt at top and quartzitic poorly sorted very variable unit with silt
bottom and sand interbedded
irregularly for top 1/3 of
sample, clean sand saturated
with bitumen in middle 1/3
(UTF) and thinly bedded (< Imm)
silt and sand in lower 1/3
215.55 Silt, grey, interbedded with very Thingly bedded at top and thickly bedded | quartzitic poorly sorted variable, lower contact sharp
fine-grained sand (> 2mm) at bottoem and unconformable
(UTF)
215-56 Silt, fine- to very fine-grained Non-distinguishable quartzitic well sorted good bitumen saturation ||
(TC)
215-57 Silt, fine- to very fine-grained Non-distinguishable quartzitic well sorted good bitumen saturation
(TC)
215-58 Silt, fine- to very fine-grained Non-distinguishable quartzitic well sorted good bitumen saturation
(TC)
215-59 Silt, fine- to very fine-grained Non-distinguishable quartzitic well sorted good bitumen saturation
(TO
215-60 Sand, fine- to very fine-grained Irregular clay silt clast several quartzitic poorly sorted 12 cm of clean oil sand at
(CB) with silt clasts centimeters in length bottom
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Drill Hole 215-85

Sample Descriptions

Sample | Gross Structures Constituents Sorting Comments
Number | Lithology
(Facies)
21561 Sand, fine- to very fine-grained Wavy, discontinuous siit laminations at quartzitic, green block of breccia, disturbed by
top of sample (glauconitic?) siltstone, drilling at very top of sample
(CB) possible cave in hole
215-62 Silt, grey Even, paralle] bedding, 3-5 mm thick, 0.01 mm black particles | well sorted 15 cm thick siderite
bitumen stained fracture, occasional {1-3%), mica? cemented, subhorizontal
0.1mm laminations of very fine-grained shrinkage cracks along
sand sometimes containing bitumen, some bedding planes

steeply dipping to vertical fractures

(PDM)

215-63 Silt, grey Even, parallel bedding, 3-S mm thick, I em thick light browvn | well sorted light yellow discoloration
bitumen stained fracture, occasional cemented layerr infrequently in core
0.lmm Jaminations of very fine-grained
sand sometimes containing bitumen, some
steeply dipping to vertical fractures

(PDM)

215-64 Sile, grey Even, parailel bedding, 3-5 mm thick, quartzitic, 1-3 percent well sorted
bitumen stained fracture, occasional black specks
0.1mm laminations of very fine-grained
sand sometimes containing bitumen, some
steeply dipping to vertical fractures.

0.5 cm sandy silt layer about 20 ¢m from
top of sample.

(PDM)
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Drill Hole 215-85
Sample Descriptions

Sample | Gross Structures Constituents Sorting Comments
Number | Lithology
‘Facies)
215-65 Silt, grey < Imm, brown, rust stained, coarse silt 1 cm pyrite pebble with | well sorted
or fine-grained sand laminations just silt beds folded around
above pyrite pebble
(PDM)
215-66 Silt, grey thinly bedded dark brown coarse silt to uarizitic well sorted
fine-grained sand lenses and I cm light
brown cemented laminations
(PDM)
215-67 Silt, grey 6 cm ironstone lense located 10 quartzitic well sorted
centimeters from bottom, several 1-2 mm
brown, uncemented layers near bottom of
sample
(PDM)
215-68 Silt, grey 1-2 em thick light brown ironstone lense, | quartzitic well sorted
bedding < lmm thick
(PDM)
215-69 Silt, grey brown lenses common quartzitic well sorted
(PDM)
215-70 Silt, grey with sand, interbedded irregular very fine-grained sand intervals, | quartzitic moderatley
1-10 mm ' visible bitumen staining sorted
(PDM)
215-71 Silt, grey with sand, interbedded brown sand lenses, + 15 mm thick quartzitic poorly sorted
(PDM) 1-10 mm
215-72 Sand and silt, sand content quartzitic poorly sorted
(PDM) increasing with depth L
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Drill Hole 215-85

Sample Descriptions
%

_—
Sample | Gross Structures Constituents Sorting Comments
Number | Lithology
Facies)
215-73 Sand and silt, sand content quartzitic poorly sorted
(PDM) increasing with depth
215-74 Sand and silt, sand content quartzitic poorly sorted lower contact is gradational,
increasing with depth is related to increased
bitumen content in very fine-
(PDM) grained sand lense.
215-75 Sand, brown with grey silt bedding commonly chumed, burrows quartzitic poorly sorted bitumen saturation low to
(UTF) interbedded sand filled moderate in sand. Silt is
barren of bitumen
215-76 Sand, brown, interbedded with Sand lenses 1-5 cm thick, sharp contact quartzitic, silt lenses poorly sorted some bitumen saturation
grey silt with silt but sometimes irregular. Silt is contain mica and black,
thinly bedded (< tmm). Burrows filled glassy(?) specks
with sand
(UTF)
215-77 Sand, brown, interbedded with Sand lenses 1-5 cm thick, sharp contact quartzitic poorly sorted some bitumen saturation
grey silt with silt but sometimes irregular, Silt is
thinly bedded (< Imm). Burrows filled
with sand
(UTF)
215-78 Silt, grey, with 1-10 cm thick Silt is thinly bedded. Some burrowing, quartzitic poorly sorted thicker sand lenses have high
sand lenses sand filled. Siderite cemented, brown silt bitumen saturation, otherwise
lense in sand layer in top 10 cm of low to medium saturation
sample
(UTF)
215-79 Silt, coarse-grained and Sand very | Silt is thinly bedded. Some burrowing, quartzitic poorly sorted bitumen saturation low in
(UTF) fine-grained, some grey silt lenses | sand filled. sand. Silt is barren of
bitumen
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Drill Hole 215-85
Sample Descriptions

vample | Gross Structures Constituents Sorting Comments
fumber | Lithology
Facies)
215-80 Sand, brown with grey silt bedding commonly churned, burrows quartzitic porrly sorted bitumen saturation low to
(UTF) interbedded sand filled moderate in sand. Silt is
barren of bitumen
215-81 - Silt, clayey, grey Silt lenses, frequent 0.01 to 0.1 mm quartzitc with 0.01 mm
thick, occasional brown Smm lenses with | black specks, 2 cm
0.01mm thick laminations of black flacky | pyrite pebble
mineral
(OV)
215-82 Silt, grey thinly bedded, iron stained nodule 2 cm
(OV) in size
215-83 Clay, dark organic thinly bedded (< 1mm)
(OV)
215-84 Mud, dark, carbonaceous thinly bedded (<1 mm) lower contact sharp and
(OV) . irregulat
215-85 Sand fine- to very fine-grained thin stringers of clean quartz sand, quartzitic poorly sorted moderate bitumen saturation,
with silt and clay subhorizontal, irregular silty lenses 1-3 very variable
(CS/FC) cm
215-86 Sand, very fine- to coarse-grained | irregular clasts of silt and coarse sand very poorly lower contact is scoured
(CS/FC) with silt and clay ripup clasts sorted
215-87 Coal, black contains 10 percent lower contact is sharp
(COAL) fine-grained sand
215-88 Sand, fine- to coarse-grained, 3 ¢m and 0.5 cm thick brown, fine- top 20 cm seems to very poorly May be seat for overlying
some silt. Lower 13 cms of grained, cemented sand laminations. have high fines content | sorted coal, Trace bitumen content
sample is coarse-grained sand (white powder?) increasing with depth, lower
ICO0+W)) 13 cm high bitumen

concentration.
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Drill Hole 215-85

Sample Descriptions

Constituents

Sample | Gross Structures Sorting Comments
Number | Lithology
(Facies)
215-89 Sand, medium- to coarse-grained. moderately high bitumen saturation
Very coarse grained at top. sorted
Middle of sample contains 10-15
(FC(O+W)) | cm of silt and fine-grained gravel
with some coal at bottom of unit
215-90 Sand, fine- to coarse-grained quartzitic, minor coal poorly sorted high bitumen saturation.
(FC(O+W)) fragments Lower contact is sharp.
215-91 Salt and pepper texture. Medium | subhorizontal bedding quartzitic, frequent coal | very poosly low bitumen saturation
to coarse grained sand in dark fragments sorted
(CS) grey silt matrix
215-92 Silt to coarse-grained sand, light structureless quartzitic, very poorly trace bitumen saturation, low
grey to white carbonaceous, trace sorted bitumen saturation at bottom
black, glassy (7) of sample. Lower contact is
specks, black, irregular but sharp.
feldspathic, irregular
(CS) zones
215-93 Sand, some silt, white to light structureless quartzitic, minor, black, | very poorly irregular bitumen saturations
(FCWS) brown, medium- to coarse-grained glassy particles, sorted '
215-94 Sand, some silt, light to dark structureless, pseudo-banding of bitumen | quartz grains coated very poorly occasional patches of medium
brown, medium- to coarse-grained | saturated zones near bottom, with fines, some graules | sorted grade bitumen
(FCWS)
215-95 Sand, medium- to coarse-grained pseudo-bedding of variable bitumen quartzitic moderately to low bitumen saturation
(FCWS) poorly sorted
215-96 Sand, medium- to coarse-grained pseudo-bedding of variable bitumen quartzitic moderately to low bitumen saturation.
(FCWS) poorly sorted Lower contact is irregular but

sharp.
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Drill Hole 215-85
Sample Descriptions

Sample | Gross Structures Constituents Sorting Comments
Number | Lithology
(Facies)
21597 Siltstone, grey wavy, irregular bands of white grey to quartzitic, well poorly to very
light brown beds, subhorizontal cemented, 5-20 % black | poorly sorted
(] glassy particles
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Appendix E
Analytical Data

Results of 10,000 chemical analyses from the main program are summarized in Tables E. 1
and E.2.

Table E.1 - data from Bore Hole 209
Table E.2 - data from Bore Hole 215

The data show the origin of each sample, the bore hole, the depth, the facies present and
the concentration of each element. Plotted resuits show the concentration of the individual
elements - not of the equivalent oxide.

The data are grouped as follows:

- Major elements: Al,Ca,Fe, K Mg Mn,Na P,Si and Ti.

- Minor Elements:  As,B,Ba,Cl,Cr,Cs,Ga,HfNb,Rb,S,Se,Sr and Y.
- Metallic Elements: Co,Cu,Mo,Ni,Pb,Sn,V, and W

- Precious Metals:  Ag, Au, Pd, and Pt.

- Rare Earths: Ce,Dy,Eu,Gd,La,Lu,Nd,Sc,Sm, Tb, Th,U, Yb.

- Trace Elements: Bi,Br,Cd,Hg,Ir,Sb,Ta,

Blank columns in Table E.1 represent analyses that were not performed. Individual blank
boxes usually represent concentrations that were below detection limits.

Testing facilities are reported by number.

Lab 1 employed neutron activation, ICP and fire assay in their analysis.
Lab 2 employed only neutron activation analysis.
Lab 3 employed ICP analysis.

Supplementary information includes the bitumen content (determined in earlier testing
programs) and the results of 6 samples that were subjected to analysis by both neutron
activation and to ICP analysis.

Tables E.3 through E.6 are self explanatory.

Table E.7 lists gamma logs for each core hole determined at the time the holes were
drilled. Results have been averaged over the corresponding sample interval.
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Table E.1°
Analytical Data ]

| Minor Elements Bltumen
Tes! Lab 3 ] 3] 31 21 31 21 T2 2 ;
Unlt of measurement ppm | (ugig) | (ua/p) | (ug/g) | ppm | (ugig) | ppm | ppm | ppm | ppm | ppm | (ugig) | ppm 1 (ugip) | (ugig) | W%
ample #From (mY To (m) ] Interval [ Facles | As B Ba Be Ct Ct Cs Ga Hf Nb Rb S Se Sr Y Bitumen
2091 | 281 | 286 | 05 TC 08 ND | 145 | ND | 143 | 41 | 019 302 144 [ 185 | 0093 | 118 | 15 144
200-2]| 286 | 201 {1 05 | TC [ 088 | ND | 143 | ND 25 4 0.26 2.89 179 | 85 [0.069 | 108 | 18 148
2003 | 201 | 296 | 05 TC | 095 { ND | 136 | ND 16 25 | 019 379 177 | 62 | 0132 | 87 22 148
2004 | 286 | 301 | 05 TC | 085 | ND | 134 | ND 14 61 | 026 ag 175 | 77 | 0105 | &7 1.8 15.1
20951 301 | 306 | 05 TC 1 ND | 131 ND 16 54 | 023 436 149 | 76 | 0065 | 108 | 22 147 |
2006 | 306 | 311 | 05 TC | 104 | ND 142 | ND 35 54 | 02 362 163 | 90 | 0071 | 123 | 33 146
2007 311 | 316 | 05 TC | 081 | ND 159 | ND 23 77 | 022 367 155 | 67 01 | 204 | 38 1456
2008 [ 316 | 321 | 05 TC | 063 | ND 165 | ND 37 108 | 0.42 478 182 | 132 | 0144 | 272 | &5 125
2099 | 321 | 3286 | 05 TC | 086 | ND | 165 | ND 3 | 119 05 4,66 1968 | 198 | 0128 [ 289 | 68 152
20010| 326 | 331 | 05 TC | 089 | ND | 165 | ND 33 85 | 052 431 180 | 127 | 0112 | 221 3 149
209111 331 | 336 | ©5 TC | 104 | ND | 163 | ND 55 77 | 024 2.63 152 | 91 | 0063 | 21.3 | 34 143
200-12| 336 | 341 | 05 TC | 068 | ND | 171 ND 41 6 0.21 3.06 216 | 168 | 0007 | 238 | 47 145
200-13| 341 | 346 [ 05 TC | 101 | ND | 162 | ND 45 66 | 035 292 176 | 128 [ 0079 | 221 | 47 14.4
200-14| 346 | 3509 § 040 | ICH | 089 | ND | 183 | ND 20 | 123 | 027 313 208 | 132 | <005 | 247 3 145
200-15] 3500 [ 3558 | 049 | ICH | 152 | ND | 151 ND 63 43 | 0.2 a24 164 | 196 | 0.067 | 18.7 3 0.9
20016 3558 | 3607 | 040 | ICH | 142 | ND | 184 | ND 25 | 146 | 033 a7 20 216 | 0082 | 247 | 6 105
20017 3607 | 3656 | 049 | ICH | 144 | ND | 175 | ND 32 14 | 038 373 175 | 202 | 0082 | 238 | 55 1.3
20018 3856 | 3705 040 | ICH | 182 | ND | 158 | ND 45 111 | 054 5.28 144 | 237 [<005| 229 | 712 0.3
200-10f 37.05 | 3754 | 049 | ICH | 143 | ND | 168 | ND 32 77 | 03 4.38 183 | 204 [0000| 204 | 64 141
20020] 3754 | 3003 | 040 | ICH | 123 | ND | 195 | ND 2 5.7 | 0.72 552 231 | B13 | 0162 | 289 | 85 134
200-21) 3803 | 3852 | 04D | ICH | 107 | NDO | 175 | ND 48 136 | 045 3.33 179 | 300 | 0092 | 247 | 65 133
200-22) 3852 | 3901 | 049 | ICH | 103 | NO | 154 | ND 30 102 | 0.27 3.39 141 | 303 | 0059 | 221 | 47 146
20023] 3901 | 395 | 040 | ICH [ 1.78 | ND 150 | ND 30 114 | 027 278 152 | 343 | <005 247 | 54 136
20024| 395 | 3909 | 040 | ICH | 122 | ND | 168 | ND 27 68 | 0.44 363 172 | 2756 | <005 | 27.2 | 6.4 1.3
200-25| 2090 | 4048 | 040 | ICH | 158 | ND | 156 | ND 26 111 | 053 338 195 | 2678 | <005 | 288 | 7.2 11.4
200-26 | 40.48 | 41 052 [ ICH | 15 ND | 153 | ND 3t 81 | 033 2.08 74 | 1193 [ 0061 | 255 | 55 14.1
20027 41 | 4157 ) 057 | TC | 088 | ND | 133 | ND 28 0.2 1.42 74 88 | <005| 187 | 21 17
20028| 4157 | 4214 | 057 | TC | 096 | ND | 147 | ND 26 89 | 038 523 1.2 | 1800 [ 0004 | 238 | 7.2 139
20020 4214 | 427 | 056 | TC | 099 | ND | 149 | ND 45 64 | 023 337 143 | 498 | 0001 | 221 | 51 15
20030 427 | 4316 | 048 | ICH | 145 | ND | 168 | ND 19 | 213 | 082 .22 254 | 521 | 0.164 | 204 | 11.9 8.2
20031 4318 | 4366 | 048 | ICH | 138 | ND | 165 | ND Y] 123 | 045 6.96 202 | 462 | 0111 | 264 | 04 12.4
20032[ 4368 | 4444 | 048 | ICH | 172 | ND | 164 | ND 28 | 123 1 69 268 | 581 | 0157 | 272 | 128 | 103
200-33| 4414 | 4462 | 048 | ICH 2 ND | 172 | ND 2 72 | 043 2.31 151 | 779 | 0108 | 272 | 55 126
200-34| 4462 | 459 | 048 | ICH | 105 | ND | 138 | ND 21 106 | 036 4.06 148 | 300 | <005 | 204 6 135
20035| 459 | 4558 | 048 | ICH | 100 | ND | 134 | ND 29 3 0.22 2.15 15 250 | 0073 | 196 3 16.1
200-36 | 45. 4808 | 048 | ICH | 241 | ND 156 | ND 3n 68 | 0.35 3.7 158 [ 597 | 0089 | 247 | 7.7 123
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Table E.1°
Analytical Data
_—— —_—— —— —————— —— — ———————————————————— ==0
% [ | Minor Elements ] ] iBltumen
Test Lab 3 | 2 | 3 | 2 - i S D S s i u
[Unit of measurement ppm_| (ug/g) | (ugig) | (ug/o) | ppm | (uaig) | ppm | ppm | ppm | ppm | ppm | (upe) | pem | (ugig) | (uplg) | W%
Eample #From (m§ To (m) | Interval | Facles | As B Ba Be Cl Cr Cs Ga Hi Nb Rb s Se St Y | Btumen
20937 | 46.06 | 4654 | 048 | ICH | 16 | ND | 15 | ND 4 [ 119 | 0.38 454 172 | 594 | 0126 | 247 | 72 13
200-38| 4654 | 47 | 0462 | ICH | 1.21 | ND | 150 | ND 31 68 | 043 3.64 172 | 368 | 0116 | 23 77 125
20039| 47 | 475 {0498 | ICH | 129 { ND | 184 | ND 33 94 | 037 3.28 203 | 626 | 0144 | 272 | 7.2 136
20040 475 | 49 05 | ICH | 1.45 | ND | 154 | ND 50 | 119 | 069 757 235 | 32 | 0122 | 238 | 94 126
20041| 48 | 4853 053 | FE | 122 | ND | 139 | ND 38 | 0.3 204 144 | 444 | 0065 | 196 | 38 15.1
200.42| 4853 | 49.06 | 053 | FE | 115 | ND | 148 | ND 98 | 021 1.63 152 | 570 | <005 | 204 3 153
20043| 4008 | 496 | 054 | FE | 107 | ND 89 | 043 0.18 232 93 | 701 | <005 136 | 26 15.1
20044| 496 | S0 04 | OV | 24 | ND | 248 | 028 535 | 42 8.7 81 | 4070 | 033 | 716 | 279 4
20945| 50 | S04 | 04 | OV | 246 | ND | 251 ND 567 | 4.34 936 85 | 1893 | 038 | 688 | 279 5.7
20046| 504 | 50898 | 049 | FC 1 ND 77 ND 43 | 044 4.42 82 | <005| 136 | 43 28
20947 | 5089 | 5137 | 048 | FC | 062 | ND 70 ND 1 0.12 292 5.1 49 [<005] 119 | 34 | 1442
20048 5137 | 5186 | 040 | FC | 283 | ND 83 ND 1.7 _| 015 2.04 86 | 125 [<005| 148 | 33 139
20049| 5186 | 5234 | 048 | FC | 107 | ND | 108 | ND 5 013 273 10 173 | 0422 | 168 | 46 174
20950 5234 | 5283 | 049 | FC 1 ND | 184 | ND 58 | 031 2.88 174 | 160 | <0.05| 241 | 37 | 168
200-51| 5283 | 53.31 | 048 | FC | 1.19 | ND | 125 | ND 0.18 14 122 | 120 | 0058 | 148 | 17 | 178
20052| 5331 | 538 | 049 | FC 08 ND 66 ND 0.09 6.67 7.2 a1 | 0148 | 10 29 168
20053 536 | 6428 | 048 | FC | 1.18 | ND | 111 ND 0.41 68 145 | 2 | 0084 | 149 | 75 15
20054| 5428 | 5477 | 049 | FC | 1.4t | ND | 184 | ND 0.31 485 178 | 122 {6122 | 184 | 32 165
20055 5477 | 5525 | 048 | FC | 102 | ND | 164 | ND 20 0.26 5.07 173 | 106 | 0069 | 158 | 5.8 164
200568| 5525 | 5574 | 049 | FC | 127 | ND | 166 | ND a7 83 | 027 369 194 | 117 | 0151 | 149 | 62 171
20057 6574 | 5622 | 048 | FC | 082 | ND | 144 | ND 25 027 497 156 | 202 | 0.084 | 148 | 62 168
20058| 5622 | 5671 | 049 | #C | 077 | ND | 138 | ND 27 48 5.49 89 87 | 039 | 141 | &8 159
20059| 5671 | 572 | 049 | FC | 068 | ND 95 ND 25 1.7 4.08 86 62 | 0385 | 108 | 6.2 155
20060 572 | 5765 ] 045 |DMM | 179 | ND | 175 | 009 | 49 | 739 | 59 8.41 110 | 1481 | 0451 | 57.7 | 242 0
20061 | 65765 | 561 | 045 | DMM | 185 | ND | 165 | 009 | 60 | 69.3 | 49 8.1 83 | 682 | 0462 | 558 | 223 0
20062 581 | 5055 ] 045 | DMM | 262 | ND | 203 | 037 | 41 702 | 64 7.78 117 | 1332 | 0373 | 763 | 233 0
20063| 5855 | 59 | 045 |DMM | 331 | ND | 189 | 027 | 46 | 734 | 56 8186 101 | 1320 | 0422 | 756 | 216 )
20064| 50 | 595 | 05 |COAL| 464 | ND | 172 | 032 | 79 | 721 | 1.66 7.21 203 | 2010 | 045 | 98 | 227 0
20085| 595 | 60 05 | CS | 217 | ND 62 ND | 140 1.62 11 232 | 1590 | 0.484 | 468 | 204 | Not
20066| 60 | 605 | 05 |GCOAL| 16 | ND | 105 | ND | 144 | 528 | 404 8.61 396 | 2498 | 0553 | 874 | 228 | Btumen
209-67| 605 | 61 05 | CS | 138 | ND | 121 ND | 128 | 442 | 33 8.29 603 | 2404 | 0.334 | 451 | 168 |Saturated
20088 61 614 | 04 |DMM | 242 | ND | 186 | ND | 151 | 826 | 56 6.1 07 | 4922 | 0407 | 686 | 198 | Below
20060| 614 | 618 | 04 |DVMM | 153 | ND | 112 | ND | 166 | 537 | 49 897 706 | 3722 | 0413 | 705 | 206 | Here
209-70| 61.8 | 622 | 04 CS | 112 | ND 63 ND | 200 | 374 | 3d 10.4 41 | 2448 | 0449 | 533 | 224
20071( 622 | 626 | 04 cs ND 70 ND | 195 | 353 3 10.2 311 | 1546 | 05 | 533 | 249
20072 628 | 63.05 | 045 | DMM ND [7] ND | 201 | 418 | 3.11 11 429 | 2107 | 0545 | 598 | 248
26073 6305 | 635 | 045 | OMM | 1.42 | ND 83 ND | 224 | 315 | 249 12.9 304 | 1521 | 0.487 | 4509 | 243
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Bitumen
Test Lab 2 3 3 ]
{Unit of measurement _ pem | tvoig) | (u0/9) | (p/g) | ppm | (ugig) | ppm | ppm | ppm | ppm | ppm | (ugig) | ppm | (uplo) | (upig) | wi%
Eample #From (m] To () [ Interval | Facies | As B Ba Be Cl Cr Cs Ga Ht Nb Rb S Se Sr Y Bitumen
208-74| 635 64 05 [o1] 0.95 ND 27 ND 226 122 | 041 7.73 1400 ) 0255 | 216 29
200.7S| 64 645 05 1] 1.09 ND 70 ND 162 35.4 224 9.89 195 | 1887 | 0486 | 522 | 2186
200-76 | 645 65 0.5 CS 0.94 ND 45 ND 254 13.2 1.25 7.68 168 | 1447 | 0.404 32 13
20077 65 6547 | 0.47 FC ND 49 ND 261 144 14 8.28 193 | 1277 | 0.388 36 126
209-78 | 6547 | 6595 | 048 FC ND 32 ND 272 95 0.62 9.11 832 | 0453 | 228 95
209.79| 6565 | 6642 | 047 FC 1.49 ND 48 ND 264 16.7 1.37 8.57 187 | 1434 | 0355 | 306 | 108
200-50; 6642 | 688 | 048 FC ND a3 ND 173 05 062 529 143 | 1236 | 0.246 | 324 0.9
200811 €89 | 67.37 | 047 FC ND | 28 ND 274 24 0.34 533 1135 | <005 132 4.7
200-82 8137 | 6785 | 048 FC ND x ND 268 23 0.19 652 1048 | 0122 18 5.4
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Table E.1
Analytical Data
=
Metallic Elements ry Elements

3 | 3 ***Tﬁaaaaaa?‘f:
{ug/a) | {ug/g) | (vp/g) [ (ug/o) | (ug/g) [ (ug/g) | (ug/g) | ppm | (uglg) | (ug/g) | (wi%) | (WE%) | (Wi%) | (WA%) | (Wid) | (Wi%) | (Wi%) | (Wi%) | (WA%) | (W1%) |

Bample #rom {(mTo (m){Facles| Co | Cu [ Mo NI Pb | sn v W | 2n Zr Al Ca | Fe K Mg | Mn | Na P sl Ti
2091 [ 281 | 286 | TC | 100 [ 22 [ 118 [ 63 | 74 3 | <1 | 133 ] 108 | 069 [ 0166 | 0.171 | 0.453 | 0.037 | 0.002 | 0.053 | 0.004 | 38.80 { 0.106
2002|286 | 201 [ TC | 147 | 58 [ 116 65 | 54 20 | <1 | 52| 86 | 075 [0.022]| 0.06 05209 0.02 | 0.001 { 0.047 | 0.004 | 39.39 | 0.108
2093 | 291 | 296 | TC | 171 | 46 | 123 | 87 | 67 30 | <1 | 51 | 124 | 069 [0.017 | 0.003 | 0.412 | 0.019 | 0.001 | 0.037 | 0.004 [ 36.36 | 0.112
2094 1206 [ 301 | TC | 183 | 38 | 116 [ 101 | &7 20 | <1 | 43 | 125 | 0.68 [0.014[0.112] 0.447 [ 0.012[ 0.002 [ 0.027 | 0.006 [ 36.77 | 0.416
2005|301 |06 7C | 161 | 51 | 108 ] 101 | 65 26 | 05 | 48 | 128 [ 0.68 [0.016[0.109[ 0.318 [ 0.018 | 0.002 [ 0.020| 0.004 | 3654 | 0.122
2006 ] 306 | 3t4 | TC [ 171 | 56 | 13 | 116 | 108 32 | <1 | 49 | 124 [ 0.76 [0.013] 0094 | 0.477 [0.012] 0,001 [ 0.02 {0.005[ 37.4 [ 0.112
2007 | 1.4 | 316 | 7C | 208 | 34 | 128 [ 102 | 85 a7 | 06 | 54 | 144 | 0.72 | 0.014 ] 0.133 | 0.254 | 0.016 | 0.002 | 0.022 | 0.008 | 41.35 | 0.121
2008 | M6 | 3219 | TC | 219 5 |204] 64 | 128 43 | <t | 81 ] 164 | 1.08 [0.036]0.132[0.453 | 0.03 | 0.002 0.029 | 0.009 | 40.37 | 0.149
2009 | 321 | 3268 TC [ 194 | 48 | 255 ] 64 | 145 45 | <1 [ 1141 ] 204 | 132 J0.055] 046 | 0.4 [0.047]0.002]0.025]0.011 | 40.86] 0.173
20010 326 [ 331 | TC | 252 | 49 | 1621 11.9 [ 102 41 <1 | 62 | 96 | 08 |0026[0212] 0477 |0.015| 0002|0022 | 0006|4126 0.41
209-11| 331 | 336 TC | 270 | 74 | 153 ] 102 | 102 37 | 00 | 53 | 92 | 075 0.02 [0.004 0477 [0.014 | 0.002| 0.04 | 0.012| 40.87 [ 0.112
200-12| D6 |41 | TC [ 285 | 65 | 204 | 119 | 128 239 [ <1 | 65| 98 | 106 [0027]0.121[0623]0.028]0.002[0.025(0000|4085]0.128
20013} 341 [ 348 TC | 274 [ 748 | 162 | 102 | 128 41 <1 | 69 | 91 | 0.85 |0.021 |0.000]0.350]0.019 | 0.002 | 0.025 0.011 | 41.74 ] 0.114
200-14| 346 [3509] ICH | 299 | 94 | 187 | 153 | 136 41 09 | 69 | 108 [ 0.98 [0.022[0.102|0.529 [ 0.019 [ 0.002 [ 0.028 [ 0.011 | 40.91 { 0.122
20015| 35003558 iIcH | 27 | 6 {213 ] 136 119 4 06 | 65 | 115 [ 077 [ 0038|0233 [ 0.377 | 0.018 | 0.002 | 0.028 | 0.013 | 41.23 | 0.91
20016 (3558|3607 1ICH | 265 | 58 | 221 ] 153 | 136 47 | 05 | 102 ] 149 | 1.43 [ 0.031 |0.184 { 0518 | 0.027 | 0.003 [ 0.032| 0.042 | 41.79 [ 0.145
209-17|3607{3656| ICH | 282 | 66 | 23 | 136 | 1.4 47 | <1 | 94 | 120 | 1.42 [ 0.041]0.252]| 0.483 | 0.033 | 0.003 | 0.027 | 0.014| 39.09 ] 0.141
200-18 | 3656 (3705 ICH | 202 | 57 | 238 | 85 | 136 48 | 07 | o4 | 182 | 121 | 0.03 [0.375 0.348 | 0.037 | 0.004 | 0.022 | 0.013 | 39.68 | 0.178
200-16 (37053754 1CH | 249 | 59 | 204 | 102 | 1.1 46 | <1 |77 | 167 | 1.06 [0.025 0246 | 0.508 | 0.034 | 0.005 [ 0.021 | 0.01 | 40.16 [ 0.152
200-20 [ 3754 | 3803 ICH | 194 | 82 | 33.2 | 111 | 187 54 | <1 [ 136 | 204 | 1.73 [0.120 [ 0.455| 0.568 | 0.073 [ 0.011 | 0.029 [ 0.015 [ 36.54 [ 0.197
20021 (303|882 ICH [ 279 | 47 | 23 | 153 | 119 46 [ o7 | 85 [ 107 | 1.14 | 0.03 [ 0.250 | 0.565 | 0.034 { 0.005] 0.027 | 0.012 | 40.79] 0.14
209.-22 (38523001 ICH | 320 | 68 | 162 | 128 | 85 40 | 08 | 58 | 108 | 0.78 [0.028]0.234] 0.277 | 0.020 | 0.006 | 0.017 | 0.011 | 4005 | 0.11
200233001 05| ICH | 340 | 61 | 153 | 183 | 69 43 | <1 | 85 | 89 | 0.72 [0.084]0.229] 0.459 | 0.022] 0.008 | 0.017 | 0.014 { 41.55 | 0.003
200-24| 295 (3099 ICH | 260 | 5.3 | 204 | 136 | 145 43 ) 06 | 04 | 112 | 1.05 [0.153]1.533[0.395[ 0.192] 0.02 | 0.023]| 0.014 | 3892 ] G.126
209.25 3999 {4048 ICH | 225 | 72 | 23 | 187 | 153 47 | <1 [ 119 ] 108 | 1.17 [0.162] 1.445] 0324 | 0176 | 0.022 | 0.026 | 0.015 | 36.08 | 0.132
20026/ 4048 41 JICH [ 270 | 63 | 162 ] 153 | 119 45 [ <1 | 102 | 94 | 083 [0.088]| 0708 0.301 | 0.076 | 0.011 | 0.023 [ 0.012 | 40.86 | 0.411
20027 41 [41567] 7C | 337 [ 116 ] 65 | 306 | 56 36 | <1 [ 36 ] 9 |049 [0017]0.088]0.166 | 0.009 | 0.001 | 0.011 | 0.008 | 41.14 | 0.061
200-28 | 4157|4214 TC | 267 | 65 | 162 | 153 | 136 48 | <1 7 219 | 0.61 |0.105]1.042]0.324 | 0.127 | 0.014 | 0.024 | 0.013 | 40.31 | 0.151
200204214 427 TC [ 312 | 85 | 136 | 136 | 8 43 | <t | 55 | 117 | 060 [ 0043|0317 0,336 | 0.041 | 0.005[ 0,035 0.012] 40.74 | 0.118
20030] 427 [4318| ICH | 210 | 17 [ 357 | 128 | 179 58 | 11 | 128 | 207 | 1.8 [0115]0412[0620] 0078 | 0.01 [ 0.020|0.014 | 39.08 [ 0.249
20931 | 4318|4366 ICH | 230 [ t1.1 | 284 | 17 | 153 §4 | 15 | 11.9] 309 | 1.37 | 0.11 | 0.369 | 0.441 [ 0.057 | 0.01 | 0.029] 0.012] 30.47] 0.206
200-32| 4366|4414 ICH | 260 | 119 | 315 | 153 | 187 54 | 07 | 111 | 232 | 157 | 0.14 | 0.379 [ 0.406 [ 0.065 [ 0.000] 0.02 | 0.014 | 38.91 | 0.213
20033 4414|4462 ICH | 337 | 34 [ 238 | 153 | 118 45 | <1 | 102 | 61 | 1.12 | 0.086]0.567 | 0.516 | 0.05 | 0.016 | 0.023] 0.019 | 39.38 | 0.106
200344462 451 [ICH [ 35| 6 | 153 [ 187 7.8 45 | 05| 67 | 138 | 0.75 | 0.041 | 0.248 | 0.377 | 0.026 | 0.007 | 0.016 | 0.014 | 28.06 | 0.194
20035 451 (4588 ICH | 350 [ 128 ]| 83 [ 128 8 37 | <1 | a5 | 45 | 06 |o076]0.923] 0.201 [0.018 [ 0.003 | 0.011 | 0.012| 39.08 | 0.078
200-36 | 45568 46806 | ICH | 297 | 85 | 2t.3 [ 145 | 128 44 | 08 | 136 | 139 | 1.02 | 0.085 ] 6.385 | 0.395 | 0.038 | 0.011 | 0.016 [ 0.013 | 3868 | 0.132
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Table E.4
I . nalytical Data
Metallic Elements Primary Elements

{ug/g) | (va/e) | (uo/g) | (uo/g) | (ug/g) | (up/g} | (ugio) [ ppm | (up/g) | (ugig) | (wi%) | (wt%) | (wi%%) | (wt%) | (wiSE) | (wa%) | (wi%) | (wt%) | (wi%) | (wd%)|
mple &rom (m{To (m)[Facies| Co | Cu [ Mo | Ni | Pb { Sn | V | W | 2n | 2r | Al | Ca | Fe K | Mg | Mn | Na | P Sl | T
20937 46.06 4854 | ICH | 315 | 196 | 27.2 | 153 | 136 §4 | <1 [ 162 ] 128 | 1.25 [ 0.060 | 0.436 | 0.483 | 0.048 | 0.012 | 0.014 | 0.013 | 37.97 | 0.156
20938 14654] 47 | ICH [ 326 | 7.7 | 247 | 17 | 128 53 | <1 [ 102 ] 116 | 1.2 |0.044] 03041 0.6 | 0.043 [ 0.007 | 0.013 | 0.012 | 38.58 | 0.954
20039 47 | 475 | ICH | 251 | 71 | 298 | 179 | 153 61 | <1 [128] 113 | 14 |0.055]0.462|0.350 [ 0.049 [0.012| 0.02 [0.011 | 36.18 | 0.132
20040 475 48 | ICH | 209 | 81 | 281 | 162 | 136 52 1 94 | 233 | 1.27 [0.036 | 0.339 | 0.559 | 0.045 | 0.007 | 0.013 | 0.011 | 38.44 | 0.184
20041 48 [4853| FE | 350 | 102 | 1486 | 17 | 67 42 | <1 | 37 | 58 | 064 [0028]0131| 04 |0.014]0.063]0.016[0.011 | 36.65 | 0.08
209-42| 4853|4906 | FE | 379 | 179 | 66 | 145 | 69 36 | <1 [ 32| 44 | 063 |0.016]0.138 | 0.436 | 0.008 | 0.003 | 0.013 | 0.008 | 37.68 | 0.064
209-43| 4906 | 496 | FE | 365 | 7.2 | 56 [ 145 | 3.1 3 | <1 [ 3223 [ 037 [0023]0468| O |0.007]0003]|0.003]0012]30.02 | 0.055
20944| 496 | 50 | OV | 100 | 17.7 | 1423 | 205 | 623 126 | 26 | 419 ] 303 | 669 | 0.39 | 2605 1.309 | 0.438 | 0.066 | 0.058 | 0.04 | 32.14 | 0.53%
200-45| S0 | 504 | OV | 117 | 166 | 1451 | 205 | 632 123 | 21 [ 484 | 332 1 687 [0.173 ]| 1.499 | 1.385 | 0.335 | 0.039 | 0.053 | 0.036 | 33.10 | 0,530
200-48| 504 [5069| FC | 435 | 118 | 65 | 153 [ 16 35 { <1 [31 [ 177 [ 038 |0.013] 0.11 | 0.002 | 0.0%1 | 0.002 | 0.002 | 0.013 | 39.52 | 0.075
2094750895137 FC | 372 | 102 | 43 | 136 | 08 35 | <1 2 91 | 0.28 | 0.006 | 0.085 | 0.072 | 0.006 | 0.002 0.01 | 39.43 | 0.069
20948 [5137 5186 FC | 342 | 68 | 56 | 149 | 1.6 37 | <1 [ 22 ] 927|036 j0.019] 0.11 |0.231 | 0.01 | 0.002 | 0.005 | 0.0111{ 381 | 0.077
20040| 5186|5234 FC | 324 | 7 | 82 | 166 | 28 47 | <1 | 47 101 | 05 | 002 (0926 ] 0.172| 0.01 | 0.003 | 0.004 | 0.011 | 38.46 | 0.007
200505234 (5283| FC | 291 | 56 | 194 | 149 | 7.8 43 | <1 | 42 | 790 [ 002 [0.022] 0254 057 | 0.021 | 0.007 | 0017 [0.01% | 3862 041
2005152835331 FC | 314 | 52 | 69 | 01 | 27 41 | 07 | 19| 20 [045 |0.085] 0.062]0.266 [ 0.003 [ 0.002 | 0.01 | 0.009 | 3857 | 0.066
2005215331 | 538 | FC [ 323 | 28 | 42 | 7.4 | 17 48 | 09 | 227|191 | 0.24 | 0.006 | 0.077 | 0.096 | 0.003 | 0.002 | 0.003 | 0.007 | 38.07 | 0.138
20053] S38 [S428| FC | 305 | 62 | 141 | 63 | 3 §1 | <t | 44 | 280 | 0.73 | 0.01 | 0.451 | 0.359 | 0.021 | 0.004 | 0.008 | 0.009 | 375 | 0.149
2005454285477 FC | 334 | 47 | 23 | 55 | 68 85 | <1 6 | 12t | 1.04 | 0.014] 0.146 | 0.389 | 0.015 | 0.004 | 0.022 | 0.007 [ 42.36 | 0.134
20955| 5477|5525 FC | 316 | 48 | 163 | 54 | 68 S1 | <1 [ 81 | 167 | 092 | 0.011] 0.158 | 0.354 | 0.005 | 0.004 | 0.02 | 0.005 | 38.49 | 0.139
200-56| 5525|5574 FC | 319 | 56 | 208 | 75 | 5.1 53 | <1 | 59 | 173 | 0.66 [0.014 ] 0.184 | 0.520 [ 0.007 | 0.005 | 0.025 | 0,008 | 38.55 | 0.145
2005755745622 FC | 326 | 3 | 158 [ 48 | 27 §0 | <1 | 427 204 | 0.79 [ 0.064 [ 0.115 | 0.324 | 0.005 | 0.003 | 0.015 | 0.006 | 36.54 [ 0.132
20058 | 5622 [56.71| FC | 339 | 27 | 174 | 21 | 4.4 45 | <1 | 46 | 179 | 0.73 | 0.014 | 0.098 | 0.471 | 0.003 | 0,002 | 0.018 | 0.005 | 37.11 | 0.121
20059 (5671 | 572 | FC | 354 | 42 | 68 | €62 | 09 44 | <t | 29 | 197 | 0.39 [0.012] 0.085 | 0.119 | 8E-04 | 0.002 | 0.008 | 0.008 | 37.42 | 0.126
20060 572 [5765|DMM | 86 | 195 | 1466] 13 | 623 158 | 26 | 40 | 282 | 6.64 | 0.134 | 1.404 | 1.151 | 0.388 | 0.02 | 0.166 | 0.014 | 32.60 | 0.666
20061} 5765| 581 [OMM| ©8 | 195 | 1478] 7 | 64.2 159 | 28 | 363 | 260 | 6.64 [ 0.089| 0.868 | 1.233 | 0.371 | 0.005 | 0.163 | 0.033 | 33.13 | 0.636
20062| 581 | 5855 | DMM | 87 | 185 | 1721 186 | 735 169 | 29 [50.2 | 260 | 618 | 0.133 | 1.267 | 1.35 | 0.487 [ 0.009 | 0.213 | 0.032 | 31.6 | 0.675
20063[5855] 50 |DMM| 790 | 17.1 | 160.2| 144 | 675 165 | 41 | 47.7 | 278 | 757 | 0.144 | 1.167 | 1.239 | 0.481 | 0.006 | 0.237 { 0.012 | 31.43 | 0.686
20064 59 | 595 [COAL| 69 | 21.1 |1683] 11.3 | 69.7 197 | 47 [ 29.2] 300 | 7.93 [0.254 | 1.283[1.139 | 0.51 | 0.005 | 0.316 | 0.034 [ 26.64 | 1.111
20065| 595 | 60 | CS | 173 | 119 | 451 | 47 | 221 100 | 22 { 170 | 431 | 214 | 0.144 | 0.863 | 0.307 | 0.141 | 0.002 | 0.149 | 0.008 | 36.49 | 0.769
20066| 60 | 605 [COAL| 106 | 19 | 859 | 42 | 365 152 | 35 | 205 | 409 | 408 [ 0.081 | 0.641 | 0.664 | 0.262 | 0.003 [ 0.217 | 0.01 | 20.37 | 1.164
20967] 606 | 61 | CS | 96 | 122 | 808 | 244 | 357 105 | 155 | 263 | 320 [ 3.85 [0.070| 1.011 | 0.518 | 0.224 | 0.004 | 0.144 | 0.018 | 37.28 | 0.572
20068] 61 | 614 [DMM| 87 | 188 | 178 | 51.8 | 748 176 | 168 | 49 | 213 | 838 [ 0.201.{ 2265 [ 1.326 | 0.501 | 0.008 | 0.361 | 0.026 | 27.08 | 0.76 |
20060 614 | 61.8 |DMM | 82 | 148 | 951 | 21.3 | 426 130 | 9.8 | 344 | 379 | 455 | 0215] 1.44 | 0758 | 0.345 | 0.005 | 0.265 | 0.016 | 30.22 | 0.775
20070 618 | 622 | CS | 122 | 129 | 593 | 17.2 | 301 117 [ 17.7 ] 172 ] 465 | 285 [0.152] 1.68 | 0.277 | 0.183 | 0.003 | 0.208 | 0.016 | 35.13 | 0.797
209-71) 622 | 626 | CS | 108 | 12 | 568 | 138 | 258 134 | 66.7 | 163 | 467 | 250 | 0.154 | 0.481 | 0.365 | 0.162 | 0.002 [ 0.178 | 0.017 | 34.67 | 0.931
200-72| 626 |6G305[DMM | 83 | 123 | 79.2 | 10.4 | 37.8 141 | 345 | 22 | 467 | 363 | 0.159 | 0.952 | 0.459 | 0.21 | 0.004 | 0.193 | 0.016 | 24.35 | 0.905
200-73|6305| 635 |DMM | 127 | 11.7 | 666 | 18 | 342 130 | 158 | 153 | 473 | 3.18 | 0.905 | 0.845 | 0.441 | 0.150 | 0.004 | 0.155 | 0.028 | 36.73 | 0.852
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Table E.1
Metallic Elements Prima[! Elements

(ugfo} | (ug/g) | (ug/g) | (uo/g) | (ug/g) | (ua’e) | (ug/p) [ ppm | (ugig) [ (va/g) | (Wi%) | (WiDh) | (wi%) | (wto%) (WE%) | (wi%) | (wi36) | (wi9%) | (widE) | {wi%)
Bample Krom (m{To (m)f Facles{ Co Cu Mo Ni Pb Sn v w Zn Zr Al Ca Fe K Mg Mn Na P Sl Ti
209-74| 635| 64 | CS | 240 [ © [189 | 171 | © 58 | 166 | 55 | 314 | 0.87 | 0.082| 2282 [ 0.002 | 0.046 | 0.003 | 0.072 | 0.012| 38 | 0.361
200-75] 64 | 645 | C5 | 185 | 153 | 720 | 18 | 342 130 | 256 | 162 | 402 | 3527|0144 | 0.877 [ 0342 0.10 | 0.005 | 0.165 [ 0.022 | 35.0 | 0.779
209-76[ 645 | 65 | CS | 263 | 11.3 | 404 | 207 | 179 77 | 108 | 79 | 284 | 201 [0.058 ] 0.763 | 0.188 | 0.087 { 0.003 { 0.119 | 0.017 | 40.17 | 0.453
209-77| 65 {6547 FC | 286 | 144 | 405 | 18 | 174 86 | 245 | 11.7 ] 314 | 203 |0.077 [ 0551|0249 0.104 | 0.002 | 0.945 | 0.017 | 36.54 | 0.556
209-78[654716595] FC | 315 | 162 | 257 | 171 | 11.4 72 .| 566 | 47 | 292 | 1.31 [0.042]0.719 | 0.169 | 0.054 | 0.002 | 0.087 | 0.015 | 42.21 | 0.477
209-79| 6595168421 FC | 350 | 144 [ 315 | 234 | 135 68 | 913 | 77 [ 205 { 1.6 [0.063[0.773| 0273 | 0.091 | 0.002| 0.126 | 0.015| 396 | 0.451
20980 [6842] 660 | FC | 345 | 135 | 216 | 1908 | © 59 [ 238 | 45 [ 252 [ 1.14 | 0.08 [ 0.489 0.09 | 0.067 [ 0.002| 0.107 | 0.018 | 40.36 | 0.41
209-81] 669 {6737 FC | 411 | 141 | 85 | 244 | 42 31 _| 383 | 58 | 166 | 0.55] 003 | 2.116 | 0.096 | 0.025 [ 0.002 | 0.06 | 0.014 | 4208 | 0.475
209-82| 6737|6785 FC | 458 | 189 | 77 | 18 | 32 32 {317 | 20 | 188 | 05 | 004310677 0.160 | 0.057 | 0.002 | 0.078 | 0.014 | 41.49 | 0.168
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Table E.1
LAnalytical Data
_ - — =S ————————
Precious Metals ]| Rare Earths ' |
(o) | ppb | ppb | ppb { ppm | ppm | ppm ppm | ppm | ppm |(ugig) | ppm | ppm | ppm | ppm | ppm
Sample # From (m| To (m)|Interval| Facles | Ag Au Pd Pt Ce Dy Eu Gd La Lu Nd Sc Sm | T Th U Yb
2004 | 281 [ 286 | 05 [ TC <2 16 09 | 0.191 788 |0061 | 78 1 126 | 013 | 245 | 054 | 053
2092 | 286 224 [ 05 | TC <2 | ND 145 | 0.86 | 0.203 752 |ood| 73 | 15 | 116 | 015 | 234 | 052 | 048
2003 | 204 { 298 | 05 | TC <2 | ND 178 | 1.02 | 0.227 914 0081 ] 7.4 2 133 | 017 | 2652 | 056 | 057
2094 | 296 ] 301 ) 05 | TC <2 | ND 167 | 09 |0212 9.05 | 0072 | 78 15 | 139 | 046 | 247 | 08 | 05
2095 | 309 [ 308} 05 | TC <2 | ND 194 | 096 | 0.24 104 [0.085 [ 104 2 153 [ 048 | 206 | 058 | 053
2088 | 308 [ 311 ] 05 | TC <2 | ND 178 | 1.14 | 0.214 004 [0082{ 67 | 15 | 141 [ 013 | 250 | 057 | 052
209-7 319 | 318 05 TC <2 ND 186 | 1.13 | 0215 938 | 0082 7.7 15 145 1 017 | 254 | 059 | 053
208-8 36 | 324 05 TC <2 ND 27 | 126 0277 115 | 0101 | 87 2 187 | 021 | 354 | 0.77 | O.1
2099 [ 321|328 ]| 05 [ TC <2 | ND 234 | 1.2 [0.276 116 |0113| 148 | 25 | 182 [ 022 | 331 | 082 | 084
20910 | 326 | 334 | 05 | TC <2 | 'ND 236 | 1.26 | 0.261 113 | 011 | 103 2 184 | 02 | 335 | 081 | 072
20911 | 331 {6 | 05 | TC <2 | ND 172 | 098 [ 0.212 828 {0065 102 | 118 | 136 | 018 | 232 | 057 | 048
209-12 | 336 [ 341 | 05 | TC <2 | ND 18 | 0902 [0.228 868 |0068] 102 | 25 [ 139 045 | 256 | 058 | 054
20913 | 341 [ 346 | 05 | TC <2 [ ND 179 | 1.03 | 0252 908 10071 | 125 2 152 | 019 | 256 | 0.56 | 056
200-14 | 348 | 3509 | 049 | ICH <2 | ND 181 | 076 | 0.23 891 Joo81 | 112 | 26 | t41 | 013 | 24 | 052 | 054
209-15 { 35.09 | 3558 | 049 | ICH <2 | ND 176 | 080 | 0.220 864 | 0060 | 112 2 144 [ 043 | 235 [ 057 | 05
209-16 | 3558 | 38,07 | 049 [ ICH <2 | ND 196 | 1.26 | 0.262 9686 (0092 119 ] 25 [ 168 [ 021 | 266 | 0.72 | 064
205-17 | 3607 | 3856 | 049 | ICH <2 [ ND 164 | 1.18 | 0.271 020 [0.094 [ 119 2 163 | 016 | 253 | 069 | 063
200-18 | 36568 | 37.05 | 049 | ICH <2 [ ND 22 | 117 (0223 111 J0144 | 149 | 265 | 188 | 038 | 3.26 | 0.95 | 001
209-19 [ 37.05 | 37.54 | 049 | ICH <2 | ND 20.7 | 1.3 | 6.207 103 | 0104 16 2 1.71 | 042 | 307 | 081 | 0.75
209-20 | 37.54 | 38.03 | 049 | ICH 3 ND 251 | 1.77 | 038 129 [0131 | 166 | 25 | 216 | 0.31 | 367 | 1.01 | 085
200-21 [ 38.03 { 3852 | 0.49 | ICH 49 | ND 182 | 1.14 { 0.267 873 008 | 11.7 | 15 [ 145 [ 016 | 227 [ 0.7 | 06
209-22 | 3852 | 39,01 | 040 | ICH <2 | ND 159 | 086 | 0.213 825 | 0.074 | 109 2 135 | 011 | 211 [ 059 | 059
209-23 {3001 | 395 | 048 | iICH <2 | ND 164 | 1.02 0215 856 (0066 105 | 15 [ 146 | 011 | 208 | 050 | 0.49
20024 | 305 [ 3990 048 | ICH <2 | ND 179 | 1.16 | 0.391 965 [0000] 119 | 28 | 158 267 | 063 | 063
200-25 { 3000 | 4048 | 049 | ICH 1.4 | ND 251 | 1.25 [ 0524 1168 Jo17 | 139 | 25 | 216 | 041 | 277 | 0.77 | 0.88
200-26 (4048 | 41 | 052 | ICH <2 | ND 166 | 1.07 [ 0.236 8.35 | 0083 | 124 2 137 (o1t [ 220 [ 054 | 05
20027 | &4 [#157] 057 | TC <2 | ND 103 | 059 | 0.072 513 (0045 7.1 1 085 [ 043 | 102 04 | 03
200-28 | 4157 | 42141 057 | TC <2 | ND 2 1.41 | 0.272 106 | 0.115 | 158 2 1.74 { 019 [ 3141 [ 074 | 07
200-20 | 4214 427 | 0668 | TC <2 | ND 16.2 | 097 | 0.194 83 |o0068] 122 | 15 | 134 [ 027 [ 219 | 062 | 05
20930 | 427 {43181 048 | ICH <2 | ND 329 | 226 [ 0413 165 |[0181 | 109 | 25 | 277 {033 [ 475 { 1.5 | 1.3
20031 [43.18 | 4368 ] 048 | ICH <2 | ND 202|166 | 04 146 | 0147 | 9.1 25 [ 234 ] 032 | 42 | 1.06 | 108
200-32 | 4368 | 4414 | 048 | ICH <2 321 | 21 Jos18 165 [0174] 22 | 25 | 264 | 033 | 432 | 118 | 1.24
20033 | 4414 { 4462 ] 048 | ICH <2 16.5 1 | 0209 85 [0083] 92 | 25 [ 149 | 012 | 206 | 055 | 0.6
20034 [ 44621 451 | 048 | ICH <2 199 | 1.24 [ 0273 10 [0094] 13 2 167 | 023 | 268 | 0.7¢ | 067
20035 | 451 | 45581 048 | ICH <2 14 | 073 | 0.202 689 [0059| 68 | 15 [ 116 | 015 | 156 | 045 | 0.42 |
20536 | 4558 [ 4606 | 0.48 | ICH <2 241 | 148 | 0357 1.7 [0116] 15 2 211 [ 028 {279 [ 079 | 0.79
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Table E.1
nalytical Data
Precious Metals Rare Earths
L {ug/g) | ppb | ppb ppm | ppm | ppm g2y ppm | ppm | ppm | (ug/g) | ppm | ppm | ppm | ppm | ppm
Sampie # From (m| To (m)|interval| Facles| Ag Au Pd Ce Dy Eu Gd La Lu Nd S¢ Sm Th Th u Yb

209-37 | 46.06 [ 4654 | 0.48 | ICH 99 233 | 158 | 0.338 11.7 [ 0.106 | 156 2 2,05 331 | 083 | 085
209-38 | 4654 | 47 | 0462 icH <2 188 | 124 [ 0.266 969 0101 12 28 |167 Jo17 | 228 | 073 | 07
20936 | 47 | 475 [0498 | iCH <2 20 | 126 | 0.306 963 [0.083 ] 144 2 173 | 0.2 | 258 | 074 | 065
20940 | 475 | 48 05 | ICH <2 33 | 206 | 042 16 | 0.165 25 | 267 | 031 | 435 | 118 | 1.13
20941 | 48 [4853| 053 | FE <2 138 0.207 696 [0062] 55 2 116 | 011 | 184 | 046 | 0.45
209-42 [ 4853 | 4906 | 053 | FE <2 12 0.174 €26 10053| 62 | 15 | 101 | 017 | 146 | 043 | 035
20943 | 4006 | 496 | 054 | FE <2 13 0.145 679 005 ] 66 | 15 | 088 [ 01 | 194 | 044 | 067
20944 | 498 | 50 04 | OV <2 66.6 1.14 331 (o419 | 282 | 13 [ 583 | 083 ] 100 | 273 | 34
20045 | 50 | 504 | 04 | OV <2 69.4 1.16 354 0412 238 ] 11 | 617 [ 078 | 109 | 293 | 304
208-46 | 504 50.89f 0.49 FC <2 19.4 0.162 9.68 | 0.074 2 143 | 003 | 311 | 068 | 056
209-47 15089 | 51.37 | 048 | FC <2 133 0.121 6.71 | 0.062 2 Joo7 ] o1 | 218 | 0.47 | 045
209-48 | 51.37 | 51.66 | 0.49 | FC <2 11.6 0132 6.01 | 0.065 1.5 1 009 | 182 ] 045 | 0.42
20049 | 51,86 [ 5234 | 048 | FC <2 16.3 0.189 8.35 | 0.068 2 133 { 016 | 265 | 062 | 0.46
206-50 | 5234 | 5283 | 0.49 | FC <2 138 0.2 754 100771 44 | 25 1 147 [ 043 [ 205 | 061 | 06
20051 | 5283 [ 5331 | 048 | FC <2 98 0.14 48 [ 0038 | 44 2 (074 ] 008|112 032 020
20052 [ 5331 | 538 [ 049 | FC <2 218 0.194 143 |0124 ) 87 | 25 [ 208 | 025 [ 572 | 098 | 0.84
209-53 | 538 | 54.28 | 0.48 | FC <2 26.2 0.277 130 | 0.13 25 | 213 | 024 | 433 | 102 | 084
209-54 | 54.28 { 5477 | 049 | FC <2 198 | 1.15 | 0243 985 (0085 67 | 25 | 186 | 017 | 313 [ 0.75 | 064
20955 | 54.77 | 5525 | 048 | FC <2 205 [ 1.16 | 0.242 9.98 | 0.086 25 16 018 | 29 | 077 | o1
20956 | 5525 | 5574 | 049 | FC <2 159 | 092 [ 0215 857 |[0093]| 51 3 1.38 | 016 | 244 | 062 | 064
200-57 | 5574 | 56.22 | 0.48 | FC <2 174 | 1.06 | 0.206 843 |o104]| 5 25 | 149 [ 018 | 269 | 0.76 | 068
20958 | 5622 [ 56.71 | 049 | FC <2 198 | 1.16 | 0.97 949 (0091 | 201 | 25 | 152 [ 07 | 298 | .76 | 063
20950 {5671 | 572 | 049 | FC <2 136 | 093 | 095 753 |0083 [ 192 | 25 | 1.2 [ 084 | 221 | 062 | 062
20960 | 572 | 57.65 | 0.45 | DMM <2 57 | 414 | 091 31.2 | 0.368 115 | 479 | 058 | 108 | 314 | 267
20061 | 5765 56.1 | 0.45 | bMm <2 533 | 425 | 093 21.9 [ 0.338 115 | 458 | 07 [ 105 | 313 | 239
209-62 | 581 | 5855 | 0.45 | DMM <2 546 | 377 | 083 209 (0352] 207 [ 135 | 44 | 067 | 109 | 201 | 253
20963 | 5855 | 50 [ 0.45 | DMM <2 516 | 402 | 0.85 287 (03341183 | 125 | 419 | 08 | 101 | 272 | 228
20964 ] 59 | 505 | 05 | COAL <2 508 | 308 | 0485 20 | 0374 135 | 361 | 041 | 105 | 366 | 26
20965 | 595 | 60 05 [ CS <2 285 | 325 [ 0415 156 [ 0.340 18 | 246 | 047 | 601 | 251 | 239
20066 | 60 | 605 | 05 |COAL <2 405 | 391 | 0525 228 | 0.36 15 | 318 ) 05 | 768 | 322 | 256
20967 | 605 [ 61 05 | CS 15.1 402 | 326 0555 225 | 0313 7 33 | 052 ]| 74 | 254 | 216
20968 | 61 | 6t.4 | 04 | DMM 57 561 | 357 | 0.747 312 10314 { 201 | 145 | 419 | 052 | 106 | 314 | 235
20069 | 614 | 618 | 0.4 | DMM <2 406 | 3.48 | 0578 223 [ 034 105 | 308 | 044 | 769 | 267 | 238
20070 | 618 | 622 | 04 | CS 34 373 | 3.76 | 0.494 204 | 038 78 |30t Jo49 | 74 [ 277 | 263
20971 | 622 [ 626 | 04 | CS <2 373 [ 392 |05 208 [ 0378 8 313 | 047 | 753 | 317 | 263
209-72 | 628 | 63.05 | 0.45 | DMM 86 39 | 417 | 0541 22,2 | 0.409 85 [ 328 | 053 | 861 | 302 | 286
209-73 | 6305 635 | 045 | DMM <2 38.2 | 422 [ 0504 22 Jo.408 75 | 33 | 053 [ 831 | 326 | 274
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Table E.1

P —

Precious Metals |

_ |wog| eeb | ppb ppm_{ ppm | ppm Jssing2{ ppm | ppm | ppm | (uaig) | ppm | ppm | ppm | ppm | ppm

Sample # From (m|To (m)|interval| Facles | Ag | Au Pd Ce Dy Eu Gd La Lu Nd Sc Sm Tb Th U | w
20074 | 635 | 64 | 06 | CS 144 148 | 153 | 0212 7.69 | 0.169 4 |419 | 02 | 357 | 1.97 | 1.2
209-75 | 64 | 645 ] 05 | CS 385 373 | 3s7 | 053 217 (0358 | 238 | 8 | 315 | 057 | 8.06 | 296 | 235
200.76 [ 645 | 65 | 05 | CS 15 252 | 224 | 036 136 | 0.257 4 | 202|031 52 | 187 | 1.73
20077 | 65 | 6547 | 047 | FC <2 256 | 248 | 0.386 146 | 0263 45 | 216 | 032 | 53 | 208 | 1.75
209-78 | 6547 | 6565 | 048 | FG 96 173 | 231 [0.363 104 | 0.257 35 | 157 | 034 | 437 | 186 | 1.83
200-70 | 6595 | 66.42 | 047 | FC 158 172 | 213 [ 0.296 119 | 0207 45 | 168 | 029 | 447 | 1.79 | 14
20080 | 6642 | 660 | 0.48 | FC 14.2 130 | 1.32 | 0.181 7.47 | 0.152 4 | 143 [ 024 | 305 | 148 | 098
20061 | 689 | 6737 | 047 | FC 8 107 | 1.19 | 0.137 578 |0436]| 84 | 15 | 085 | 023 | 227 | 085 | 057 |
200-82 | 67.37 | 6785 | 0.48 | FC <2 10 | 103 [ 0128 603 [0131| 66 | 25 | 0B1 | 044 | 235 | 1.04 | 0.85
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Table E.1
Analytical Data
Test Lab
{Unit of measurement ppm | (ugl) ppm ppm ppm ppm ppm % % % %
Sample #|From (m)| To (m) | Interval | Facles BI Br Cd Hg ir Sb Ta Ba Cr Al Fe Mn Na
200-1 26.1 286 05 TC 0.18 0.15 ' <2 013 | 0235 179 82 215 | 012 | 0.0017 | 0025
200-2 | 288 29.1 05 | TC 0.5 0.29 <2 013 | 0268 | 201 6.4 0.91 0.06 | 0001 | 0027
2093 | 291 298 05 TC 0.47 0.22 <2 013 | 0208 179 8.7 0.87 009 | 00012 | 0.026
2004 | 206 30.1 05 TC 022 014 <2 012 | 0396 185 7.7 0.8 01 | 00015 | 0.024
2006 | 301 306 05 TC 0.28 0.2 <2 013 | 0266 198 8.4 0.88 011 | 0.0016 | 0.025
2096 | 306 E1K] 05 TC 022 029 <2 014 | 0271 198 83 09 0081 | 00012 | 0.027
2097 | 31.1 3186 05 TC <02 | 026 <2 0.1 0.323 178 79 0.9 0.097 | 0.0017 | 0.026
2098 | 316 321 05 TC <0.2 0.6 <2 0.15 | 0391 180 123 123 | 0004 | 0.0017 | 0031
2009 | 321 326 05 TC 0.25 06 <2 016 | 0332 197 14.4 134 | 0153 | 0.0017 | 00®
200-10 | 3286 331 05 TC 0.32 0.43 <2 017 | 0311 | 1933 139 1.29 0.13 | 0.0015 | 0.081
20911 | 334 36 05 TC 0.37 0.26 <2 018 | 0211 1685 6.6 091 | 0208 | 0.0013 | 0.029
20912 | 338 31 05 TC 0.25 051 <2 015 | 0262 178 7 003 | 0086 | 0.0012 | 0.031
20913 | 344 346 0.5 TC 0.26 0.43 <2 017 | 0316 183 10 1.07 | 0.105 | 0.0013 | 0.091
209-14 | 346 | 3509 | 0.49 iCH 0.21 0.51 <2 0.11 0227 | 245 83 1.04 009 | 00012 [ 0025
209-15 | 3500 | 3558 | 0.40 iCH 033 051 <2 013 | 0211 165 75 0.2 | 0206 | 00015 | 0.032
209-16 | 3558 | 3607 | 0.49 iCH 0.27 06 <2 019 | 0264 | 206 10.4 118 | 0.146 | 00024 | 0.032
20917 | 3607 | 3656 | 049 ICH 0.34 06 <2 02 0.313 210 108 117 | 0.288 | 0.0020 | 0.033
209-16 | 3656 | 3705 | 049 ICH 0.26 0.68 <2 0. 0.48 179 14 120 | 0.324 | 0.0032 | 0.038
20019 | 3705 | 3754 | 049 ICH 028 051 <2 0.19 | 0.376 205 1.4 115 | 0212 | 00042 | 0.031
209-20 | 37.54 | 3803 | 049 ICH <02 | 094 <2 0.26 0.59 192 16.7 18 0.389 | 0.0096 | 0.038
20921 | 3803 | 3852 | 0.49 ICH <02 0.6 <2 02 0323 199 1.8 124 | 0244 | 0.0046 | 0.031
20022 | 3852 | 3901 | 049 icH 0.24 0.34 <2 614 | 0.265 182 74 0.89 | 0207 | 0.0055 | 0.023
20023 | 39.01 395 0.49 iCH 0.26 0.34 <2 044 | 0202 160 74 083 | 0176 | 00042 | 0.021
200.24 | a95 | 3999 | 049 ICH 027 0.85 <2 013 | 0305 194 12 (K] 137 | 0.0165 | 0.027
20925 | 3989 | 4048 | 049 ICH 0.26 0.85 <2 018 | 0305 177 159 125 137 | 0.0199 | 0028
200-26 | 40.48 4 | o0s2 ICH 0.26 0.51 <2 016 | 0264 154 94 0.1 0.48 | 0.0069 | 0.024
209-27 | M 4157 | 057 T¢ 0.2 017 <2 0.11 0.135 132 4 063 | 0078 | 0001 | 0018
20028 | #1.57 | 4214 | 057 TC 0.36 0.51 <2 017 | 0378 184 92 0.96 062 | 0.0106 | 0.024
20029 | 4214 | 427 | 056 TC <02 | 043 <2 014 | 0020 167 73 085 | 0313 | 0.0045 | 0.02
20030 | 427 | 4318 | 048 ICH <02 1.02 <2 025 | 0552 191 19.1 192 | 03556 | 0.0091 | 0033
20031 | 4318 | 43668 | 048 ICH <02 | 077 <2 049 | 0393 186 169 13 0.266 | 0.0085 | 0.029
20932 | 4366 | 4414 | 040 ICH <02 | 085 <2 025 | 0571 | 218 2 216 | 0413 | 0.0008 | 0.035
20033 | 4414 | 4462 | 048 ICH <02 | 068 <2 017 | 0237 | 202 1.2 221 | 0438 | 0.0115 | 0.029
200-34 | 4462 | 45.4 0.48 ICH <02 | 034 <2 016 | 0288 192 86 0.85 187 | 0.0049 | 0024
20035 | 451 | 4558 | 048 ICH 0.4 047 <2 014 | 022 173 89 0.79 043 | 00027 | 0.023
20036 | 4558 | 46.06 | 0.48 ICH 0.4 0.51 <2 02 0.28 184 144 122 | 0.376 | 0.0104 | 0.028




Tabile E.1

nalytical Data

- ———
Trace Elements Duplicate I
[ Test Lab 2 5

R - I

Unit of measurement]| ppm (ug/p) ppm ppm ppm Ppm ppm % % % %
Sample #|From (m)| Ta (m) | Interval | Facles Bl Br Cd Hg Ir Sb Ta Ba Cr Al Fe Mn Na
20037 | 4608 | 4654 | 046 iCH <02 08 <32 017 | 0415 178 16.1 1.3 033 | 0009 | 0.026
20938 | 46.54 47 0462 | ICH 0.32 06 <2 0.18 0.38 170 13 1.21 | 0212 | 0.0056 | 0.025
205-39 47 475 | 0498 | ICH <02 | 077 <2 0.18 0.31 167 10 1.38 032 | 00089 | 0.031
205-40 | 475 48 05 ICH 0.38 0.68 <2 023 | 0537 | 219 18.9 1.7 | 032 | 0.0079 | 0.031
200-41 48 4853 | 053 FE 0.39 0.26 <2 013 | 0155 178 6.7 103 | 0.126 6.05
20042 | 4853 | 4006 | 053 FE 0.36 0.17 <2 014 | 0146 | 211 48 086 | 0.116 0.025
200-43 | 4008 | 496 0.54 FE 0.20 0.00 <2 091 0.159 119 058 | 0.121 0.018
20044 | 496 80 04 oV <02 419 <2 0.58 1.12 282 56.3 6.51 219 0.076
20045 | 50 50.4 04 oV <02 4.00 <2 0.63 1.2 326 | 604 7.02 144 0.076
20946 | 504 | 5080 | 049 FC_ <0.2 <2 0.11 0175 105 8.1 055 | 0119 0.015
20047 | 089 | 51.37 | 048 FC 0.27 <2 0.06 | 0.151 o 48 048 | 0051 0.014
20048 | 5137 | 5186 | 040 FC 0.28 <2 0.1 0.135 106 554 055 | 0.157 0.019
20049 | 5166 | 5234 | 048 FC <02 | 008 <2 012 | 0474 127 48 06 0.082 0.017
20050 | 5234 | 5283 | 049 FC <0.2 0.33 <2 0.12 | 0236 182 86 101 0.13 0.025
200561 | 5283 | 53.31 0.48 FC 0.34 0.08 <2 012 | 0125 150 34 068 | 0056 0.02
209-52 | 53.31 538 049 FC 0.26 <2 0.1 0.426 106 14 0.48 0.00 0.012
20053 | 538 | 5428 | 048 FC 0.41 0417 <2 017 | 0.411 150 122 109 | 0175 0.023
20954 | 5428 | 5497 | 049 FC <02 0.28 <2 017 | 0.368 208 0.4 143 | 0.144 | 0.0034 | 0031
20055 | 5477 | 5525 | 040 FC <02 | 025 <2 0.19 | 0.355 160 9.2 103 | 6134 | 0.0034 | 0.028
200668 | 5525 | 5574 | 049 FC 0.27 0.42 <2 016 | 0334 | 220 8.8 1.07 | 0.148 | 0.0034 | 0.035
20057 | 5874 | 5622 | 048 FC <02 | 008 <2 012 | 0317 174 93 093 | 0.103 | 0.0026 | 0,032
20058 | 5622 | S6.71 0.49 FC <02 | 025 <2 013 155 277 84 076 | 0076 | 00018 | 0.024
20958 | 56.71 57.2 0.49 FC 0.23 <2 0.12 143 261 65 054 | 0078 | 0.0015 | 0.02i
20060 | 572 | 5765 | 045 | OMM <02 4.09 <2 057 151 245 712 8.38 1.3 | 0.0018 | 0193
200681 | 5765 | 584 045 | DMM 0.58 4 <2 0.65 1.42 130 5 633 | 0836 | 0.0052 | 0.199
20062 | 56.1 5855 | 045 | DMM <02 | 456 <2 0.51 1.45 278 80.9 721 1.21 | 0.0074 | 0.241
20063 | 5655 | 69 045 | DMM 068 | 45 <2 | 069 | 153 [ 452 [ 773 | 677 | 1.05 | 0.0055 | 0.244
20084 | 59 50.5 05 | COAL <02 | 448 <2 081 | 135 184 701 7.81 107 | 0.0043 | 0232
20065 | 505 60 05 [ 0.61 1.28 <2 | 057 1.62 334 211 [ 0691 | 00014 | 0153
20066 | 60 60.5 05 | COAL 087 236 <2 0.65 245 125 50.7 379 | 0676 | 0.0022 | 0.242
20067 | 605 61 05 cs <0.2 228 <2 0.47 1.30 160 5456 357 | 0049 | 0.0034 | 047
20968 | 61 6l.4 04 DMM <02 | 499 <2 0.63 18 320 89.9 784 196 | 0.0063 | 0.371
20069 | 614 61.8 04 DMM 12 2.87 <2 0.61 1.63 154 60.4 4.47 1.48 | 0.0041 | 0.266
209-70 | 618 62.2 0.4 cS 0.9 1.72 <2 0,49 1.78 82 48.1 294 186 | 0.0024 | 0.208
20074 | 622 626 0.4 ) 0.7 1.38 <2 0.49 224 110 435 257 | 0418 | 0002 | 0.19%8
200.72 | 626 | 6305 | 045 | DMM <0.2 211 <2 0.64 2.18 116 505 376 | 0896 | 0.0030 | 0.21

200-73 | 63.05 | 635 0.45 DNM <0.2 1.71 <2 0.61 2.06 106 475 315 | 0.797 | 0.0036 | 04977




Table E.1
nalyucal Data
Trace Elements Duglicate | : ]
Test Lab
Unit of measurement ppm {ug/a) ppm ppm ppm ppm ppm % % % %
Sample #| From {m) To {m} | Interval | Facles Bi Br Cd Hg Ir Sh Ta Ba Cr Al Fe Mn Na
209-74 83.5 64 0.5 Cs 0.46 0.72 <2 0.26 1.03 18.3 1.04 218 | 00028 | 0.082
209-75 64 64.5 0.5 cs <0.2 1.89 <2 05 1.97 435 3.51 0.815 | 0.0047 | 0.188
209-76 64.5 65 0.5 cs 0.75 1.03 <2 0.32 1.32 67 27 2.1 0764 | 0003 | 0.132
209-77 €5 65.47 0.47 FC 0.77 0.99 <2 0.38 1.45 83 2.7 21 0.536 | 0.0024 | 0.147
200-78 | €5.47 65.95 0.48 FC 0.78 0.48 <2 0.4 1.35 190 .7 1.45 0693 | 0.002 | 0.107
200-70 | 65985 | 6€8.42 0.47 FC <02 0.81 <2 0.39 1.57 74 284 1.71 0696 | 00022 | 0.125
20980 | 66.42 66.9 048 FC 0.69 0.36 <2 0.24 0.908 16.3 0.89 0.333 | 0.0012 | 0078
208-81 €8.9 67.37 | 0.47 FC 048 0.56 <2 0.15 0.608 11.8 0.68 159 | 0.0015 | 0.064
20062 | 67.37 | 67.85 0.48 FC 0.93 0.09 <2 0.14 0.682 12.7 0.61 0.656 | 0.0014 | 0.078
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Table E.2
Analytical Data
|| | | | Minor Elements i | % | IBitumen
Test Lab 1 1 [ 1 1 1 1 1 1 1 1 1 1 1 Gulf
Unlto!MoasFurenm\t ppm | ppm | ppm | ppm { ppm | ppm | ppm | ppm [ ppm | ppm | ppm | ppm | ppm | ppm wi%
rom
sampte #| (m) | Tom)|imena|F**®®| as | 8 | Ba | Be | &1 | & | cs | @a | H | o | Rb | se | sr | v | Bitumen
2151 | 1485 ] 1544 | 020 | LTF 7 74 | 270 2 36 53 24 ] 160 | 14 50 | <05 | e 33 1.4
2152 | 1514 | 1576 | 062 | LTF 4 60 | 237 | <@ | 190 | 34 1.1 5 120 | 10 32 | <05 | 38 24 89
253 | 1576 | 1628 | 052 | LTF 4 84 | 268 | <2 | 140 | s3 1.8 4 160 | 16 4 | <05 | 46 32 54
2154 | 1628 | 1675 047 | LYF | 10 68 | 237 | <2 99 39 08 4 190 | 14 30 | <05 | 35 a2 6.8
215686 | 1875 | 1730 | 055 | LTF 4 82 | 28 | <2 | 15 | 4 16 3 130 | 13 3 | <05 | 42 [ 20 38
2156 | 1730 | 1790 | 060 | UTF 4 83 | 282 2 86 63 27 9 140 | 17 63 29 54 33 29
2157 | 17900 | 1850 | 080 | UTF | 4 93 | 204 2 100 | 61 24 7 100 | 15 63 | <05 | s6 35 0
2158 | 1850 | 1910 | 060 | LTF 4 6 | 271} <« 80 Ky 1.2 3 130 | 9 a2 29 | 24 19 85
2150 | 1940 | 1041 | 031 | SM 2 178 | 22 4 75 42 34 20 48 | 20 46 | <05 | 147 | 32 0
21510 | 1941 | 1996 | 055 | sm 4 147 | 387 3 64 06 83 2 86 | 21 12 | t4 | 116 | 39 0
21511 [ 1996 | 2051 | 055 | sm [ 135 | 394 3 54 83 5.1 19 92 | 20 [ 100 | <05 | oo 33 0
21512 | 2051 | 2105 | 054 | SM 4 132 | 385 3 54 87 54 2 o7t | 2 | 104 | 28 05 a7 as
21543 | 2105 | 2150 | 054 | SM 3 128 | asg 3 <3 | 85 §2 2 9.2 19 | 105 | <05 | 103 | 40 0
21514 | 2159 | 210 o051 | sm 3 153 | 418 3 136 | 92 6.4 24 862 | 2 [ 12| 20 | 111 38 0
21515 [ 2240 | 2250 { 040 | POM | 7 120 | ase 2 79 77 46 19 99 | 20 ) 1.7 | e0 a7 0
21518 | 2250 | 290 { o040 | POM | 4 11 | 3s0 2 85 74 39 16 | 110 | 18 &7 | 20 | o7 35 0
21517 | 2290 | 2330 | o040 | POM | 3 102 | 314 2 280 | 72 38 13 | 100 ]| 15 es | <05 | 79 a2 0
21518 | 2330 [ 2368 | 038 | UTF | 3 90 | 205 2 70 61 30 122 | 120 ] 15 87 20 61 25 0
21519 | 2368 [ 2405 | o3z | UTF | 3 82 | 28 < | 160 | s8 25 21 | 180 | 15 55 14 | 53 29 2.7
21520 | 2405 | 2453 | 048 | LTF | 12 68 | 243 | <2 | <30 | 48 1.0 4 9.4 s 3 | 05| 40 23 34
21521 | 2453 | 2500 | 047 | LTF 2 24 | 185 | <2 30 78 | 04 <2 37 5 17 1.0 25 7 57
215.22 | 2500 | 2652 | 052 | TC 2 17 | 184 | <« 25 11 02 <2 | 80 3 13 | <05 | 17 7 145
21523 | 2552 | 2604 | 052 | TC 1 2% | 170 | <« 20 9 02| <« | 86 3 12 | <05 | 20 10 14.4
21524 | 2604 | 2656 | 052 | TC 1 2 | 1715 | < 29 88 | «02 | <« | 78 4 11 | <05 | 15 10 142
21525 | 2658 | 2708 | 052 | TC 1 2 | 188 | <2 40 88 | 03 <2 43 5 1 | <05 ]| 18 8 149
21528 | 2708 | 2760 | 052 | TC 2 23 | 201 <2 59 1 0.3 <2 | 42 3 18 | <05 | 22 10 143
2527 | 27760 | 2812 | 052 | TC 2 18 | 178 | <« a7 67 | 03 <2 | as 4 18 | <05 | 13 7 139
21520 | 2812 [ 2665 | 053 | TC 1 20 | 163 | <« | <0 | 12 0.5 <2 | 120] 3 13 | <08 [ 17 7 137
2520 { 2865 | 2020 | 055 | UTF | 2 §7 | 203 | <2 91 27 1.3 3 130 | 7 23 | <05 M 17 10.4
21530 | 2020 | 2075 | 055 | LTF 1 43 | 159 | <2 as 24 | os <2 | 200] 7 1 | <05 | 17 27 86
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[ Table E.2
Minor Elements Bitumen

Sample | From To |interval | Facles | As B Ba Be Cl Cr Cs Ga HI Nb Rb Se Sr Y Biturnen
215-31 | 20.75 | 30.30 | 055 | LTF 2 60 203 <2 in 34 1.6 3 13.0 9 39 <0.5 29 21 14
21532 | 30.30 | 3085 | 055 | LTF 2 A 174 <2 60 20 05 <2 18.0 7 13 | <05 18 17 9.8
21533 | 30.85 | 3140 | 055 | LTF 2 51 184 <2 133 3 0.9 <2 110 7 25 1.3 20 17 13.9
21534 | 3140 | 3210 | 070 | SID 1 29 192 2 <30 28 0.5 <2 8.1 4 19 13 87 1 108
21535 | 3210 | 3263 | 053 | LTIF 2 66 220 <2 194 39 2.0 3 140 10 49 1.6 33 28 83
21536 | 3263 | .16 | 053 | LTF 2 55 205 <2 80 26 1.1 3 13.0 10 27 1.3 28 2 8
21537 | 3316 | 33.70 | 054 | LTF 2 59 26 <2 133 il 1.7 4 130 1" 41 <0.5 42 25 6.1
21538 | 33.70 | 3421 | 051 | UTF 2 56 204 <2 M 3 1.0 3 17.0 10 29 26 2 21 6.1
21539 | 3421 | 34.73 | 052 | UTF 4 67 229 <2 <30 50 21 5 140 10 46 1.1 4 2% 47
21540 | 3473 | 3524 | 051 | UTF 2 7 24 <2 180 43 22 8 11.0 11 49 1.1 43 25 47
21541 | 3524 | 3576 | 0.52 | UTF 3 76 260 <2 53 46 23 8 120 11 54 21 52 24 a9
21542 | 35.76 | 38.27 | 051 | UTF 3 76 257 <2 111 52 24 8 13.0 11 61 <05 42 25 4
215-43 | 3627 | 3879 | 082 | UTF 2 57 254 <2 <30 48 16 4 10.0 8 M <05 | 214 2 4.4
21544 | 36.79 | 3730 | 051 | UTF 3 94 270 2 42 56 3.1 9 16.0 12 68 1.2 48 28 35
21545 | 3730 | 3780 | 050 | UTF 2 77 31 <2 106 48 24 6 17.0 11 51 1.7 42 2 2.7
21546 | 3780 | 3830 | 050 | UTF 3 L) 254 <2 96 53 27 8 20.0 12 57 <0.5 45 2 36
21547 | 38.30 | 38.90 | 060 | UTF 3 110 an 2 <30 64 45 15 13.0 16 84 2.1 63 30 a7
21548 | 38.00 | 39.39 | 049 | UTF 3 95 259 2 80 56 3.1 9 19.0 12 63 1.7 53 40 a5
215-49 | 30.39 | 40.00 | 081 | UTF 4 110 268 2 42 ) 45 16 9.8 15 g2 20 63 ) 2
21550 | 40.00 | 40.43 | 043 | ICH ) 4 185 <2 80 8.1 0.3 <2 5.0 5 11 0.9 2] 14 122
21551 | 4043 | 4086 | 043 | ICH 1 4t 238 <2 143 10 05 3 33 8 14 <0.5 n 14 11.8
21552 | 40.86 | 44.30 | 0.44 | UTF 2 26 26 <2 " i) 0.5 <2 s 3 2 15 20 10 14
21553 | 41.20 | #1.87 | 057 | UTF 3 55 289 2 84 43 23 11 100 13 48 22 58 2 4.4
21554 | 4167 | 4243 | 0568 | UTF 3 40 244 <2 64 32 1.3 4 120 10 36 <0.5 38 18 10.2
21555 | 4243 | 43.00 | 057 | UTF 2 63 278 2 60 50 25 8 10.0 14 54 <0.5 52 26 3.7
21556 | 43.00 | 43.50 | 0.50 TC 1 2 193 <2 50 11 02 <2 8.8 4 12 09 23 10 155
21557 | 43.50 { 4400 | 050 TC 2 12 176 <2 ] 11 0.2 <2 74 3 13 12 17 7 15
215-58 | 44.00 | 4450 | 0.50 TC 2 17 180 <2 51 8.7 0.2 <2 68 3 14 <05 0 7 15.8
21559 | 4450 | 4500 | 0.50 TC 2 19 188 <2 45 10 0.2 <2 7.8 3 1 <05 20 10 15.8
21560 | 45.00 | 4552 | 052 CcB 2 28 240 <2 131 2 14 5 8.8 10 34 0.0 41 18 10.4
21561 | 4552 | 4600 | 0.48 CB 2 N 210 <2 o7 20 0.8 2 LA L 28 0.Y 8 14 8.3
21562 { 4800 | 4652 | 052 | POM 8 o7 355 4 <30 7% 5.0 19 5.1 20 108 | <05 3 40 0
215683 | 4652 | 4703 | 051 | PDM 3 105 413 4 <30 82 58 =2 1.5 24 114 13 98 38 0
21564 | 4703 | 4755 | 052 | PDM 4 104 374 3 95 76 5.0 20 8.0 23 107 | <05 N 42 0
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ﬁ i i | Table E.2 | 1 |
— —— ———— ————

Minor Elements [ |[
Sample | From | To |interval] Facies | As 8 Ba Be Cl Cr Cs Ga Hf Nb Rb Se St Y
21565 | 4755 | 4806 | 051 | PDM 4 100 | 365 3 420 78 5.1 19 88 21 107 1.8 89 42 0
21566 | 40.06 | 4858 | 052 | PDM 7 20 336 3 342 (4l 43 15 8.8 20 86 08 80 37 0
21567 | 4958 | 4909 | 051 { PDM 3 78 200 3 230 65 3as 13 78 15 82 <05 76 k) 0
21568 1 4909 | 4061 | 052 { PDM 4 ot 33t 2 310 87 41 14 10.0 19 89 07 80 38 0
21569 { 496t | 5012 | 051 PDM 3 1) 355 2 362 69 39 16 1.0 18 90 =05 89 35 0
21570 | 5012 | 5064 | 052 | PDM 3 82 315 2 269 64 as 14 120 18 80 <05 | 70 34 0
215-71 | 5064 | 5115 | 051 | POM 4 74 N7 2 170 59 31 10 120 18 74 08 66 34 0
21572 | 5145 | 5167 | 052 | PDM 4 74 02 2 420 59 29 12 120 17 1.2 70 30 0
21573 | 5167 | 5218 | 051 | POM 3 72 258 2 507 62 29 12 13.0 17 65 <05 | 64 34 0
21574 | 5218 | 5270 | 052 | POM 4 77 264 2 284 62 32 14 12.0 17 28 62 30 0
21575 | 5270 | 53.24 { 054 | UTF 4 84 235 <2 420 49 25 10 11.0 15 52 <05 | 56 33 Mot
21576 | 53.24 | 5381 | 057 | UTF 3 80 prL] <2 400 47 25 10 11.0 14 55 05 | 52 7] Bitumen
21577 | 5381 | 5420 | 048 | UTF 3 60 225 <2 302 47 28 10 9.7 14 52 <05 | 48 30 Saturated
21578 | 54.29 | 548t | 052 | UTF 6 58 2 <2 a4 45 23 8 14.0 13 50 1.5 48 2 Below
215-79 | S54.81 | 5533 | 052 | UTF 8 684 238 <2 558 54 28 1 11.0 16 80 05 | 60 30 Here
21580 | 5533 | 5580 | 047 | UTF 6 58 pr2] <2 388 51 27 10 11.0 17 57 1.0 56 30
21581 | 5580 | 5632 | 052 | OV 5 114 | 215 2 2713 83 52 p«] 7.0 o1 <05 | 77 34
21582 | 5632 | 5645 | 053 | OV 8 148 | 2 2 204 89 65 2 8.7 7] 108 1.6 a7 | 28
29583 | 56.85 | 57.37 | 052 ov 9 178 284 2 319 2 88 27 69 28 116 06 129 3
21584 | 5737 | 5790 | 053 oV 6 156 216 359 a7 82 19 1.0 28 88 1.2 119 5
21585 | 5700 | 5845 | 055 | CS 4 48 66 <2 749 20 <02 | <2 66 1 <10 1.0 54 7
21566 | 58.45 | 5200 | 055 | CS 2 50 54 <2 s 26 14 4 6.7 1 14 08 a7 11
21587 | 50.00 | 5950 | 050 | COAL| 21 339 | 381 1 329 18 1.2 7 42 18 <10 18 | o8 2
21588 | 59.50 | 60.00 | 050 [C(OW 1 19 36 <2 361 12 <02 | <2 5.9 12 <10 09 28 7
215-89 | 60.00 | 6050 | 050 [c(O:W 2 14 49 <2 167 97 | <02 | <2 52 7 <10 12 18 1
21590 | 6050 | 81.00 | 050 fC(OW 2 52 14 <2 70 25 | «<0.2 <2 1.6 <2 <0 | <05 9 0
21501 | 61,00 ] 6150 | 050 | CS 15 116 44 585 30 0.3 8 86 16 <10 | <05 | 68 20
21592 | 61.50 | 62.00 ) 050 o} 3 M 46 <2 480 32 03 <2 11.0 19 <10 15 42 23
21593 | 6200 | 6247 | 047 |FCWS]| 7 27 79 485 32 0.7 7 85 1 <i0 | <05 | 40 15
21504 | 6247 | 6265 | 048 [FCWS| 3 11 25 <2 652 20 | <02 4 1.7 5 «10 | <05 | 40 4
21505 | 6295 | 6342 ! 047 |FCWS| 2 14 38 <2 LT 28 «0.2 4 1.9 5 <10 | <05 | 69 4
215068 | 6342 | 6390 | 048 |[FCWS| 2 15 132 <2 682 29 <0.2 4 1.7 8 <10 | <08 | 65 0
21507 | 639 | 643 | 040 [Sitstone| 2 27 ] <2 188 17 «0.2 <2 10.0 19 <40 0.6 39 20
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Table E.2
[ Analytical Data [ |
Metallic Elements || Precious Metals
e —— .
Test Lab 1 1 1 1 mt 1 1 1 1 1 1 1 1 1 1
Unit of MB'WM:GN Ppm ppm_| ppm PPm PpM | ppMm | PPM | PPM | PPM | ppm ppm ppm ppm Ppm PpM
om
Sample # {m) | To (m) | Interval Facles | o, Cu Mo Ni Pb Sn v w Zn Zr | Ag | Au(NA) | Au(Fire) Pd Pt
21541 1485 | 1514 | 020 | LTF 16 19 3 29 8 <5 56 2 1M 570 <0.4 <002 | 0003 | <003 | <005
2152 1514 | 1576 | 062 | LTF 13 12 <2 30 8 <5 49 <i 28 458 <0.4 <002 | 0001 | <003 | <005
2153 1576 | 1628 | 052 | LTF | 120 14 7 3 8 <5 57 880 a3 555 <0.4 0006 | 0018 | <003 | <005
2154 1628 | 1675 | 047 | LTF a5 11 2 20 13 <5 54 570 2 573 0.4 <002 | 0009 | <003 | <005
2155 1675 | 1730 | 055 | LTF 26 13 <2 44 11 <5 53 80 30 616 <0.4 0003 | 0005 | <003 | <005
2158 17.30 | 1790 | 060 | UTF 17 16 4 30 11 <5 63 3 4?2 483 <04 <002 | 0003 | <003 | <005
2157 1700 | 1850 | 060 | UTF 31 17 4 2 12 <5 58 110 42 491 <0.4 0003 | 0010 | <003 | <005
215-8 1850 | 1990 | 060 | LTF 15 13 3 30 8 <5 44 3 2 448 <0.4 <002 | 0003 | <003 | <005
2159 1910 | 19.41 | 0.31 SM 12 18 3 20 18 ] 87 68 27 34 05 0008 | 0006 | <003 | <005
215-10 1941 | 1996 | 055 | SM 12 20 2 30 18 <5 97 3 50 207 <04 <002 | 0.00 <003 | <005
21511 1996 | 2051 | 055 | SM 20 24 4 49 14 <5 101 2 79 3 <0.4 0002 | 0.001 <003 | <005
215-12 2051 | 2105 | 054 SM 22 20 4 39 15 <5 99 4 72 328 <04 0.003 0.001 <003 <005
21513 2105 | 2159 | 054 | SM 25 21 3 36 15 <5 100 30 69 299 <0.4 <002 | 0003 | <003 | <005
21514 2159 | 2210 | 051 SM 24 26 5 43 10 <5 11 4 79 288 05 <002 | 0.001 <003 | 0.008
21515 210 | 250 | 040 | POM | 20 18 2 ;] 12 <5 88 4 62 an <04 | 0002 | 0002 | <003 | <005
21516 2250 | 2200 | 0.40 | PDM 17 18 3 a3 11 <5 78 <i 60 ara <04 | 0002 | 0002 | <003 | <005
21517 2290 | 2330 | 040 | PDM | 17 18 3 29 5 <5 74 8 49 343 0.5 0003 | 0008 | <003 | <005
215-18 2330 | 2368 | 0.38 | UTF 14 19 <2 29 8 <5 66 3 45 403 0.4 <002 | 0004 | <003 | <008
215-19 2368 | 2405 | 037 | UTF 45 20 4 3t 15 <5 56 230 4 623 <04 0003 | 0007 | <003 | 0005
215-20 2405 | 2453 | 048 | LTF 21 ] 4 27 20 <5 52 <i 35 363 <0.4 <002 | 0002 | <003 | 0.004
21521 2453 | 2500 | 047 LTF 20 28 <2 2 9 <5 39 1 12 205 «0.4 <,002 0,002 <003 <005
21522 2500 | 2552 | 052 | TC 74 20 3 24 <5 <5 36 1 6 215 <04 <002 '| 0003 [ <003 | <005
21523 2552 | 26.04 | 052 TC 13 16 <2 20 6 <5 35 <] 7 62 <04 <002 0.003 <003 0.005
215-24 2604 | 2656 | 052 | TC as 9 2 25 8 <5 33 < 7 455 <04 <002 | 0003 | <003 | <005
215-25 2656 | 2108 | 052 TC 2.7 8 <2 20 9 <5 35 <1 8 245 <04 <,002 0,002 <003 <005
215-26 27708 | 27160 | 052 | TC 55 7 <2 21 9 <5 37 <1 10 143 <0.4 <002 [ 0003 | <003 | <005
2527 2760 | 2812 | 052 | TC 12 1 <2 p ] 8 <5 <] <1 5 180 <04 <002 | 0.001 <003 | <005
215-28 28.12 | 2865 | 053 TC 5.7 13 <2 25 8 <5 <y 1 8 324 <04 <002 0.004 «<,003 0.004
215-29 2065 | 2020 | 085 | UTF | 82 16 <2 2 1 <5 43 2 23 509 <0.4 0020 | 0002 | <003 | <005
21530 2020 | 26.75 | 055 | LTF 47 55 2 24 13 8 42 1 25 061 <0.4 <002 | 0001 | <003 | 0.004
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Table E.2
Metallic Elements

Precious Metals

Sample # (m) | Totm) | interval | Facles | Co Cu Mo Ni Pb Sh v w Zn 2r Ag | Au(NA) | Au(Flre)

21531 2975 | 3030} 055 | LYF | 68 12 <2 22 13 <§ 42 1 23 410 <04 <002 | 000t | <003 | 0.006
215.32 3030 | 3085 | 055 | LTF 16 12 <2 23 6 <5 8 1 12 652 <0.4 <002 | 0001 | <003 | 0.004
21533 3085|3140 055 | LTF | 82 9 <2 2 11 <5 40 <| 1 517 <0.4 <002 | 0003 | <003 | <005
21534 | 3140 | 3210] 070 | SID 1 8 3 16 <5 <5 16 83 8 287 <04 | 0048 | 0077 | <003 { 0.005
215-35 3210 | 3263 | 053 | LTF 0.2 12 <2 21 8 <5 44 1" p 74 583 <04 | 0002 | 0.001 | <003 | 0009
215-38 3263 | 3316 | 053 | LTF 5.3 10 2 25 9 <5 49 1 18 541 04 0002 | 0002 | <003 | <005
215-37 3498 | B0 054 | LTF | 72 11 <2 24 10 <5 56 1 25 497 <04 | 0002 | 0002 | <003 | <008
21538 | 33.70 | 3421 | 051 | UTF a 12 <2 26 9 <5 45 2 2 660 0.4 0002 | 0002 | <003 | <005
21539 | 3421 | 3473 | 052 | UTF 46 25 3 30 9 <5 55 190 N 475 <04 | 0008 | 0022 | <003 | <005
21540 | 3473 | 3524 | 051 | UTF 13 17 2 20 17 <5 55 2 a8 408 05 <002 | 0002 | <003 | <005
215-41 3524 | 35718 | 052 | UTF 18 2 2 30 14 <5 53 2 s 445 <0.4 <002 | 0002 | 0004 | <005
21542 | 3576 | 38271 051 | UTF 90 25 5 k]| 19 <5 55 560 3 528 05 0014 | 0077 | <003 | <005
215-43 3627|3679 052 | UTF | 100 15 ] 27 [} <5 a7 720 25 445 <04 | 0047 | 0048 | <003 | <005
21544 | 3679 ] 3730 | 051 | UTF 16 19 3 28 15 <5 61 3 41 569 0.8 <002 | 0001 | <003 | <005
21545 | 3730 | 3780 | 050 | UTF 34 23 2 28 9 <5 50 <] s 605 05 0002 | 0009 | <003 | <005
21546 | 3780 | 3830 | 050 | UTF p 2] 15 3 M 14 <5 55 55 34 678 05 0005 | 0017 | <003 | <008
21547 38.30 | 3800 | 060 | UTF 2 20 2 35 20 <5 7t 2 55 463 <04 | 0003 | 0004 | <003 | <005
215-48 3890 | 3939 | 049 | UTF 31 18 2 28 17 <5 65 120 44 666 0.5 0.003 | 0005 | 0.004 | <005
215-49 39.30 | 4000 | 0681 | UTF 17 18 <2 38 24 <5 79 3 S7 337 0.6 0002 | 0002 | <003 | <005
21550 | 4000 | 4043 | 043 | ICH 3 4 <2 4 7 <5 41 <) 10 386 <0.4 <002 | 0001 | <003 | <005
215-54 4043 | 4086 | 043 | ICH 34 13 <2 27 10 <5 45 <1 19 220 0.5 <002 | 0001 | <003 | <005
21552 4088 | 4130 | 044 | UTF | 58 12 <2 27 <5 <5 41 <t 13 147 <0.4 <002 | 0001 | <003 | <005
21553 | 4130 4187 | 057 | UTF | 9a 12 4 26 7 <5 54 3 M 0.4 <002 | 0001 | 0002 | <005
21554 | 4187 | 4243 | 056 | UTF | B4 10 3 24 <5 <5 48 2 25 0.4 <002 | 000t | 0002 | <005
21555 | 4243 | 4300 | 057 | UTF 42 12 3 26 10 <5 57 270 34 418 «04 | 0004 | 0003 | 0002 | <005
215568 | 4300 | 4350 ] 050 | TC 55 9 <2 32 <5 <5 43 <1 9 374 <04 [ <002 [ 0001 | 0002 | <005
21557 | 4350 | 4400 | 050 | TC 46 7 3 24 4 <5 39 1 8 208 <04 | <002 | 0001 | 0002 | <005
216580 | 4400 | 4450 | 050 | TC 12 7 2 26 8 <5 39 <{ 10 366 <04 <002 | 0001 | 0002 | <005
21569 | 4450 | 4500 | 050 | TC 33 7 2 24 <5 <5 38 <1 ] 370 <0.4 <002 | 0001 | 0003 | <005
21560 | 4500 | 4552 | 052 | CB 6.8 10 2 24 8 <5 52 < 28 a4 <04 | <002 | 0001 | 0002 | <005
215-81 4552 | 4600 | 048 | CB 5.8 7 <2 24 <5 <5 44 < 16 318 03 <002 | 0003 | 0002 | <005
21562 | 4800 | 4652 | 052 | POM | 24 24 3 44 11 <5 92 48 66 204 05 <002 | 0009 | 0002 | <005
21563 | 4852 | 4703 | 051 | PDM | 21 23 2 45 10 <5 104 7 74 202 <04 | <002 { 0006 | 0002 | <005
215684 | 4703} 4755 | 052 | PDM | 20 pr] <2 41 14 <5 94 a 69 258 <04 | <002 | 0002 | 0002 | <005
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Table E.2

|i i Precious Metals i

Sample # {m) | To(m) | interval | Facles | Co Cu Mo Ni Pb Sn v w Zn Zr Ag Au (NA} | AuFire) Pd Pt
215-65 4755 | 4806 | 051 | POM 19 18 2 3 9 <5 84 4 65 320 «(.4 <002 | 0.001 0002 | <005
215-668 4806 | 4558 | 052 | PDM 2 16 <2 31 8 <5 76 13 S5 348 <0.4 <002 | 0.001 0.002 <.005
21587 4858 | 49.00 | 051 | POM 18 16 3 29 5 <5 67 25 47 320 08 <002 | 0004 | 0.002 <.005
215-68 49009 | 4961 | 052 | PDM 19 15 <2 31 10 <5 67 13 51 362 <0.4 <002 | 0.003 | 0.002 <005
215-69 4961 | 5012 | 051 | PDM 24 19 2 30 12 <5 66 61 54 390 0.4 <002 | 0002 | 0.003 | <005
215-70 50.12 | 5064 | 052 | PDM 26 14 3 28 1 <5 59 78 42 600 <0.4 <002 | 0.001 0.002 | <006
21571 5064 | 5445 | 051 | PDM 20 16 <2 26 8 <5 56 22 40 436 <0.4 <002 | 0.0 0.002 | <005
215-72 5115 | 5167 | 052 | PDM 18 18 <2 26 10 <5 54 18 42 492 0.5 <002 | 0002 | 0002 | <005
215-713 5167 | 52148 | 051 | POM 28 20 2 25 8 <5 53 55 40 500 «0.4 0002 | 0005 | 0002 | <005
215-74 5248 | 5270 | 052 | PDM 17 13 3 27 <5 <5 57 4 49 498 <0.4 0002 | 0001 0.002 | <.0056
215-75 6270 | 5324 | 054 | UTF 13 18 <2 27 10 <5 53 2 36 482 05 <002 | 0002 | 0002 | <005
215-78 53.24 | 5381 | 057 | UTF 20 18 <2 24 8 <5 51 9 fex) 460 «0.4 0.005 | 0.001 0.002 | <.005
215-17 5361 | 5420 | 048 | UTF 11 14 2 24 6 <5 52 2 35 478 <0.4 <.002 ;| 0.001 0002 | <005
215-78 54.20 | 5481 | 052 | UTF 15 16 <2 26 12 <5 49 2 N 424 <0.4 <002 | 0.00t 0002 | <.005
215-79 5481 | 5533 | 052 | UTF 20 15 <2 28 14 <5 51 45 41 452 <04 0002 | 0004 | 0.003 | <005
215-80 §5.33 | 5580 | 047 [ UTF 18 17 <2 26 14 <5 49 32 4 484 <0.4 0004 | 0008 | 0004 | <005
215-81 55.80 | 5632 | 0.52 ov 15 yr) <2 36 13 <5 85 13 49 294 <0.4 <002 | 0003 | 0002 | <005
215-82 56.32 | 5685 | 0.53 ov 14 22 <2 48 20 <5 93 4 70 276 <0.4 <002 | 0.001 0.002 | =<.005
21583 56.85 | 67.37 | 052 oV 1S a) <2 47 22 <5 103 7 63 290 0.4 <002 | 0002 | 0.002 | <005
215-84 57.37 | 5790 | 053 ov 17 19 2 29 15 <5 75 7 45 442 04 <002 | 0.001 0.002 | <005
21585 5790 | 5845 | 055 CcS 58 49 3 13 4 <5 20 43 4 298 <0.4 <002 | 0.0 0002 | <.005
215-88 58.45 | 5§9.00 | 0.5 Ccs 51 26 3 12 <5 <5 24 250 11 348 <0.4 <002 | 0002 ;| 0002 | <005
21587 59.00 | 5950 | 050 |COAL| 7.3 15 3 12 9 <5 7] 3 3 434 <0.4 0003 | 0000 | 0.001 <,005
215-88 §9.50 | 60.00 ) 050 [C(O+W 19 10 <2 15 <5 <5 18 110 2 244 <0.4 <002 | 0003 | 0002 | <005
215-89 60.00 | 60.50 | 0.50 fC (O*\M 15 17 <2 19 8 <5 30 <1 6 248 05 <002 | 0.001 0002 | <005
215-80 60.50 | 61.00 | 050 fC(O+W 72 18 <2 16 <5 <5 28 <1 2 68 <0.4 <002 | 0.001 0.002 | <005
215-91 61.00 | €150 | 0.50 CS 44 25 ) 21 9 <5 54 110 8 392 <0.4 <002 | 0002 | 0002 | <005
215-82 61.50 | 6200 { 050 CS 25 29 4 19 <5 <5 30 3 3 448 <0.4 <002 | 0001 0002 | <005
215-93 6200 | 6247 | 047 |FCWS| 14 14 2 16 9 <5 42 2 8 202 <0.4 0002 | 0019 | 0002 | <005
215-94 6247 | 6205 | 048 |[FCWS| 62 34 2 22 1 <5 20 160 4 58 <0.4 0009 | 0038 | 0002 | <005
21505 6295 | 6342 | 047 |FCWS| 110 74 4 2 8 <5 5 200 5 54 <0.4 0048 | 0082 | 0010 | <005
215-96 6342 | 6390 | 048 |FCWS| 34 ) 3 20 ) <5 26 52 4 58 <0.4 0.007 | 0008 | 0002 | <005
21597 639 | 643 | 0.40 |Siistone] 11 13 3 13 <5 <5 9 35 2 438 <0.4 0210 | 0002 | 0003 | <.005

~0e3-



Table E.2
Analytical Data
Primary Elements !

Test Lab 1 1 1 1 1 1 1 1 1 1
Unit of Measurement WM%) | %) | %) | W%) | M%) | M%) | M%) | %) | M%) | wt%)
sample# | From@m) | To(m) Interval Facles Al Ca Fe K Mg Mn Na P si T
215-1 14,85 1514 020 LTF 400 | 008 | 088 | 102 | 022 | 001 | 045 | 00z | 3703 | o047
2152 1514 1576 0.62 LTF 237 | 003 | 064 | 078 | 015 | 001 | 048 | 002 | 3631 | 037
2153 15.76 16.28 052 LTF 332 | 006 | 081 | 094 | 019 | 001 | 022 | 003 | 2615 | 050
2154 16.28 1675 0.47 LTF 254 | 004 | 072 | 080 | 014 | o001 | 021 | 002 | %622 | 042
2155 16.75 17.30 055 LTF 302 | 004 | 070 | 084 | 045 | 001 | 023 | 003 | 3668 | 045
2156 17.30 17.90 0.60 UTF 455 | 006 | 098 | 120 | 023 | 001 | 028 | 003 | 3663 | 055
2157 17.90 18.50 0.60 UTF 449 | 004 | 094 | 128 | 025 | 001 | 026 | 004 | 3692 | 052
2158 18.50 19.10 0.60 LTF 24t | 003 | 068 | 066 | 014 | 001 | 018 | 003 | 37.25 | 032
2159 19.10 10.41 0.31 sM 774 | 017 | 102 | 147 | 032 | 001 | 038 | 002 | 2640 | o061
21510 19.41 19.96 0.55 sM 956 | 006 | 139 | 181 | 047 | 001 | 038 | 003 | 3065 | 067
21514 19.96 2051 055 M 845 | 006 | 147 | 177 | 047 | 001 | 033 | 003 | 3081 | o065
21512 2051 21.05 054 M 882 | 006 | 165 | 180 | 049 | 001 | 030 | 005 | 3070 | 065
21513 21.06 21.59 054 &M 846 | 027 | 461 | 171 | 080 | 006 | 030 | 005 | 285 | 081
21514 21,59 2210 051 SM 994 | 017 | 295 | 167 | 055 | o006 | 033 | 005 | 2675 | oes
21515 210 250 0.40 POM 788 | 006 | 251 | 166 | 044 | 006 | 028 | 005 | 3110 | o062
21516 250 260 0.40 POM 724 | 045 | 525 | 147 | 086 | 008 | 025 | 008 | 3045 | 056
2517 290 23.30 0.40 POM 612 | 021 | 240 | 122 | 037 | 006 | 022 | 004 | 3268 | 081
21518 23.30 23.68 0.3 UTF 565 | 008 | 161 | 122 | 030 | 003 | 020 | 003 | 3366 | 0.9
21519 2368 24.05 0.37 UTF 450 | 006 | 096 | 103 | 021 | 001 | 047 | 003 | 2500 | 045
21520 24,05 24,53 0.48 LTF 203 | 009 | 089 | 060 | 040 | 001 | 010 | 002 | 3345 | 021
21521 2453 25.00 0.47 LTF 081 | 005 | 030 | 041 | 004 | 001 | 008 | 002 | 3698 | 015
2152 25.00 2552 052 TC 075 | 003 | 020 | 038 | 003 | 001 | 005 | 002 | 3787 | o413
21523 25.62 26.04 0.52 TC 070 | 001 | 024 | 039 | 005 | 001 | 003 | 002 | 3685 | 014
21524 26.04 26.56 052 TC 071 | 003 | 032 | 038 | 004 | 001 | 003 | 002 | 3730 | o016
21525 26.56 27.08 052 TC 078 | 002 | 02 | 039 | 003 | 001 | 005 | 001 | 3840 | 014
21526 27.08 2760 052 TC 062 | 003 | 024 | 042 | 005 | 001 | 003 | 002 | 3726 | oA
21527 27.60 2812 052 TC 070 | 003 | 023 | 039 | 002 | 001 | 003 | 002 | 3757 | o1
21528 26.12 28.65 053 TC 073 | 003 | 027 | 037 | 004 | 001 | 005 | 002 | 3842 | 0144
21529 28.65 29.20 055 UTF 198 | 006 | 092 | 057 | 010 | 001 | 008 | 002 | 3703 | 030
21530 29.20 20.75 0.55 LTF 084 | 003 | 053 | 038 | 003 | 00t | 003 | 002 | 2605 | 032
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| | Table E.2
|| =I: Primary Elements
= ——————————————

Sample # From (m) To (m}) Interval Facles Al Ca Fo K Mg Mn Na P si L]
215-3 20.75 30,30 0.55 LTF 2,06 0.06 0.58 0.61 0.11 0,01 0.08 0.02 36.49 0.7
215-32 30.30 30.85 0.55 LTF 092 0.03 0.38 0.39 0.03 0.0t 0.06 0,02 37.14 0.26
21533 30.85 31.40 0.55 LTF 1.33 0.0 065 0.45 0.08 0.01 0.06 0.02 37.00 025
215-34 31.40 32.10 0.70 SID 1.08 2.08 12.45 0.38 1.80 0.1 0.06 0.02 26.37 0.17
21535 32.10 3283 053 LTF 2.44 0.18 1.39 0.66 0.19 0.03 0.09 0.03 38.10 0.33
21536 3263 3316 0.53 LTF 207 0.05 072 0.61 0.10 0.01 0.09 0.02 ar.o2 0.20
21837 33.18 N 0.54 LTF 286 017 1.51 073 0.268 0.04 0.11 0.02 38.20 0.35
215-38 3370 4N 0.51 UTF 213 0.04 0.70 0.61 0.09 0.03 0.11 0.02 36.69 033
215-39 M2 473 0.52 UTF 3.50 0.15 1.5t 0.68 0.25 0.04 0.14 0.03 35.00 038
21540 3473 35.24 0.51 UTF 387 0.06 1.23 0.95 0.2 0.04 0.16 0.02 35.00 0.38
215-41 35.24 35.76 0.52 UTF 410 0.08 1.08 0.98 0.24 0.04 0.2 0.07 36.16 0.40
215-42 35.76 38.27 0.51 UTF 407 0.10 159 0.8 0.28 0.04 017 0.02 36.03 0.42
21543 38.27 36.79 0.52 UTF 265 427 1.62 0.67 0.49 0.04 0.14 0.8 31.95 0.29
215-44 36.79 37.30 051 UTF 468 008 1.41 1.16 028 0.04 0.20 0.03 35.60 0.46
21545 37.30 37.80 0.50 UTF AN 0.10 1.15 0.96 0.20 0.04 0.17 0,02 36.52 0.42
21548 37.80 3830 0.50 UTF 4.00 0.06 1.12 0.96 0.23 0.04 0.19 0.03 36.41 0.44
21547 38.30 38.90 0.60 UTF 6.16 0.13 N 135 033 0.06 0.20 0.03 a5 0.55
21548 38.00 3939 0.49 UTF 472 0.35 2.7 117 0.44 0.05 0.24 0.03 317 0.48
21549 30.39 40.00 0.61 UTF 6.47 0.09 1.75 1.38 0.38 0.04 025 0.03 32.74 0.50
215-50 40.00 40.43 0.43 ICH 1.04 0.1 0.53 0.47 0.10 001 0.13 0.02 37.74 021
21551 40.43 40.686 0.43 ICH 213 0.06 053 0,75 0.09 0.0 0.16 0.03 36.78 0.2
21552 40.88 41,30 0.44 UTF 1.23 0.05 037 0.55 0.06 0.01 0.08 0.02 8.2 0.14
21553 41.30 41.87 057 UTF 443 0.18 1.18 1.20 0.28 0.03 0.30 0.02 36.30 0.38
21554 41.87 42.43 0.56 UTF 266 0.08 0.68 0.80 0.18 0.03 0.19 0.02 36.68 028
21555 4243 43.00 057 UTF 463 0.08 1.10 117 0.26 0.03 0.1 003 3652 0.39
215-56 43.00 4350 0.50 TC 0.87 0.01 0.26 0.45 0.05 0.01 0.05 0.04 37.69 0.16
21557 43.50 44.00 0.50 TC 0.66 001 0.20 0.39 0.04 0.0 0.05 0.01 3.2 0.13
215-58 44.00 44 50 0.50 TC 072 0.05 0.22 0.39 0.05 0.01 0.06 0.01 Y NE 0.14
21559 44.50 45,00 0.50 TC 0.74 0.04 0.21 0.40 0.05 o.M 0.05 0.01 38.74 0.15
215-60 45.00 4552 0.52 cs ais 0.05 073 0.63 0.16 0.03 015 0.02 37.03 0.20
215-61 4552 46,00 0.48 cB 1.82 0.04 0.51 0.61 0.06 0.03 0.10 0.02 37.01 0.19
21562 48.00 48.52 0.52 PDM 7.56 0.46 780 1.72 0.74 0.16 0.28 0.08 26.54 0.58
215-83 4852 47.03 0.51 PDM 0.68 0.23 .01 212 0.51 0.00 0.32 0.07 30.00 0.64
215-84 47.03 47.55 0.52 POM 8.08 0.20 3.30 1.94 053 0.08 032 0.03 30.91 0.64
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! Table E.2 !
P

[ rimag Elements L
Sample # | From (m) To (m) Interval Facles Al Ca Fe K Mg Mn Na P S Tl
215-65 47.55 48.06 0.51 PDM 7.75 0.26 333 1.82 0.64 0.08 0.29 0.03 31.16 0.63
215-66 48,08 4858 0.52 POM 8.77 0.32 5.19 1.58 0.50 0.12 0.28 0.05 30.33 0.58
215-67 48.58 49.09 0.51 POM 6.02 0.54 8.15 1.39 093 0.12 0N 0.06 27.39 0.5t
215-68 49.09 4961 0.52 PDM 665 0.19 273 1.58 0.40 0.07 0.27 0.05 33.07 0.58
215-69 49,81 50.12 0.51 PDM 6.76 0.33 2.48 1.60 0.41 0.07 0.27 0.05 34.39 0.59
215-70 50,12 50.64 052 PDM 6.15 0.14 2.23 1.39 0.31 0.05 0.24 0.05 34.39 0.52
21571 50.64 51.15 0.5% PDM 537 0.19 258 1.20 0.3 0.05 0.24 0.05 34.59 0.49
215-72 51.15 51.67 0.52 PDM 524 0.05 1.75 1.26 0.28 0.04 0.23 0.03 3589 | 049
21573 51.67 5218 0.51 PDM 482 0.32 204 1.03 0.30 0.05 0.25 0.05 35,30 0,49
215-74 52.18 5270 0.52 PDM 53 0.18 1.74 1.07 0.30 0.04 0.18 0.03 3468 | 053
215-75 52.70 53.24 0.54 UTF 304 0.22 1.88 0,88 027 0.13 0.16 0.03 3599 | 045
215-76 53.24 53.81 0.57 UTF 77 0.07 1.62 0.83 0.20 0.05 0.14 0.02 36.28 | 042
215-77 53.91 54.29 0.48 UTF 368 0.07 1.56 0.77 0.20 0.05 0.42 0,03 36,11 0.40
215-78 54,20 54.81 0.52 UTF as? 0.18 1.69 0.79 0.2} 0.05 0.11 0.03 3574 | 042
215-79 54.81 55.33 052 UTF 435 0.08 1.62 0.84 0.24 0.04 0.47 0.03 36.18 0.49
215-80 55.33 55.80 0.47 UTF 4,05 0.04 1147 0.87 0,20 0.03 0.14 0.02 36.96 0.48
215-81 55.80 56.32 0.52 ov 7.83 0.28 4.29 119 052 0.05 0.x 0.05 2984 | 064
215-82 56.32 56.85 0.53 ov 8.03 0.28 317 1.48 0.65 0.04 0.35 0.07 3048 | 070
21583 56.85 §7.37 0.52 ov 10.27 038 1.65 1,87 0.76 0.02 0.43 0.02 28.92 0.84
215-84 57.37 57.00 0.53 ov 7.28 0.21 1.19 1.29 0.49 0,01 033 0.03 2099 0.4
245.85 57.90 58.45 055 cs 0.76 0.09 0.46 0.08 0.05 0.01 0.37 0.02 3909 [ 0.31
215-86 58.45 59.00 055 cs 1.56 0.03 0.33 0.15 0.08 0,01 0.11 0.02 40,01 0.29
215.87 59.00 59.50 0.50 COAL 1.68 0.83 1.82 0.03 0.26 0.0 0.63 0.13 6.67 0.60
215-88 59.50 60.00 0.50 FC(O+W) | o018 0.04 0.34 0.03 0.02 0.0 0.07 0.02 41.85 0.36
215-89 60.00 60.50 0.50 FC(O+wW) | 0.70 0.03 0.55 0.15 0.04 0.01 0.05 0.02 40.73 0.22
215-90 60.50 61.00 0.50 FC(O+W) | 0.24 0.01 0.39 0.03 0.03 0.0 0.03 0.02 3954 | 008
21591 61.00 61.50 0.50 [o1] 2.36 0.10 1.03 0.06 0.04 0.01 0.20 0.01 522 052
21592 61.50 62,00 0.50 CS 217 0.06 0.48 0.03 0.03 0.01 0.10 0.02 40.79 0.54
21593 62.00 62.47 0.47 FCWS 3.61 0.09 037 0.24 0.10 0.0 0.19 0.06 40.M 0.25
215-04 62.47 6295 0.48 FCWS 1.80 0.22 052 0.06 012 0.03 0.00 0.02 4215 007
215-85 6205 83.42 047 FCWS 1.4 0.04 0.45 0.08 0.03 0.00 0.11 0.03 41.11 0.07
215-96 83.42 63.00 0.48 FCWS 1.78 0.03 0.44 0.10 0.02 0.00 0.10 0.07 41.21 0.07
215-97 63.9 84.3 0.40 Silstone 0.18 0.03 0.29 0.03 0.02 0.00 0.03 0.02 4380 | 054
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Table E.2
Analytical Data
Test Lab 1 1 1 1 1 ] 1 1 1 1 T ] 1] 1 | 1 1 ] 1 ] 1 1] 1 ] 1
Unﬂule:remm ppm | ppm | ppm | ppm | ppm | ppm [ ppm | pom | ppm | ppm | ppm [ pom | pom | ppm | ppm [ ppm | ppm | ppm | ppm
TOm
sample#| (m) [Toe|F*®®| co | Eu | Gd | ta | w [ Nd | sc |{sm| ™| m| v | vw]| & | 6 | ca|lr | v | sb| Ta
2151 | 1485 ] 1544 LTF | 81 | 129 | 50 | 366 | 051 | 34 | 78 | 58 | 08 | 09 | 30 | 347 | < | <05 | <08 | <1 |<000t| 05 | 1.0
2152 | 1544|1576 | LTF | 62 | 084 | 41 | 236 | 041 | 21 | 50 | 37 | 07 | 63 | 21 | 265 | <5 | <05 | <05 | <1 |<0.001| 03 | 06
2153 | 1576 | 1628 | LTF | 72 | 124 | 50 | 330 | 055 | 32 | 70 | 51 | 08 | 05 | 20 | 378 | <8 | <05 | <05 | <1 |<0001] 04 | 1.4
2154 11628 [1675] LTF | 66 | 1.06 | 50 | 302 | 055 | 26 | 57 | 49 | 09 | 81 | 26 | 362 | <6 | <05 | <05 | <1 |<0.001| 03 | 08
2166 | 16.75 | 17.30 | LTF | 72 | 141 | 49 | 322 | 054 | 31 | 68 | 64 | 10 | 85 | 27 | 347 | <5 | <05 | <05 | <1 |<c001] 04 | 08
2158 | 17.30 | 1790 | UTF | 83 | 134 | 63 | 363 | 055 | 37 | 04 | 55 | 10 | 11 | 20 | 388 | <6 | <05 | <05 | <1 |<0001] 05 | 1.4
2157 | 17.00 | 1650 | UTF | 80 | 1.20 | 61 | 350 | 054 | 33 | 86 | 53 | 09 | 10 | 30 | 376 | <5 | <05 | <05 | <1 |<0001| 05 | 08
2158 | 1850 | 1990 | LTF | 59 | 096 | 41 | 254 | 039 | 23 | 47 | 37 | 07 | 71 | 23 | 269 | < | <05 | <05 | <1 |<0001| 0.4 | 05
21659 | 19.10 | 1941 | SM | 40 | 068 | 26 | 191 | 028 | 17 | ©3 | 27 | 05 | 61 | 15 | 195 | <5 | <05 | <05 | <t |<0001] 03 | 07
21510 | 19.41 | 1996 | SM | 90 | 170 | 70 | 488 | 054 | 42 | 170 | 7 | 12 | 15 | 38 | 384 | <6 | <05 | <05 | <t |<0001] 07 | 13
21511 | 19.96 | 2051 | SM | 96 | 167 | 58 | 459 | 054 | 42 | 150 | 68 | 11 | 13 | 35 | 304 | <6 | <05 | <05 | <1 |<0.001] 07 | 14
21512 | 2051 | 2106 | SM | 98 | 165 | 65 | 451 | 055 | 38 | 160 | 65 | 1.2 | 14 | 36 | 401 | <5 | 08 | <05 | <t |<0001] 07 | 1.4
21613 | 2105 | 2150 | SM | 92 | 154 | 70 | 424 | 054 | 30 | 200 | 63 | 12 | 14 | 32 | 305 | <6 | <05 | <05 | <1 |<0.001] 06 | 1.3
21514 | 2159 | 2210 | SM | 101 | 168 | 58 | 461 | 081 | 38 | 170 | €7 | 11 | 14 | 35 | 362 | <6 | <05 | <05 | <1 |<0.001] 07 | 14
21615 | 2210 | 2250 | POM | 90 | 148 | 56 | 41.6 | 051 | 40 | 140 | 63 | 10 | 13 | 33 | 383 | <6 | <05 | <05 | <1 |<0.001] 07 | 15
21516 | 2250 | 22.00 | PDM | 86 | 1.45 | 53 | 300 | 054 | 36 | 130 | 57 | 10 | 13 | 32 | 392 | <5 | <06 | <05 | <1 |<0.001| 06 | 13
21517 | 2200 | 23.30 | POM | 83 | 138 | 43 | 374 | 049 | 32 | 160 | 56 | 10 | 12 | 31 | 366 | <6 | <05 | <05 | <1 |<0001]| 05 | 13
21518 | 23.30 | 2368 | UTF | 72 | 114 | 44 | 326 | 045 | 31 | 01 | 49 | 08 | 10 | 27 | 393 | <6 | <05 | <08 | <1 |<0.001| 04 | 09
21619 | 2366 | 2405 | UTF | 77 | 947 | 40 | 355 | 052 | 32 | 74 | 5 | 08 | 11 | 31 | 349 | <6 | <05 | <05 | <1 |<0.001] 04 | 09
21520 | 2405 | 2453 | LTF | 60 | 1.30 | 47 | 3256 | 030 | 32 | 41 | 65 | 07 | 87 | 19 | 208 | <5 | <05 | <05 | <1 |<0.001] 04 | 04
21621 | 2453 | 2500 | LTF | 23 | 030 | 10 | 06 [ 040 | © | 94 | 13 | 02 | 23 | 07 | 088 | <5 | <05 | <05 | <1 |<0001] 02 | 03
21522 | 2500|2552 TC | 24 | 035 | 10 | 99 | 042 | 10 | 12 | 14 | 02 | 32 | 08 | 073 | <6 | <05 | <08 | <1 |<0001| 02 | 03
21523 | 2552 | 2604 | TC | 33 | 040 | 1.7 | 155 | 023 | 15 | 10 | 23 | 03 | 51 | 11 | 143 | <6 | <05 | <05 | <1 |<0001]| 01 | 04
21524 | 2604 | 2656 | TC | 31 | 043 | 1.7 | 137 | 014 | 14 | 14 | 21 | 03 | 36 | 08 | 088 | <6 | <05 | <05 | <1 |<0001] <01 | <03
21526 | 2656 | 2708 | TC | 18 | 031 | 10 | 78 |042| 7 | 08 | 13 | 02 | 22 | 05 | 07 | < | <05 | <05 | <t |<0.001| 01 | 03
21826 | 27.08| 2760 | TC | 23 | 030 | 10 | 104 | 043 | 11 | 13 | 16 | 02 | 3 | 07 |078 | <5 | <05 | <05 | <1 |<0.001] 01 | <03
21527 | 27.60 | 2842 | TC | 17 | 021 | 10 | 77 009 | 7 | 08 | 12 | 02 | 18 | 05 | 053 | <5 | <05 | <05 | <1 |<0.001] 041 | 03
21528 | 2612 | 2866 | TC | 54 | 046 | 30 | 271 | 022 | 21 | 13 | 36 | 05 | 10 | 14 | 138 | <5 | <05 | <05 | <1 |<0001] 04 | 03
21620 | 2865 | 2020 | UTF | 48 | 074 | 30 | 221 | 034 | 22 | 33 | 36 | 05 | 64 | 16 | 215 | <5 | <08 | <05 | <t |<0001] 03 | 04
21530 | 29.20 | 2078 | LTF | &5 | 069 | 30 | 263 | 041 | 25 | 23 | 39 | 05 | 70 | 18 | 253 | <5 | <05 | <05 | <t |<0001] 02 | <03
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Table E.2
Rare Earths

o
Trace Elements

- —_

Sample | ) |To(m)jFacles| Ce Eu | Gd La Lu Nd S¢ | sm ] Hg

21531 [ 2078|3030} LTF | 55 | o081 | 33 | 255 | 034 | 2 36 | 39 [ 08 | 75 | 18 |22 | «5 | <06 | <05 | «1 |<0001| 02 | 08
21532 (3030 [ 3065] LTF | 47 (064 | 31 | 224 | 040 | 22 19 | 34 [ 05 | 63 | 19 | 249 | «5 | <05 | <05 | <t |<0001| 02 | 07
21533 {3085 |40 LTF | 43 | 067 ( 26 | 190 | 030 | 20 | 26 | 32 | 04 | 52 | 14 | 173 | <5 [ <05 | <05 | «t [<«0001] 02 | 02
21534 |314013210| SID | 1 | 052 | 20 | 149 {620 | 14 | 30 | 23 | 03 | 38 | 14 [ 130 ] <« | <05 | <05 | <1 [<0001] 02 | <03
21535 |3210 13263 | LTF | S8 | 000 | 40 | 270 {042 | 22 | 48 | 42 | 07 | 74 | 190 | 268 | <5 | <05 | <05 | «1 |«0001] 03 | o7
21536 |3263{3318] LTF | 49 | 074 | 27 | 26 | 035 | 20 | 34 | 38 | 05 | &1 1.7 [ 224 | <5 | <05 ) <05 | <1 [<0001|] 03 | 08
21537 13316 |3270 | LTF | 58 | 004 | 40 | 269 | 042 | 28 | 62 | 43 | 07 | 77 | 20 | 263 | «5 | <05 [ <05 | <t [<0001] 03 | oo
21538 | R0 | n | UTF | 50 | o83 | 35 | 270 |[o042 | 27 | 34 | 42 | 08 | 77 | 21 26 | <5 | <05 | <05 | <t (<0001 03 | 086
21539 | 3421 3473 | UTF | 68 | 107 | 53 | 314 | 048 | 28 | 66 5 08 | 96 | 23 3 <5 | <085 | <05 | <1 |<0.001| 04 | 08
21540 | 3473 /3524 | UTF | 69 | 006 | 40 [ 272 | 041 | 25 | 60 | 44 | 07 | 78 | 20 | 272 ]| < | <05 | 04 | <1 [<0001| 04 | 08
21541 | 3524|3576 | UTF | 65 | 103 | 46 {299 [ 044 | 30 | 59 | 49 | 07 | 84 | 23 | 200 | < | <05 | <05 | <1 |<0001] 04 | 07
21542 | 3876 |3627 | VTF | 76 | 144 | 43 {362 | 051 | a5 | 74 58 | 09 1 27 | 356 | <5 | <05 | <05 | <1 [<0001] 05 | 1.1
21543 13827 | 3679 | UTF | 52 {088 | 37 | 243|037 | 24 | 84 4 07 | 71 16 | 247 | <5 | <05 | <05 { <1 |<0001 03 | 08
21544 | 3879|3730 | UTF | 85 | 123 | 63 | 307|056 | 38 | 74 | 62 | a9 12 | 29 | 36 | <5 | <05 | <05 | <1 [<0001] 04 | 09
21545 |37.30 | 3780 | UTF | 75 | 114 | S3 | 349 | 052 | 34 | 61 | 56 | 09 | 08 | 25 | 347 | < | <05 | <05 | <1 [<0001| 04 | 07
21546 | 3700|3830 | UTF | 88 | 125 | 60 | 404 {060 ] 40 | 65 | 65 | o9 12 26 | 378 ]| <5 | <«05)] 05 | <1 |l<0001| 04 | 1.0
21547 | 3830 | 3900 | UTF | 88 | 139 | 60 | 403 o060 ] 35 | 907 | 68 | 1.1 12 | 30 | 385 | <5 | <05 | <05 | <1 [<0001| 05 | 12
21548 | 3890 | 3939 | UTF | 90 | 138 | 66 | 425 ] 063 | 41 | 110 86 | 10 12 | 31 [ 406 | <5 | <05 | <05 | <1 |«0001] 12 | 08
21549 | 39.39 | 4000 | UTF | 81 | 139 | 60 {373 | 053 | 38 | 100 | 63 | 1.1 1 24 {343 | <5 | <05 | <056 | <1 [<000t| 04 | 1.1
21550 {4000 | 4043 | ICH | 95 [ 025 | 10 | 66 [ 014 | 7 1.3 | 11 | 02 2 08 | 083 | «5 | <05 | <05 | <1 |<0001| <01 | <03
21551 | 4043|4088 | ICH | 17 |o028 | 10 | 79 | 014 7 13 | 12 J 02 | 19 | 05 | 072 «5 | <05 ]| <05 | <t |<000]| 01 | 03
21552 | 4088 | 4130 UTF | 20 [ 035 ] 11 | 86 [012 | o 18 | 18 02 | 21 07 | 072 | <5 | <05 ] <05 <1 |<000t] 02 | <03
21553 | 41.30 | 4187 | UTF | 58 | 097 276 | 035 | 24 | 64 | 42 | 07 8 24 | 25 | «5 | <085 | 05 | <1 [<0.001| 04 | 07
21554 | 4187 | 4243 | UTF | 44 | 0.72 €2 ] 032] 20 | 48 [ 32 | 06 [ 65 | 20 | 212 | <5 | <05 ] <05 | <1 j<0001| 03 | 07
21555 | 4243 | 4300} UTF | s9 | 099 201 | 037 | 25 | 66 | 45 | 08 | 87 | 28 | 28 | <5 | <05 | <05 | <1 |<0.001] 04 | 0B
21558 | 43.00 | 4350 TC 28 | 0.35 143 | 019 | 13 13 | 19 | 03 | 41 11 | 119 ] <5 | <05 | <085 | <1 |<0001] 01 | <03
21557 | 4350 | 4400 TC 24 | 030 119 | 046 | 10 13 | 16 | 02 | 32 | 10 1 <5 | <05 | <05 | <1 [<0001] 01 | 04
21558 | 44.00 | 4450 | TC 27 | 03y 134 | 014 | 12 12 | 18 | 03 | 42 | 11 | 101 | <5 | <05 | <05 | <1 |<0001] 03 | <03
21559 | 4450 [ 4500 | TC 25 | 032 123 | 016 | 11 1.3 | 18 | 03 | 39 | 10 | 107 | <5 | <05 | <05 | <t |<0001] 02 | 04
21560 | 45.00 | 4552 | ¢B 37 | 062 184 1025 | 16 | 40 | 28 | 05 | 56 | 17 | 166 | <« | <05 | <05 | <1 |<0001| 03 | 08
21581 | 4552 | 4600 | cB 31 | 054 154 | 021 | 14 | 290 | 23 | 04 5 1.3 | 144 | <5 | <056 | <05 | <t {<0001] 03 | 05
21562 | 4800{ 4652 | PDM | 80 | 150 408 048 | 33 | 130 ] 66 | 1.1 12 | 33 [365| <5 | <05 | <05 | «1 |<0001| 06 | 1.1
21563 | 4852 | 4703 | PDM | 92 | 165 459 oS4 | 4 | 150 15 | 12 14 | 35 | 300 «5 | 05| <05 | <1 |<000t| 07 | 12
21564 | 47.03 | 4755 | PDM | 91 | 1.5¢ 443 | 081 | 4t | 150)] 73 | 12 13 | 38 | 39 1 & | <05 | 05 | <1 |<0001| 068 [ 1.4
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i Table E.2 | | _.___J_|_=.ﬁ|

I Rare Earths ] | Trace Elements
Sample )‘ To{m){ Facles| Ceo Eu La Lu Nd Sc Sm | Tb Th ujJw Bi er Cd Hg Ir Sb Ta
21565 | 47.55 | 48.08 | POM | 90 | 1.60 450 | 054 | 43 | 140 | 71 | 13 | 14 | 38 | 407 | <5 | <05 | 05 | <1 j<000| 07 | 1.3
21565 |48.08 | 4858 | PDM | 81 | 142 399 [ 053 | 38 | 140 | 64 | 11 | 12 | 33 | 389 | <5 | <05 | 06 | <1 |<0001] 07 | 1.2
21567 | 4858 | 4000 | POM | 72 | 1.25 353 (047 | 33 | 140 | 57 | 19 | 11 | 31 } 347 | <5 | <05]| 05 | <1 [<0001| 05 | 1.0
21568 14909 | 4961 | PDM | 75 | 1.40 395 (050 | 37 | 110 63 | 11 | 12 | 34 [ 375 | <5 | <05 | 05 | <1 |<0.00t| 06 | 1.2
21569 14961 [5012 | PDM | 80 | 1.40 400 | 050 | 37 | 120 | 63 | 11 | 12 | 37 [ 383 | <5 | <05 | 05 | <t [<000t| 06 | 1.3
21570 | 5012 | 5064 | PDM | 73 | 1.20 367 | 047 | 35 (100 | 66 | 09 | 12 | 32 (334 | <5 | <05 | <05 | <1 [<0001| 05 | 1.0
215-71 5064 | 5115 | PDM | 68 | 1.14 345 | 040 | H 100 | 53 | 08 11 35 [ 354 | <5 | <05 | <05 | <1 {<0001] 05 | 1.1
21572 | 51145 | 5167 | POM | 66 | 1.12 343 | 046 | 32 | 90 | 52 | 08 | 11 | 32 | 338 | <5 | <05 | <05 | <1 |<0.001]{ 05 | 1.0
21573 j51.67 | 5218 | PDM | 70 | 1.7 356 | 049 | M 90 | 54 | 10 1 34 345 | «5 | <05 | 07 <1 [«0001] 05 | 1.2
21574 | 5218 | 5270 ( PDM | 73 | 1.47 372 | 048 | M4 [ 100 ] 54 | 10 12 34 1348 | <5 | <05 | <05 | <1 |«0.001] 05 | 11
21575 | 5270 | 5324 | UTF | &1 | 1.02 298 | 047 | 28 7.1 47 | 07 | 89 | 25 | 297 | <5 | 08 | 0S5 <1 [<0001]| 04 | 14
215-76 | §3.24 | 5381 | UTF | 61 | 097 296 | 043 | 24 | 69 | 47 | 07 | 89 | 24 [ 275 | <5 | <05 | 05 | <1 [<0001] 04 | 10
215-77 | 5381 | 5420 | -UTF | 59 | 0.95 280 | 041 | 22 | 67 | 45 | 07 | 83 | 22 | 271 | <5 | <05 ]| 06 | <t [<0001| 04 | 0B
21578 | 54.20 | 5481 | UTF | 59 | 096 263 | 044 | 28 67 | 45 | 07 | 83 | 22 | 278 | <5 | <05 | 086 <1 |<0001| 05 | 08
215-79 {5481 | 5533 | UTF | 67 | 1.12 325 | 049 | 30 | 80 | 51 | 08 | 98 | 25 | 325 | <5 | <05 | 08 | <t [<0001] 05 | 1.0
21580 | 5§5.33 | 6560 | UTF | €8 | 1.07 318 | 047 | 30 | 76 | 5 | 09 | 93 | 25 [ 316 | <5 | <05 | 06 | <1 |<000t| 04 | 08
21581 {5580 5632 | OV | 81 | 1.36 42 1051 | 37 1130 | 62 | 08 | 13 | 28 | 33 | <5 | <05 ] 09 | <1 [<0.001] 06 | 1.0
21562 16632 |5665| OV | 76 | 1.8 392 | 048 | 31 | 130 | 53 | 00 | 13 | 31 [314 | <5 | <05] 08 [ <1 |<0.001 06 [ 1.0
21583 16685 | 5737 | OV | 76 | 1.2 403 | 047 | 31 | 140 | 52 | 08 | 13 | 32 [ 316 | <5 | <05 | 09 | <1 |<0001| 08 | 1.7
21584 | 5737 [5700| OV | 70 | 1.09 374 | 056 | 30 | 130 ) 46 | 08 | 12 | 37 | 358 | <5 | 10 | 06 | <1 |<0001| 08 | 20
21585 {5790 [5845| €S | 13 | 020 67 |020| 5 | 21 | 09 | 02 f 31 | 11 | 12 | <5 | 09 | <05 | <t |<0.00f] 02 | 07
21586 {$845 5000 | €S | 19 | 032 96 | 023 | 7 | 29 | 12 | 03 [ 4 | t5 | 140 | 60 | 06 | 06 | <1 |<0001| 02 | 09
21587 | 50.00 | 5950 | COAL| 47 | 055 278 0223 | 16 | 72 | 26 | 05 | 68 | 23 (149 | <5 | 00 | 06 | <1 |<0001| 04 [ 09
21566 | 59.50 | 80.00 |[C(O+W 10 | 0.20 51 | 018 4 13 | 06 | 02 | 24 12 | 114 | <5 | <05 | <05 | «1 [<0001| 02 | 07
215-89 | 60.00 { 60.50 [C(O+W 10 | 0.16 49 | 015 4 12 | 07 | 02 | 22 ] 09 | 091 | <5 | <05 | <05 | <1 [<0001} 01 | 04
21590 | 60.50 | 61.00 [C(OW 6 | 010 28 [004| 2 | 06 | 04 | <01 | t1 | 05 | 025 | «5 | <05 | <05 [ <1 [<0.001] <01 | <03
21591 | 61.00 [ 6150 | CS 42 | 083 186 [ 0. 20 789 | 36 | 07 | 56 | 62 | 202 | <5 09 | <05 | <t |<0001} O5 | 1.0
21592 (6150 /6200| €S | 41 | 083 170 | 038 | 16 | 56 | 26 [ 07 | 71 | 68 | 231 | <5 | <05 | <05 | <1 [<0.001| 04 | 1.4
21593 | 62.00 | 62.47 jFCWS| 35 | 038 23 1018 | 14 4.5 2 03 § 67 | 31 [ 147 ]| <5 08 | <05 | <1 |<0.001] 02 | 08
215-04 | 62.47 | 6295 [FCWS| 38 | 0.27 215 005 | N 1.8 14 | 02 | 27 10 | 033 | <5 0.7 | <05 | <1 |<0.00t] 01 03
21505 | 6295 | 6342 [FCWS| 45 | 0.38 216 | 004 | 16 | 20 | 2 | 03 | 34 | 11 {034 | <5 | 11 | <05 | <t [<0.001] 02 | <0.3
21596 | 63.42 { 63.00 |[FCWS| 27 | 030 13 1005 ( 9 20 | 16 | 02 | 35 | 13 033 | <5 | 08 | <05 | <1 |<0001] 04 | G4
21597 | 639 | 643 Elstong 13 | 025 73 | 0.29 4 19 | 08 | 03 | 32 | 1.7 | 188 | <6 | <05 | <06 | <« [<0001] 03 | 1.2
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o Table E3 Balance ol Chemical Analyses ' o ) :
| Core Hole 209 |

- L vber copae B o o N el e e ] s S R

- 2 ! : - A S ; | N
I o - ! - — S i R
Pimary | Mnor | Tace | Rae | “Mews | TTow | .| Biumen | "Siicaas |Auminumas| T

Eloments | Elemenis | Eloments ' Eaths | [“Soids | T " C sz | amec3T[ T

% ok L% % TR Ty e R %% T

pample iFrom (m] To (m) | inferval | Facies | S N AR =N S B A
2081 | 281 |76 | 08 | TC |B5B53% | 075% | .600% 005% | .042% | 86:0% 148% | 832% 13% | 7~

[ 262 172867 [ 201 | 06 | TC | 86.771% | 041% | .000% | GO4% - 042% | "8B9% | T T4 8% | 843% | 14% |

(200371 201 | 298 | o5 | TC [ B0.024% ] 038% | .000% | 005% 081% | 80 % 1 148% ] Tre% | 3%

264 | 205|301 |05 | FC_| 80.830% | 037% | TO00% | .005% | “053% | BTO% I51% [TIR 1% -
258 | 501|508 | 06 | Tc_ | 80301% | 037% | 000% | 006% | 0499 | 80 4% 149% | 782% [ 3% "
ot s | ot | B85 \TcT|B2420% |T043% | .000% | 008% | “OBg% | “BZB% | T I Tiae% | Boo% | T4l -
(BSTI S| a6 | 05 | Yo [00614% | 044% | 000% | O00S% | OBI% | So7e1 - 148% | 885% | 14% [

2098 | 316 | %21 | 05 | TC |89556% 1 058% | .000% ! 007% | 068% | 89.7% | | 12E% T Ee A% | 0% T
2009 | 320 [ 326 | 08 | TC | 91.146% ] T071% | 000% | 007% 0% |["8138% | - 182% 7|87 4% | 5% |
20910328 [ 1 | o5 | TC |90047% | 088% | 000% 1 007% | "062% | 97.1% 148% | 88.9% 15% 7
209-11] 331 | 336 | 05 | TC [89880% | .046%;" 000% | 007% | 063% ! 90.0% 183% | 87.4% 1.4%
(20012386 | 3417\ 05 | TC (00675% | "065% | 060% | 008% i 066% | 90.8% 145% | 87.4% | 20%

2001317347 [ 346 | 06 | TC | 01787% | 056% | 000% | .006% | 072% | 914% | 144% | 893% | 16%

200-14| 346 | 9600 | 0a9 | icH | 90.488% | 058% | .00o% | 006% | 072% | 806% 145% 7| 875% | 19% |
20916 3500 | 3658 | 049 | icn | 90.784% T 069% | 006% | 005% | 069% - 809% o 99% | 882% | 15% -

2016|3658 | %607 | 049 | ici TO2834% | 075% | 000% | 006% | 074% | 930% | 105% | 894% | 21%
(20917 3607 3656 | 048 | ioH | 89.036% 090% | 000% ' .006% 072% 89.2% 11.3% 855% 21%

20918 36.56 | 3705 | 049 | icH | 88626% | 078% | 000% ' 007% | 083% | 88a% _93% | B49% | 23%

20019 37.05 [ 3754 | 049 | icH | 69.289% | 088% 1T 000% | 007% | 013% T BE5% [ T 141% | 858% | 20% |~

| 20020| 3754 | 3609 | 049 | IcH 80935% | 19794 7] T000% | 008% | 075% [ W02% | | Ta4% I X
205213803 | 3852 | 049 | iCH_| 90.875% | .095% | O00% | “006% | “070% | 8T0% kN 1A Y- R

20922 3852 | 30.01 | 049 |"ICH ['90.070% | "088% | .000% | .008% T 074% | 603% |- — 148% | 876% | 15%

20923| 3001 | %05 | 049 | ICH | 91.504% | [096% | .000%  005% | 074% | 9% | T | _138% | 889% fr‘.r'._ff{i/?“ ” '
209-24| 395 | 3099 | 049 | icH | B8.808% | "530% 600% 006% 067% 89.5% W3% | 833% | 209 |

884% 0%
29| 404 | 41 | os2 i | 0.893% | 285% | G00% | “005% | 0B6% | B12% |~ 1A% | BY4% | 6%
awer|_ o T#sr| 0s | Tc | 89435% | 1039% |~ 1000% | 003% | 062% | 98 | 170% | 880% | 6%
2628|4157 214 | 087 | TC [90.378% | 388% | 000% | 007% | T0BI% I 909% | T 1a9% | Bs2% | i em
209-28| 4274 | 427 | 08 | TC | B9.707% 128% | .000% :065%'-_" 074% 89.9% 1 15.0% 872% 1 13%

206301 427 [ 4318 | o4e | toH B9.163% | 136% | 000% | 009% | T092% | 89.4% | ~ | 82% 1 B36% | TAA% | T
20931] 43.18 | 4366 | 048 | 1oH | 88774 T %49 0008, 008% 084%, 89.0% 1 12.4% B 4% |T9e%

200-25] 2099 | 4048 [ 049 | icH [BBO62% | 564% | 000% | .007% | 06d% | sesw | 11.4% ] 6 | T
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Table E.3 Balance of Chemical Analyses

S =m R X N '
—— . SO ESUVN SNSRI S
i

[Core Hole 209~

Bampie #From (m| To (m) Interval | Facies | Primary 1 Minor | _Trace Rare | Melals |  Total _v_bailumer‘\'_"____Sil_ica as Nung?l;n as|

Elements | Elements T___El.e_rggt‘!lf | Eamhs T Solids | T 1 sioz h ' Aoz

% % % % % R % : T
FRgR|dace Md ) odg | icH | BT981% | 148% | 000% | OT0% | I0BS% | 883% N [ S A 11—
20933| M4.14 [ 4462 | 048 | ICH | 8B.2808% | _T86%% .000% .005% .0"7_5_‘_“{3_ - 88.6% ’ TI?B‘/J"_“ B4 '27]'""{_’ EER

20034 | 4462 | 451 | 048 | iCH [ BA0TI% | "087% | 000% . 006% 1 T078% | 842% | 1 135% T BiA% | 14%
209-35! 451 | 4558 | 048 | ICH | 85.496% | 074 .000% 004% 1 7.069% 85.6% s 16.1% | 836% 1% 1

203-36| 4560 | 4606 | 048 | icH | B6.82T% | .148% | 000% | .007% | 077% | &V i% | | 123% | 83a4% | 6% | ST

20097/ 4606 | 4654 | 048 | icH | 85.313% 150% | .000% | 007% | .083% | B856% 13.0% | 81.2% 2.4%

20038} 4654 | 47 | oas2 | icH | 85.885% 101% | 000% | 006% i .080% | 86.1% ' C125% 7 B25% | 2a% 1

[20059] 47 | 475 [04se | icH | 85:880% A58% | 000% | 006% | .670% | 861% | T [ “1ie% | 81.7% 26% | T
209401 475 | 48 | o5 | icH ['86.289% | 097% | .000% | .008% | 084% | 8E5% o 126% | 822% 24% I

20941| 48 | 4883 | 053 | FE | 85240% | .110% | [000% | .004% |~ 071% | 8549 5% 3% 1o

20942 4853 | 49.06 | 083 | FE | 82704% | “.i37% | T000% | 003% | 075% | #vgy | 1 153% | 8oe6% | 13% |

200-43) 4906 | 496 | 054 | FE | 84585% | "153% | "000% | .004% | 084% 1 BaEw | L. 1 51% | 835% . 5%

20944 496 | 80 | 04 | ov |'B9265% | B71% | 006% | 021% | 1i4% [ 904% T T A0% | 888% & 156%

20045 50 | 504 | 04 | OV |BOBT6% | .437% | 000% | 031% | 132% ["G04% | - 1. 57% T 71.0% | 130%

20046| 504 | 5089 [ 049 | FC | 85821% | 030% | 000% 004% | 096% | 858% | 1 28% | 845% ; I
20847 | 8069 | 6137 | 048 | FC | 85.246% | [021% 000% | 003% | 075% | 853% | | 144% | "84.3% 5% 1
200481 5197 | 5186 | 049 | FC | 82828% | 038% | T000% | 003% | O71% [829% [ ~TTIT13e% [ Bis% | T
'200-49| 5106 | 6234 | 048 | FC | 83651% | 051% 000% | 004% | 073% |"840% | T T 174% 182 3% 8%
209506234 | 5283 | 040 | FC | 85.703% | 0667% | .000% | 004% | 066% | 858% | 166% | 826% 1 1.7%

20051 ] 5283 | 5331 | 048 | FC | BAO7i% | .042% | 0060% | .003% | 0%9% | 845% 175% | 825% | 8%

]
20952, 8331 | 838 | 049 | FC ]82382% | 019% | .000% | .008% | 08

Ol | Q00% | 008% | "082% | B25% | | 168% | B14% | 5% T
20053] 638 | 6428 [ 048 | FC | 82500% | 036% | 000% | .006% T 094% | arve 15.0% | 802% | 14% |~

goct| sz | st | oa [ FC S3seae | OSD% O00% | 008% | O79% | TS37% | I T165% | 90e% | 20% | T - -

20965 54.77 1 6625 | 048 | FC | 85028% | 047% | 000% | .005% | ¢ }.852% | 1. 164% 1 823% | 17% |
20956{ 5625 | 5574 | 049 | FC | 85.565% | _054% .000% 005% 088% 85.7% 171% 825% 189%™

2957)| 5574 | 6622 | 048 | FC | 80571% | 065% | ~000% | 005% | 086% | BOYEL | 168% | 782% | 15% | T

20958| 5622 | 56.71 | 049 | FC | 81 741% | 051% | 000% | .007% | 084% 1 879% 1 o 1Ti59% [TTaa% 4%

20959 5671 | 672 | 049 | FC_| B13V1% | 040% | 000% | 006% |T087% 18T 4% 155% | 800% 7%

20360| 572 | 5765 | 045 | DMM | B8.789% | ".356% | _fﬁﬁo% | oT6% " |"115% | "893% | 7T TNot | 899% | 137%C Kisiiia

209-81) 5765 | 5681 | 045 [ DMM | B8.368% | .192% [ "000% | “014% | 174% | 887% Saturated| "70.9% | 125%

20962 | 601 | 5665 | 046 | DMM | BOT78% | " 331% | 1000% | OI8% | T2i% | 896% T T With | 876% | 1Eage—— —
20663| 808 |59 | 045 |'DMM | B7357% | 3%6% | 000% | 017% | T18% | 876% Bitimen | 672% | 143% |
' 20664 60 |65 | 05 | COAL|78870% | 458% | 000% ' 015% | 124% | 7a5% T Below | 57.0% | 150%
2988|598 | w0 o5 | cs [85630% | 354% | 000% | 010% | 11s% | W% | This | 781% | “40% -
2066 &0 605 | 05 |com | 75616% | 555% | 000% | 012% | 119% | 763% " | Depth | 628% | 77%
20867 0 | 6171 05 | cs [ 00844% | S532% | 000% | 011% | 00% | "1 5% 0% | 791% | 73%

20068] 61 | 614 | 04 | OMM [ 81.882% | 1.060% [ 000% | 016% | 155% 1 831% 1 0% 579% | 158%

83 -




}Table E.3 Balanct_a_pf_ Chemical Analyses b . e B
- i |CoreHole200 | " T |
| : a0 : IR S i S
Pample iFrom (| To ) [inkervai | Facies | Primary | 'v’fﬁ'«i D vace” | Rare E"@ﬁ'ﬂaﬂs | Tod | Bmen | Silcaas iAluminum as
e T o g™ ] SR _Elements | Eloments | Etements | Earhs | coiskiz Sobds. . | e} SIO2 | A208
___________ el e | P W . e R L T R U R % x %
20089| 614 | 618 | 04 | OMM | 78.924% | ~.805% ; 000% | O011% | .114% ! 799% | 0% 646% | 86%
2970| 618 | @22 | o4 | s | BBA0E% | 543% | .000% L 011% | 120% | 862% | 1 0% | 751% | 54%
097|622 | 626 | o4 | s |82560% | 361% | 000% | 011% 1a27% | 831% | ' 0% | 742% | 49% |
20072 625 [ 8306 045 | o | B5T45% | 478% | B00% | 012% | 127% 858% | T | 0% | 135% 1 712% |
20073 805 | 635 | 045 | MM | 88.446% [ 359% |" 000% | 012% | .125% | 8go%% b 0% | 186% 1 6.0%
2974|635 | 64 | 06 | cs | 89280% | 317% | 000% | 00d% | 15% ¢ 897% i - 0% | 834% | 16%
(20975 64 | 645 | 05 | Cs | 8T271% | A24% | 000% | 014% ; 156% | 879% | T 0% 768% | 67% )
o7 45 | 8 | 05 | 5 |62358% | 435% | 000% | 007% | 116% | 928% | i 0% | 859% , 38%
209771 65 | 8547 | 047 | FC | 88B47% | 304% | "000% | 007% | .i42% | 893% | | 0% ) B24% | 38%
20078 | 6647 | 66.95 | 0.48 95119% | 220% | 000% | 005% | 113% 1 955% | T | 0% | 603% | 8% -

006% | 228% | 910% | T 0% [eav% T 30% T T
004% 1 13%% | 909% [ T 0% | 864% | 20% I
004% V i41% [ esi% T 0% T 80.0% | 10% |
004% | 1AT% |TO18% [T TTTIT0% [T8s8% | &% |

R B S

90397% | 335% | 000%
190.460% | 281% | .000%

94696% | .266% | =
91.425% | 248% | 000%

2
&
g
p b 1hIBIIDS

1
|
S N N S S
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B B o Table E.4 Balance of Chemical Analysis| I -
PN TV I b4 . 1 CoeHoe215 - - = )

Sample | From | To lintenval Facies| Primay | Minor | Trace  Rare | Melals | Precous | Biumen |  Tom | siicaas _iAminum as
) - Eloments | Eloments | Elements — Eaths | | Mewls Solids . so2 | AR03 |
i
2151 | wes | 1514 | 029 | LTF [00606% | 089% | 000% | 032% | 10a% | 000% | 4% | 90.6% _ 1 192% | 76%
2152 | 1514 | 1678 | 062 | LTF | 85005% | .088% | .000% . 014% | 082% | 000% | esx | 852% 7% | 45%
2153 | 1578 | 1628 | 0s2 | UTF | 87.255% | .100% | .000% 020% | 224% ; 000% | sax | 87.6% , 773% | 63%
2184 | 1628 | 16795 | 047 | LTF | 85349% | 083% ' 000% | 018% | .180% | 000% | em% | 856% | 775% | 48%
215 | 1678 | 1730 | 085 | LTF | 87.353% | 000% | 000% . 020% | .118% | 000% | as% | 87.6% | 785% | 57%
2156 | 1730 | 1790 | 060 | UTF | 91.753% | .104% | 000% ' .023% ' .086% | 000% | 2ex | 920% ! 788% | 86%
2157 | 1790 | 1850 | 060 | UTF | 91856% | .107% | .000% _ .022% i 08% | 000% | ox | 921% L 790% | 85%
2158 | 1860 | 1910 | 060 | LTF | 86.356% | 071% | 000% , 016% | 079% | 000% | es% | 86.5% 197% | 40%
2159 | 1910 | 1941 | 031 | SM [ 75004% | .142% | 000% , 012% | 081% | .000% o L T8N% L .| 565% | 146%
21510 | 1041 | 1996 | 056 | SM | '90.002% | .148% | 000% | .029% | 073% 000% |  o% 90.3% 656% | 18.1%
2641 | 1996 | 2051 | 085 | SM | 88279% | 141% | 000% , 028% | .088% | .000% 0% 88.5% 659% | 16.0%
2512 | 2051 | 2106 | 054 | SM |89.122% | .140% | 000% | .028% | 084% | 000% | as% | 894% | - 657% | 16.7%
21813 | 2105 | 2159 | 054 | SM | 88.870% | .133% | 000% , 028% | .083% | .000% % | 89.1% 611% | 16.0%
21614 | 2159 | 2210 | 051 | SM |89455% | .166% | .000% | 026% | 084% | .000% | ox | 897% | 61.5% | 18.8%
21615 | 2210 | 2260 | 040 | FOM [ 89113% | 131% | 000% = 026% | .081% 000% 0% 89.4% 665% | 14.9%
21616 | 2260 | 2200 | 040 | POM | 91552% | .125% | 000% ' 025% | 083% | 000% | ox | 91.8% 651% | 137%
21617 | 220 | 2330 | 040 | POM | 88343% | .141% | 000% | 024% | 076% | .000% | .o% 88.6% 69.9% | 116%
21518 | 2380 | 2368 | 038 3 UTF | 88.059% | .103% | 000% = .020% |.081% | 000% | % | 683% ;. 720% | 10.7%
21519 | 2068 | 2005 | 037 | UTF | 87.305% | 100% | 000% _ .021% | 142% | 000% | 27 |  87.6% | 749% | 85%
21520 | 2405 | 2653 | 048 | LYF | 76.103% | .071% | 000% = 020% | 073% | .000% 34% | 783% | | N5% | 38%
21521 | 2459 [ 2600 | 047 | LTF | 82189% | 040% | 000% , 006% | 045% | 000% | 57 | 823% b 191% § 1.7%
21522 | 2500 | 2552 | 052 | TC | 83634%  036%  .000%  .006% | .043% | .000% 145% 8.7% ;. j 81.0% 1.4%
21523 | 2552 1 2604 | 082 | TC | 81565% | 037% | 000% . 009% | 062% | 000% | 144x | 81.7% | | 790% | 13%
21524 | 2604 | 2656 | 052 | TC | 82452% | .038% | 000% ' 008% | 073% | .000% | wuz | 826% | 798% | 13%
625 | 268 | 2708 | 052 | TC | 84684% | 040% | 000%  .005% | 044% | 000% | 1eex 848% | | s21% | 1%
21526 | 2708 | 2760 | 052 | TC | 82.469% | .046% | .000% 006% | 032% | 000% | 14s% | 826% | 97% | 15%
21527 | 2760 | 812 | 052 | TC | 82795% | 037% | 000% , .004% ; 037% | 000% | 1asx | 829% 804% | 13%
21528 | 2812 | 2865 | 058 | TC | 84.793% | 035% | 000% . 014% | .056% | 000% | 1arx | 84.9% 822% | 14%
21529 | 2065 | 2020 | 085 | UTF | 85781% | 067% | 000% & 013% | 086% | .000% | 1o4x | 85.9% 792% | 37%
21590 | 2020 | 2975 | 056 | LTF | B2497% | .049% | 000% ' 015% | .157% | .000% | sex | 827% 790% | 16%
21591 | 2076 | 3090 | 085 | LTF | 84308% | 074% | 000% & 015% | .072% | .000% | 1e0% 84.5% 781% | 39%
21652 | 2090 | 5085 | 065 | LIF [ 82776% | 048% | .000%  .013% | .103% | .000% 9.6% 82.9% 794% | 1.7%
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_Table E.4 Balance of Chemical Analysis o B
o N B - ) ~ Core Hole 215 o R ,
‘Sun—p—la F;c;n " To Inl;an.r;lw".’;&és Pﬂm_ar_y_ . Mmor . '.rra'nce' . Rare Metals Preclous | Bitumen Tolal _
Elements Elements Elemenls ' Eaths | i _h_m_;la_ls_ Sollds e
21533 | 3085 | 9140 | 056 | LTF | 83.752% | .066% | .000%  012% | .083% |, .000% | 13s%x | 839% |
21534 | 3140 | 3210 | 070 | SID | 83.462% | .050% | 000% ~ .009% ' .056% | .000% | 106% | 836% |
21595 | 3210 | 3263 | 053 | LTF | 85861% | .092% | .000% . 016% | .097% | 000% | s9s% | 86.1%
21596 | 3263 | 3316 | 053 | LTF | 85678% | 066% | .000%  013% | .090% | .000% | 8o0% | 858% |
21537 | 3316 | 3370 | 054 | LTF | 87.260% | 082% | .000% & 017% ! 086% | .000% | e1% | 874% |
2169 | @70 | U21 | 051 | UTF | 85073% | 062% | 000% | 016% | .107% | 000% | ei% | 853% |
21639 | 3421 | 3473 | 052 | UTF | 86.085% | .071% | .000% = 019% | .116% | .000% | 47% | 863%
21540 | 3473 | 3524 | 061 | UTF | 86.264% | .096% | .000%  016% | .079% | .000% | 41% | 865%
21541 | 3524 | 3576 | 052 | UTF | 89.216% | .086% | .000% = .018% | .085% | .000% | 39% | 89.4%
21542 | 3576 | 3627 | 051 | UTF | 89.634% | .093% | .000% ' 022% | .177% | 000% | 40x | 89.9%
21543 | 3627 | %679 | 052 | UTF | 84.403% | .088% | .000% . 015% ; .181% | .000% | 4ax | 847%
21544 | 3679 | 3730 | 051 | UTF | 89.912% | 095% | .000% = .024% ' .103% | .000% | 35% 90.1%
21545 | 3730 | 3780 | 050 | UTF | 89213% | .091% | .000% = 021% . .119% | .000% | 271% | 89.4%
21546 | 3780 | 3830 | 050 | UTF | 89.713% | .094% | .000% . 024% | .123% | .000% | 36% | 900%
21547 | 3830 | 3890 | 060 | UTF | 89.345% | .106% | .000% ' 024% | .094% | .000% | 37% | 896%
21548 | 38.90 | 39.39 | 049 | UTF | 86.761% | .102% | .000%  026% | .136% | .000% | 35% | 87.0%
21549 | 39.39 | 4000 | 061 | UTF | 88209% | .110% | .000% = .023% | .078% | .000% | 20x | 88.4%
21550 | 4000 | 4043 | 043 | ICH | 84764% | .053% | .000% . 004% | 067% , .000% | 122% | 84.9%
21561 | 4043 | 4086 | 043 | ICH | 85042% | .067% | .000% | 005% | .046% | .000% | 1% | 852%
21552 | 4086 | 4130 | 044 | UTF | 81.438% | .051% | .000%  .005% | .035% | .000% | wox | 815% |
21553 | 4130 | 4187 | 057 | UTF | 90.640% | .087% | .000% , .016% | .026% | .000% | 44% | 90.8%
21564 | 4167 | 4243 | 056 | UTF | 87.119% | 067% | .000% . 012% | .022% | .000% | 102% | 87.2%
21555 | 4243 | 4300 | 057 | UTF | 91.198% | .086% | .000% , 017% | .065% | .000% | arm | 914%
21566 | 4300 | 4350 | 050 | TC | 83.649% | .043% | .000% = 008% | .016% | .000% | 155% | 83.7%
21567 | 4350 | 4400 | 050 | TC | 83.020% | .035% 0'00%_ | 006% | .015% | .000% | 150% | 831% |
21568 | 44.00 | 4450 | 080 | TC | B3276% | .040% | .000% | 007% | 016% | 000% | 158% | 833%
21569 | 4450 | 4500 | 050 | TC | 85.474% | 040% | .000% | .007% | .014% | .000% | 158% | 855%
21560 | 4500 | 4552 | 062 | CB | 88.122% | .070% | .000% ' .010% | .022% | .000% | 104x | 88.2%
21561 | 4552 | 4600 | 048 | CB | 84646% | 058% | 000% & .009% | 017% | .000% | 83% | 847% |
21562 | 4600 | 4652 | 052 | POM | 87.665% | 117% | 000% ' .023% | .053% | .000% | o0x | 87.9%
21563 | 4852 | 4708 | 051 | POM | 91.142% | .129% | .000% ' 027% | .052% | .000% | % | 91.4%
21564 | 4703 | 4755 | 052 | POM | 90.877% | .134% | .000% = 026% | 048% | .000% | o% | 91.1%
21565 | 4755 | 4806 | 051 | POM | 91.010% | 171% | 000%  027% | .044% | .000% 0% 91.3%

Silicaas _|Aluminum as
 sio2_ | A203
791% | 25%
564% | 20%
112% | 46%
792% | 39%
77.4% | 54%
785% | 40%
749% | 66%
749% | 13%
77.3% _'_l.'{_%__
71% . 11%
683% | 50%
76.1% 8.8%
781% | 1.0%
7798% | 1%
71.8% | 116%
71.0% | 89%
700% | 12.2%
80.7% | 20%
18.7% | _40%
175% | 23%
776% | 84%
789% | 50% |
781% | 88%
806% | 16%
80.7% | 12% _
807% | 14%
828% | 14%
792% | 60%
792% | 3.4%
56.8% | 14.3%
64.2% | 16.4%
66.1% | 152%
66.7% | 146%
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L N | 1 | _  Table E.4 Balance of Chemical Analysis e = i
S S - ... GCoreHole 215 | S S R S
sample | From | To _|interval| Facies | Primay | Minor | Trace Rare | Motsls | Precious | Biumen | Tota | Sificaas _{Aluminum as|
b1 Elements ___El_gmenls Elemenls Earths | Metals | Solids i Si02 |  AR03
21566 | 48.06 | 4858 | 052 | PDM | 89.521% | .150% | .000% . 024% | 040% | 000% | o% | 897% | 649% | 128% |
21667 | 4858 | 4909 | 081 | POM | 86.887% | .123% | 000% , 021% | 038% | 000% | o% | 87.1% 586% | 11.4%
21668 | 4900 | 4961 | 052 | POM | 01.256% | .145% | .000% | 023% [ 038% | 000% | _o% | 915% 126%
21669 | 4961 | 5012 | 051 | POM | 04.187% | .156% | .000% ' 023% | 045% "00%_' L% | 944% 128%
21570 | 5012 | 5064 | 052 | POM | 91.842% | .132% | 000% | 021% | 043% | 000% | _ox | 920% ; 136% | 116%
21671 | 5064 | 5115 | 051 | POM | 91.195% | 115% | .000% '@ 020% | 033% | 000% | .o% | 914% 740% | 101%
21672 | 5115 | 5167 | 052 | POM [92.166% | .143% | .000% | 020% | 032% | 000% | o% | 924% 768% | 99%
21573 | 5167 | 5218 | 051 | POM | 80.751% | .148% | .000% . .021% | .038% | .000% | .o% | 910% - 755% | 91%
21674 | s218 | 5270 | 0s2 | POM | 90.223% | .124% | .000% , 021% | 031% | 000% | o% | 904% | 746% | 100%
21675 | 5270 | 524 | 054 | UTF | 80818% | 127% | .000% | 017% | 028% | .000% | Not | 90.0% L T10% | 74%
21676 | 5324 | 631 | 057 | UTF | B9287% | 120% | 000% | 017% | 028% | .000% | Biumen | 895% | 776% | 71%
21577 | 5381 | 5429 | 048 | UTF | 88585% | .108% | .000% | .016% | .026% | 000% | Sawrated | 887% | T12% | 10%
21678 | 5420 | 5481 | 052 | UTF | 88.002% | .107% | .000% | 017% , 026% | 000% | Below | 882% | _ | 76.4% | 67%
21579 | 5481 | 8633 | 052 | UTF |90.554% | .147% | .000% | 019% | 034% | 000% | Hes | 90.8% | 114% | 82%
21590 | 5533 | 5580 | 047 | UTF |90.700% | .121% | .000%  019% , 032% | 000% | 08% | 191% | 17%
21581 | 6580 | 5632 | 052 | OV | 88.803% | .137% | .000% | 024% | 041% | 000% | | 890% | 63.8% | 148%
2152 | 5632 | 568 | 053 | OV | 89650% | .144% | 000% | 022% | 047% | 000% | 899% 652% | 15.2%
21563 | 5666 | 5797 | 052 | OV | 80.961% | .184% | .000% | 022% | .048% | .000% | 902% | 619% | 19.4%
21584 | 6737 | 5750 | 053 | Ov | 83901% | 167% | 001% ; 021% | 036% | 000% | | 841% | 641% | 138%
21565 | 5790 | 5945 | 055 | CS | 86568% | 127% | .000% , 004% | 026% | 000% | | 867% 836% | 1.4%
21586 | 5845 | 5000 | 055 | CS 190080% | 075% | .001% | 006% | 051% | .000% | 90.2% 856% | 29%
21697 | 5900 | 5050 | 050 | COAL | 23.068% | .312% | 000% _013% | 010% | 000% | _234% 143% | 32%
21688 | 5950 | 6000 | 050 [C(OWW 91.122% | .062% | .000% Q_A._QO3°{° 028% | .000% | 912% 89.5% 3%
21669 | 60,00 | 6050 | 050 [C(O+W 89.946% | .037% | .000% | .003% | 014% | .000% | | 90.0% 871% | 13%
21590 | 60.50 | 61.00 | 050 [C(O*W 85.843% | .014% | .000% , .002% | 010% | 000% | | 859% | 846% | 5%
21591 | 6100 | 6150 | 050 | CS | 82451% | .134% | 000% = 013% | 038% ; 000% .| 826% 753% | A45%
21692 | 6150 | 6200 | 050 | CS | 93.164% | 091% | 000% , 012% ; 017% | 000% | 983% | 87.2% | 4.1%
21503 | 6200 | 6247 | 047 |FCWS | 95598% | 091% | 000% ~ 011% ;| 019% | .000% 95.1% 871% | 68%
21594 | 6247 | 6295 | 048 |FCWS| 95086% | .096% | .000% _ 009% : 041% | .000% | 952% | 902% | 3.4%
2159 | 629 | 8342 | 047 |FCWS|92618% | .130% | .000%  011% | .059% | .000% 928% . 87.9% | 37%
21506 | 6342 | 6390 | 048 |FCWS| 92621% | .117% | .000%  007% | .024% | .000% 92.8% | 881% | 34%
21697 | 639 | 843 | 040 sitstone 95.451% | .050% | .000%  004% . 012% | 000% | | 955% | 937% | 3%
} Average 87.2%
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|Table E.5

|

Detection limits for each method and each element

Neutron ICP Fire Neutron ICP Fire
Activation Assay Activation Assay
ppm ppm ppm ppm ppm ppm

Ag 2 0.4 Mo 2

Al 0.001% Na 0.001%
As 1 Nb 2
Au 0.001 0.001 Nd 1

B 10 Ni 50
Ba 20 P
Be 2 Pb 5

Bi 5 Pd 0.002 0.003
Br 0.2 0.5 Pt 0.005 0.005
Ca 0.20% Rb 10
Cd 0.5 S
Ce 1 Sbh 0.1

Cl 100 30 Sc 0.01
Co 0.1 Se 0.01 0.05

Cr 0.5 Si
Cs 0.2 Sm 0.01
Cu 50 Sn 5
Eu 0.05 Sr 0.01%

Fe 0.01% Ta 0.3
Ga 2 Tb 0.1
Gd 1 Th 0.1

Hf 0.2 Ti 0.01%
Hg 1 ) 0.1

Ir 0.001 2 \") 0.5

K w 1

La 0.1 Y 1 .

Lu 0.01 Yb 0.05
Mg 0.05% Zn 10
Mn 0.1 Zr 5
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Table E.6 Concentration of Elements - Detected vs Average in the Earth's Crust

Element Detected Average Element Detected Average
Earth's Earth's
Min Mazx Mean Crust Min Max Mean Crust
o - - - 46.4% Sm 0.4 75 32 6
St 264% 43.8% 36.6% 27.8% Ge - - - 54
Al 0.15% 9.94% 2.36% 832% Gd 1 7 39 54
Fe 0.06% 4.6% 0.92% 5.63% Hf 1 20 8 45
Ca 0.006 0.46% 0.09% 4.15% A - - - 35
Na BDL 037% 0.12% 2.36% Dy 0.59 425 1.82 3.0
Mg 0.001 0.50% 0.18% 233% Yb 028 39 18 3.0
K BDL 1.97% 0.67% 2.09% Er - - - 2.8
Ti 0.05% 0.93% 033% 0.57% Be BDL 4 0.7 28
H - - - 0.14% U 032 63 1.8 2.7
P BDL 0.08% 0.02% 0.10% Br Q.2 12 0.5 25
Mn BDL 0.09% 0.02% 0.10% Ta 0.03 22 08 20
Ba 14 416 186 425 As BDL 10 23 1.8
Sr 8.7 147 42 378 Mo 2 179 23 15
-] 42 4922 950 260 w s 913 70 15
c - - - 200 Ho - - - 12
Zr 1.9 79 22 165 Ea 07 1.7 J 12
A\ 4 9 197 59 138 Cs 0 68 18 1
a BDL 877 138 130 n - - - 0.6
Rb BDL 117 39 90 T .08 13 0.5
Ni 2.1 52 21 78 La 04 ¥ 1 27 s
Ce 6 99 Q 60 I - - - 0.s
Cu 2.7 75 14 £S5 Sb 0.06 0.8 03 02
Sa - - - 40 Tm - - - 020
Y BDL 40 17 33 Cd 0.09 5 0.9 020
La 28 45 20 30 Bt - - - 0.17
Nd 2 4a3 20 28 In - - - 0.10
Co 2.7 456 127 25 Pd 001 010 002 01
Sc 0.6 20 56 22 Hg - - - 0.08
Li 20 Ag a3 08 0.5 .07
N - - - 20 Se BDL 29 0.67 0.05
Nb 3 28 13 20 Pt 004 009 005 005
Ga 2 27 10 15 Aun 001 12 003 004
Pb 0.9 75 15 125 He - - 008
Th 1 15 63 10 Te - - - 002
B BDL 178 37 10 Rh - - - 005
Pr - - - 82 Ir - - - 001
Zn 2 79 22 7 Os - - - 001
Ru - - - 001

The concentration of major elements is reported in percent by weight.
The concentration of other elements is reported in parts per million.

The avarage concentrationof elements in the earth's crust was derived from 65th Edition
of The Handbook of Chemistry and Physics, published by the CRC Press.



Table E.7 Gamma Data for Each Sample Interval

Gamma Gamma Gamma Gamma Gamma
Sample # (API) Sample # (API) Sample # (API) Sample # (AP Sample # (API)
209-1 25.25 209-37 23.91 209-73 70.97 215-27 304 21563 113.54
209-2 25.19 209-38 28.44 209-74 39.56 21528 36.6 21564 119.77
2093 19.56 209-39 22.65 209-75 51.61 21529 50.03 21565 108.67]
2094 26.42 209-40 30.25 209-76 43.35 21530 59.18 215-66 100.39
209-5 23.39 20941 1482 209-77 23.91 215-31 53.48 21567 103.67]
2096 20.68 209-42 16.93 209-78 30.38 21532 55.48 21568 105.62
209-7 25.3 209-43 24.97 209-79 20.08 215-33 5264 21569 105.61
209-8 30.08 209-44 78.62 209-80 18.51 21534 49.77 21570 | . 92.7
209-9 1855 209-45 63.39 209-81 17.07 21535 5483 215-71 ~ 83.96]
209-10 28 209-46 2169 209-82 15.64 215-36 62.34 21572 92
209-11 23.49 209-47 148 2151 73.02 21537 4985 215713 ©7.29
209-12 19.86 20048 19.35 2152 71.45 215-38 60.25 215-74 87.6
209-13 27.26 209-49 10.42 2153 78.77 21539 66.67 215-75 7462
209-14 32.02 209-50 21.29 2154 66.92 215-40 68.92 21576 81.99
209-15 35.69 209-51 24.26 2155 77.55 21541 74.36 215-77 7323
209-16 47.71 20952 33.75 215-6 o1.04 21542 72.4 21578 68.39
209-17 34.87 20953 372 2157 69.87 21543 64.76 215-79 717
209-18 3422 200-54 28.31 2158 74.37 21544 68.54 215-80 76.75]
209-19 33.2 209-55 29.38 2159 108.52 21545 72.33 215-81 95.57
209-20 334 209-56 29.48 21510 104.26 21546 79.63 21582 11188
209-21 20.59 200-57 22.27 215-11 106.27 21547 95.19 21583
20022 24,36 209-58 25.55 21512 93.74 215-48 ] 21584 B84.97
209-23 21.05 20959 442 21513 103.72 21549 70.88 215-85 21486
209-24 2484 209-60 89.36 215-14 10176 21550 31.98 215-86 30.52
209-25 18.62 209-61 104.75 21515 99.14 21551 3423 21587 431
209-26 1874 209-62 100.74 21516 78.25 21552 45.04 215-88 29.22
209-27 1484 209-63 102.69 21517 88.99 21553 68.81 215-89 2911
209-28 29 209-64 93.96 215-18 74.49 21554 57.48 215-80 3544
209-29 23.47 209-65 65.14 215189 68.81 21555 51.45 21591 771
209-30 3474 209-66 68.84 215-20 50.45 21556 38.1 21592 57.26
20931 39.21 209-67 69.47 215-21 455 21557 30.65 215-93 2415
209-32 30.96 209-68 a0 21522 2481 21568 30.12 215-94 27.8]
209-33 23.63 209-69 85.47 215-23 31.38 21559 4362 21595 4107
200-34 23.15 209-70 57.49 21524 40.92 215-60 47.59 215-96 75.51
209-35 19.82 209-71 63.72 215-25 52.99 215-61 43,93 21597 60.65]
209-36 29.43 209-72 77.44 215-26 37.21 21562 80.8
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Appendix F
Miscellaneous Characterization

Part 1 - Chemical Characterization

In this section elemental concentrations were examined in different types and components
of oil sands.

Three groups of oil sands samples are examined:
- whole oil sand from an oil sand prospect:

- low, medium and high grade oil sand
(8%, 10% and 12% by weight bitumen),
- fine tailings from pilot as well as commercial operations,
- effect of leaching fine tailings by strong acid:
- character of leached material,
- character of leach liquor (leachate)

Results of the chemical analyses are summarized in Table F.1.
Character of Whole Oil Sand

The concentration of elements in low, medium and high grade oil sand are plotted in
Figure F.1

The semi log nature of the plot covers eight orders of magnitude so masks the results
somewhat. However trends are evident:

- high grade ore has a lower concentration of almost all elements except silicon.

- low grade ore has two to three times the concentration of most elements except
silicon.

- medium grade ore has concentrations that lie between the two extremes.

The differences noted above are attributed to the presence of clay and its associated
complex of elements in the lower grade oil sand.

Character of Fine Tails

Elemental concentrations in fine tails are shown by Figure F.2. It also shows the elements
present in low grade feed.
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The fine tails from Oil Sands Project I were derived from a caustic based extraction
process so are expected to have a higher concentration of organic material. (toluene
insoluble). The fine tails from Oil Sand Prospect I were derived from a non caustic
extraction process that is expected to leave less organic material in the waste. Figure
F.4.18 suggests that both samples of fine tails had unusually high concentrations of coarse
material present (quartz sand).

Figure F.2 shows that fine tails contain less silica and a greater concentration of all
elements. The trend is attributed to the higher concentration of clay present in fine tails.
Concentrations of elements besides silica can be expected to be even higher in normal fine
tails that contain a higher percentage of clay sized materials.

No significant difference was observed in the two tailings samples. A greater number of
samples would have to be analyzed to detect any difference.

Analysis of the fines concentrated in the extraction process employed on Oil Sands
Prospect 1 show a significantly higher gold content than was encountered elsewhere in this
study. (See Table F.1). This observation is consistent with gold concentrations observed
by others in fine streams from this pilot.

Effect of Leaching

Samples were obtained from a pilot plant that was used to explore the effect of using
strong acid to leach material from fine tails. Usually such leaching removes metal
components. :

Concentrations of the various elements are shown by Figure F.3. There is a discrepancy
between the units plotted. The concentration of elements in the solid materials is expressed
in parts per million of the weight of solids. The concentration of elements in the leachate is
expressed in ml per litre of leachate. However, despite the discrepancy, the trend is
evident. The leaching process employed at the pilot plant selectively extracts chlorine, iron
and aluminum.

Part 2 - Physical Characteristics of the main facies

Physical characteristics of the main facies were determined to aid the interpretation of
elemental concentrations. Characterization included:

- grain size analysis determined by hydrometer (ASTM method D-422),
- Methylene Blue indication of surface activity.
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Prior to testing, Dean Stark analysis was performed to remove all bitumen. This treatment
is needed to allow particles to disperse freely in the solution so the hydrometer test can be
employed. It is possible that the Dean Stark analysis also removes some of the fine grained
components. However, a check of constituents before and after analysis indicates that the
error in fine grained components should be small - a percent or two at the most.

Grain size analysis

Hydrometer analysis followed procedures outlined in ASTM standard D- 422. Deviations
from the standard included:

- samples were pre soaked for a number of days to ensure that fine grained
components entered the water phase,

- several samples were re tested to check on the consistency of results. No
discrepancies were observed.

Table F.2 lists the samples tested and the results.

Grain size curves for the main facies and for fine tails are shown in figures F.4.1 through
F.4.18.

The grain size plots show the total amount of clay sized material (size less than two
microns). The total amount of clay sized material represents important information
because fine grained components can dominate the physical behaviour of the material.
Some traditional grain size analyses that are widely used in the oil sands industry only look
at the distribution of grain sizes above one micron and miss identifying the amount of fine
grained material.

The indicated grain size for the major bitumen bearing facies shows little clay sized
material. More was expected but the data are believed to be representative because of the
care exercised during sample preparation.

Up to half of the particles in the fine grained facies are clay sized material. Fine tails often
have similar amounts of clay sized material although the samples tested in this program did
not. For that reason it is concluded that the fine tails tested were not representative. They
contain unrepresentative amounts of coarse material and hence silica.
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Surface area measurement.

Methylene Blue tests were performed to give an indication of the surface activity of the
material. Tests followed standard ASTM procedures.

Methylene Blue preferentially coats the surface of solid particles with a layer one molecule
thick before it enters the surrounding solution. The surface area is indicated by the amount
of a standard solution of Methylene Blue absorbed on the solids before surplus material is
available to react in the surrounding fluid. The test is an approximate one.

The minimum MTB value recorded is 10 ml/100g. Values below 10 m/100g are recorded
as 10.



Table F.1 - Miscellaneous Testing - Element Concentrations

{Table F.1|
Miscellaneous Testing
Oll Sand, Fine Talls and Leached Fine Talls
Element | Prospect! | Prospect! | Prospect! | Prospectl | Prospectil | Projecti | Fine Talls | Fine Talis Liquor Element
Low Grade | Med Grade | High Grade | Conc Ext | Fine Talls | Fine Talls | ExtPilot | Ext Pliot from
Feed Feed Feed Fines Partleach | Leached | ExtPliot
ppm ppm ppm ppm ppm ppm ppm ppm ppm

Ag 0.9 36.8 500 0.08 Ag|
Al 25100 12400 8300 38500 92300 94200 43100 18700 13656 Al
As 4 2 3 5 4 6 8 8 0.13 As
Au 0.008 0.001 0.002 1.2 0.003 0.003 Au
B 37 17 15 44 120 93 74 113 33 B8
Ba 302 177 127 296 414 501 456 0.22 Ba
Be 2 3 0.41 Be
Bl 0.31 Bi
Br 357 2.3 460 0.057 Br
Ca 12400 3000 1300 5400 3820 1700 564 34 Ca
Cd 0.5 0.8 0.9 0.01 Cd
Ce 40 23 16 47 86 101 60 91 5.5 Ce
Cl M 30 86 _ 65 53 100 600 Cl
Co 7.7 2.8 2.5 7.8 13 20 1 36 211 Co
Cr 28 16 1 96 78 89 47 28 1 Cr
Cs 1.3 0.6 0.3 1.7 5.5 5.1 2.3 1.2 Cs
Cu 7 5 4 17 17 as 31 34 0.45 Cu
Eu 0.69 0.33 0.23 0.77 1.33 1.71 0.69 0.94 0.1 Eu
Fe 10700 7400 4700 17100 25900 26200 7300 13700 4232 Fe
Ga 3 8 30 21 7 5 2.56 CGa
Gd Gd
Hf 8.6 4.4 31 9.4 4.6 13 14 16 0.14 Hf
Hg Ho|
Ir 0.001 Ir
K 9500 5000 3200 9500 15490 16700 12200 7340 256 K
La 19.7 114 7.8 22.8 39.9 48.5 33.7 50.3 2.2 La
Lu 0.28 0.14 0.09 0.28 0.33 0.63 0.47 0.54 0.02 Lu
Mg 2300 500 1000 2100 6790 4000 2400 610 5.4 Mg|
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Table F.1 - Miscellaneous Testing - Element Concentrations

| Table F.1]
Miscellaneous Testing (cont.)
Element | Ol Sands | OllSands | OilSands | OliSands | OllSands | OllSands | Ol Sands | Oll Sands Leach Element
Prospect| | Prospect! | Prospect! | Prospect| | Prospectil | Project|! | Fine Talls | Fine Talls Liquor
Low Grade | Med Grade | High Grade | Conc Ext | Fine Talls | Fine Talls | Ext Pilot Ext Pllot from
Feed Feed Feed Fines Part leach | Leached Ext Pllot
PP Ppm ppm ppm ppm ppm ppm ppm ppm

Mn 100 100 300 700 500 101.8 Mn
Mo 10 2 3 6 5 0.01 Mo
Na 2200 1700 600 1300 1130 1200 1100 760 234 Na
Nb 7 3 4 10 26 24 28 35 0.75 Nb
Nd 18 10 7 20 34 46 21 27 4.3 Nd
Ni 18 18 20 63 41 36 32 19 5.8 Ni
P 200 200 100 500 470 800 200 221 2.2 P
Pb 10 7 25 14 14 32 20 0.1 Pb
Pd 0.002 0.002 0.002 0.212 0.002 0.002 Pd
Pt 0.013 Pt
Rb 35 19 42 95 86 48 36 9.1 Rb
S 26910 S
Sb 0.3 0.2 0.1 2.8 0.4 0.6 1.6 0.8 0.01 Sb
Sc 3.5 1.8 0.9 4.5 11 11 5 4.6 1.5 Sc
Se 1.1 1 19 0.6 0.5 3.2 Se
Sl 370900] 375900( 354300 3649800] 222600 274500( 337600| 341800 500 Si
Sm 31 1.7 1.2 3.6 5.7 8 3.4 3.8 0.42 Sm
Sn 52 10 0.15 Sn
Sr 85 M4 24 81 116 94 66 88 7.2 Sr
Ta 0.5 0.6 1 1.6 1.5 1.7 Ta
Tb 0.5 0.2 0.2 0.5 0.9 1.3 0.6 0.8 0.05 Tb
Th 5.3 4.1 2 5.9 10 13 6.5 0.2 Th
Ti 2500 1300 100 3200 4580 700 7300 7540 33 Ti
U 1.5 0.7 0.5 1.6 2.7 3.6 2.3 2.9 0.18 U
Vv 32 34 42 41 106 95 69 31 9.7 Vv
W 20 2 24 7 3 W
Y 18 7 7 15 7 43 32 39 2.15 Y
Yb 1.78 0.84 0.57 1.78 2.28 4.1 3.07 3.84 0.12 Yb
Zn 22 13 7 35 67 15 10 11.15 Zn
Zr 25 19 12 41 186 69 19 280 1.3 Zr
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Figure F.1 Concentration of Elements vs Ore Grade
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Figure F.2 Concentration of Elements in Fine Tails
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Figure F.3 Effect of Acid Leaching on Concentration of Elements
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Table F.2 - Summary of Grain Size Analyses

Bore Hole Sample # Face % Sand % Silt %Clay MTB
) (m¥100g)
209 67 Crevasse Splay 25 7185 25.65 325.00
209 74,75,76  Crevasse Splay 49.34 43.41 725 43.48
209 60 Delta Marsh Mud 5.46 54.99 39.55 960.00
209 69 Delta Marsh Mud 272 61.55 1125 202.25
209 72 Delta Marsh Mud 9.98 70.62 194 230.77
209 54 Fluvial Channel 88.94 8.01 3.05 <10
209 48 Fluvial Channel 89.02 8.73 225 <10
209 77 Fluvial Channel 43.74 44 91 11.35 248.87
209 78,79 Fluvial Channel 58.28 38.12 3.6 55.00
209 41 Fluvial Estuarine  90.84 591 3.25 <10
209 2 Interchannel 80.26 6.49 325 <10
209 33 Interchannel 84.22 14.13 1.65 <10
209 36 Interchannel 92.28 6.12 1.6 <10
209 16 interchannel 89.18 8.02 28 <10
209 4 TdalChannel - 30.42 67.68 19 <10
209 13 Tidal Channel 92.02 433 3.65 <10
209 45 Overbank Muds 15.85 61.15 23 Insuff Sample
209 28 Tidal Channel 88.28 8.47 325 <10
215 60,61 Channel Breccia  68.24 29.76 2. <10
215 85,86 Fluvial Channel/l 66.66 30.19 3.15 15.00
Crevasse Splay
215 88,89,90 FluvialChannel  82.98 15.17 1.85 <10
Qil and Water
215 93,94, Fluvial Channel!  82.48 15.67 1.85 <10
95,96 Water Sands
215 23 interchannel 90.64 8.01 135 <10
215 57 Interchannel 93 3.7 33 <10
215 2 Lower Tidal Flat 93.46 429 225 <10
215 5 Lower Tidal Flat 25.38 72.72 19 <10
215 21 LowerTidaiFlat 91.82 488 33 <10
215 33 Lower Tidal Flat 74.21 24.14 1.65 <10
215 34 lowerTidalFlat 78.93 1757 35 <10
215 82 Overbank Muds 17 4285 55.45 1277.78
215 63 Pro Delta Mud 0.98 60.67 38.35 961.54
215 74 Pro Delta Mud 25.38 63.37 1125 269.66
215 17 Pro Delta Mud 20.6 59.85 1955 392.16
215 10 Saflt Marsh 1.42 5223 46.35 1318.18
215 18 Upper Tidal Flat  35.36 58.24 64 83.33
215 39 Upper Tidal Flat  67.42 28.88 37 70.37
215 53,55 Upper Tidal Fiat 54 424 3.6 55.00
215 76 Upper Tidal Flat 545 41.45 405 130.08
A 4 Oilsand Process ~ 62.7 3295 435 <10
A 5 Oilsand Process 24 72.05 3.95 180.00
A 6 Oilsand Process | 17.44 80.71 1.85 90.00
A 7 Oisand Process  18.74 7796 33 Insuff Sample
Oslo Si.ngge . Oflsand Process 157 70.65 13.65 Insuff Sample

NOTE: <10 denotes less than 1 ml was needed for 10g




Figure F.4.1 Grain Size Analysis of Key Facies - Delta Marsh Mud
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Figure F.4.2 Grain Size Analysis of Key Facies - Fluvial Channel - 209
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Figure F.4.3 Grain Size Analysis of Key Facies - Interchannel
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Figure F.4.4 Grain Size Analysis of Key Facies - Fluvial Estuarine
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Figure F.4.5 Grain Size Analysis of Key Facies - Fluvial Channel - Oil and Water
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Figure F.4.7 Grain Size Analysis of Key Facies - Tidal Channel
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Figure F.4.8 Grain Size Analysis of Key Facies - Overbank Mud
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Figure F.4.9 Grain Size Analysis of Key Facies - Crevasse Splay
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Figure F.4.10 Grain Size Analysis of Key Facies - Channel Breccia
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Figure F.4.11 Grain Size Analysis of Key Facies - Crevasse Splay/Fluvial Channel
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Figure F.4.12 Grain Size Analysis of Key Facies - Salt Marsh
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Figure F.4.13 Grain Size Analysis of Key Facies - Upper Tidal Flat
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Figure F.4.14 Grain Size Analysis of Key Facies - Pro Delta Mud
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Figure F.4.15 Grain Size Analysis of Key Facies - Fluvial Channel/Water Sand
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Interchannel - 215

Figure F.4.16 Grain Size Analysis of Key Facies
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Figure F.4.17 Grain Size Analysis of Key Facies - Overbank Mud - 209
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Figure F.4.18 Grain Size Analysis of Key Facies - Fine Tails Characterization
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Figure F.5 Clay Content Indicated by Various Methods
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F"igure F.6 Miscelleneous Cross Plots

Gamma and MTB Index vs Aluminum and % Clay
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Appendix G
Descriptive Statistics
In this section statistical analyses of the elemental concentrations are presented.

Analyses are presented in the following manner:

Information Page

G.1 - Statistical analysis of the Distribution of elements considering all data. G.2
(histogram plots and summary of statistical descriptors),
G.2 - Mean elemental concentration by facies ( tabular summary), G.10
G.3 - Statistics of the concentration of selected elements in key facies. - G.16
(summary and histogram plots)

G.4 - Plots showing mean and range of elemental concentrations for each facies. G.25
G.S - Plots of mean concentration of elements by facies. G4l

The concentration of elements concentrations span 8 orders of magnitude. The breadth of
the span creates problems with statistical analysis.

The presentations above illustrate different ways of displaying statistical analyses. Each
approach has its advantages. The most useful presentations appear to be:

G.2 - to concisely show the range in data.
G.3 - summary and histogram plot for each element by facies.
G.4 - showing the range of concentrations for all elements in each facies.
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Figure G.1.1 Distribution of Primary Elements - all data

PERCENT

SILICON

Srwtisvion! Sumary

Spies ranwved by 711t
Sanplos loft after Filtaring
Seuplee greater than sere
finiam emple vaius
iam veiue

Toan g
Srowerd Deviation ...
Svarders rrer of foon
Pudion .......
Sossatrie Mean -
Sesnstric Btercrd Oeviatimn
B erens

| Kurvenis

n of cmnples .
Sn of waspios > 00

Originei maber of emsples ...

e

- ATe
- m
. 2.3

L9

. 0.8
.. .00
. RIS w0

TITANIUM

etioriont Sy

Origirel mubw o ewpies .
Smmpion renmved by Fitte ... . 3

Sempies laft aPrer Plitering i
fanpiss grester than mre m

Rinims sewpie vahm .
Pomimm vaive

G of cosples .... . .
un of eompies > 0.0 ...

] 2 ¢ ¢ 8 % § 2 3 4 : 8 5
e e @ @ o a e e © o 3 8 8
CONCENTRATION (X) CONCENTRATION (X)
Sravievioni Bamary Sruviovien! Sumuwy
=0 soozun Original rumber of semples 0.8 PHOSPHOROUS Originml mmbar of ssmpies ..
Saspies remsves by Pilver . Samples roavved by Filter
Senpies lefY ofter Piltering in - Bevpten loft afver Tiltering ... iT8
Sunples grester vhen sere . Ey. 3 Gonpies grester than tero . irs
Rinima seapie volue .. ©.000 .9 Miniem sseple valus 0008
Momiem valuw . 8. .0l Taxiaa velus 0.om
! T [X ]
- Stensers Deviarion sas
4 ooy Crror of Neen eom
("] Podion .. . . 2 09
8 Sosmavrie Moar ¢ o
W jSeenverie Svarviery Ouvietion s o
a _|{mereee . - i IS )
Kmvesio . ... . 3
e G o smples . o
Bm of esapies > 0.0 .. S of smpice > 0.0 ‘0
5.0
0% ° . ° ) 0 ) ) o e °
2 g
NEEEEREERRER
CONCENTRATION (X) CONCENTRATION (X)
Sretieticn! Sumary Srevioviant Summery
MAGNESTIUM Orrginml rumbor of asmpies m MANGANESE Originel muber of smpios m
Senpies ressved by Fiiter : Senpios ~oneved Wy fiiter s
Bemplen 1aft ofter Filtering ... Bespios tefr after Piitaring ]
oupien grester vhen e Sevpies grester then e in
Rinimm smpie value fininm seple veius 0.0m
T—ies velue Pancimm value oo
foen . .. Pk Pown [Nt g
Srendard Devietion ... Svardard Sevietion 9 g
Stendord Ereer of Feen . Srardard Crewr of foan q ooe
ftion S— Pedion aom
Semmetria Mean Z Sosuatrie Mown LRl
Beonotrie Srandurd Goviation Sevnerie Stendurd Devievien 11
Srounses L) L3t
Kurreere Kurvesin e
e of esuples . S of owmpien 18
S of coapies > 0.0 B of sespies > 0.0 7 008
e a -
§ 8 8
CONCENTRATION (%)
Srevietionl Gvmmery
IRON Original maber of asmples 1 POTASSTIUN Origum! mmber of conplos m
Seplos romsvad by Fiiter Sanplon renpved by Filter 1
Smmpies 1aft after FPiltering Seapiee 1aft after Piivering e
Sasples grester Then sere . Senples grester Than zere 1T
(Nivioun comple value Miniaun senpie veluw 2 om
T iove velua Fomiman veive 19
fowr . Poan 31
Standerd Oovievion Coerstory Ooveatian LR ]
{Stovierd Ureer of Mosn Sterderd Grrer of Moan LR
Fodian A fearan 2w
Gemmgtric Mean . LT LR 24
Smemptvie Srarord Oevigtion Gsemetris Svwnewrd Daviatien zm
L oY L g 20
Karten i Kurves e 2.
S of comples G of cumpios us @
Ba of segles > 0.0 Cun of ampies >0 8 us -
a - - - L] - - - a - ] -] o ] a - »- - - - L]
8 8 & 8 # 8 3 8 8 8 8 8 4 8 &8 8 8 4 85 3 38
CONCENTRATION (X) CONCENTRATION (%)
Previovien! Suanery Srotiotion! Sumneey
= 0 ALUMINUA Original ramber of smpiss .. .. 1ITY cALCTIUn Original maser of smpies . iTY
Sempise reasved by Filter Sonpien rensved by £ilter .
-0 Sespies lefy efter Filtering Sesples IaPY aPrer Piltering AT
Smples prooter than sere Coplen gremer Son evo bo. 4
o0 Rinieus seapte vatue Riniows sumple veiue o 008
Mamromss voiue Nomiomm volwe LR
=0 My S foan LR
Stendurd Osviation Standerd OovieTion 9.0%
Otonterd Lrrer of Remn Svendwrs Urver of Foan o oo
radian Vi fadian om
| Sommatrie Moan . . Somowte fown LE 13
{Geemntrie Stwetwrd Oevievien Sesnetris Stencerd Oeviev & wr
| aree . Shanses . T
| Kurves e furtenie . . LR
Sm o auspies Sn of comples ... ... .U
An o empies > 0.0 . Am o esaples >0 0 » N
o - - - - - - - - g L o o - L] o - L] o L] o
8 8 8 8 8 38 38 8 3 g § 3 8 8 8 ¥ ¥ ¥ 0 8 #
CONCENTRATION (X) CONCENTRATION (X)

[P



-G 3

-

Figure G.1.2 Distribution of Minor Elements - all data
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Figure G.1.2 Distribution of Minor Elements - all data.
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Figure G.1.3 Distribution of Metallic Elements - all data
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Figure G.1.4 Distribution of Rare Earth Elements - all data

Sretieties! fuanary Orotiavian! Baaary
.04 URANIUM Originel meter of emples ... 173 .8 YTTERSIUN Originn) mage of empies pt.]
Somplas remyved Wy Fiiter ° Sampien remeved by Filter 3
- of Gmpiee loft ofver Fiitering ... 179 .59 Sump el ofver Plivering ... \TS
Sempive growter Than tere Sempies gresrer than rure m
- o Ririmm smmpis valve Maimm euple wohw o 130
Homimn veive Pastoanem vaiue ER,
= of [ Pen . 100
= Srarunrd Owvietion Srerawrd Oevietien 1u1
4 Sranenrd Crrer of foan Nwerd trver of faan oom
) m.0f fodian tum
Sosagrrie Fomn ——— IS
Ll m.of Gosautrie Burdderd Doviation . . 2.4m
Cawwes .. a3
.9 Krves e 1M
Sua o semples . e 3 o
0.9 s of susptes > 0.0 .. .. B of sempien > 00 .. 3 010
3.8
.o T - a - ’
g 8 &8 4 &8 8 3 § ] 8 s 8 5 8 &
CONCENTRATION (ppm) CONCENTRATION (ppm)
Pretiotien! bosary
200y THORIUN Originsl mater of wsmplos s,
Sanpies remeved by 1iter °
Smpies taft frer Pilvering . ATY
Somples grester Than v i
Ninleun semple vl iLam
Momieun valus 1% 00
Ren 5
Srwuterd Ouviation 37
Stenserd Urver of faen o.M
Fagion s us
Sosmperia Fasn . som
Soometric Srwwerd Ouvietien 1 W4
mrere Feeaveid ... 0w
Tartonio ... o L0
o of ewples .. . un @
m of esmples > 00 uu e

« 2 e e e
s = e w s 2 3
CONCENTRATION (ppm)




G 8

Figure G.1 5 Distribution of Trace Elements - all data
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Figure G.1.6 Distribution of Precious Metals - all data
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Figure G.2 Mean Elemental Concentration by Facies

Facies Tidal Channel Inter Channel Lower Tidal Flat Upper Tidal Flat Salt Marsh Pro Delta Mud Fluvial Estuarine Delta Marsh Mud
Element | Number Mean Number Mean Number Mean Number Mean Number Mean Number Mean Number Mean Number Mean

of +/- Confidence}  of +/- Confidence}  of +/- Conﬁdencq of +/- Confidencel  of +/- ConlidenceJ of +/- Confidenc: of +/- Confidencel  of +/- Confidence

Samples Limils Samples Limits Samples Limils Samples Limits Samples Limils Samples Limils Samples Limils Samples Limits

Primary
Elements TotalN=27 Total N = 26 Total N = 16 Total N = 27 TolalN=6 Total N= 16 Total N =3 Total N =8
Al (%) 27 077 +1- 006 26 116+/.0.13 16 219 +.046 27 399 +/-0.44 6 883+ 064 16 665 +/- 0.56 3 054 +.017 8 616 +/- 147
Ca (%) 27 003 +/. 001 26 007 +/- 016 16 006 +- 02 27 025 +/-030 6 013+/-007 16 0.26 +/-0.07 3 002 +/- 006 8 014 +/.003
Fe (%) 27 02141007 26 0.44 +/-0.13 16 076+1-016 27 1.33+/-0.16 6 218+/-109 16 358 +/.0.99 3 015 +/-002 8 128 +-032
K (%) 27 040 +-003 26 0.44 +/- 05 16 066 +/-010 27 097 +/-0.08 6 170+ 022 16 1.51+/-015 3 028 +/-0.27 8 099+/-026
Mg (%) 27 003 +/- 0009 26 0057 +I- 017 16 013+/.003 27 0.24 +.003 8 052+-013 16 049 +/-0.10 3 001 +/-0004 8 038+ 010
Mn (%) 27 0 006+/- 002 26 0.009 +/- 002 16 0013 +/. 004 27 004 +/- 009 6 0027 +/-002 16 0,076 +/- 016 3 00028 +/- 0004 8 00075 +/. 0038
Na (%) 27 0034 +/- 005 26 0.031 +/- 013 16 0122+-003 27 018 +/-002 6 033 +/-002 18 0.26 +/- 0.02 3 0010 +/- .007 8 022 +-005
P (%) 27 0012 +/. 003 26 0014 +/- 001 16 0022 +/- 002 27 0028 +/- 0004 6 0038 +/- 011 16 0050 +/- 0.008 3 0010 +/- 002 8 0.022 +/- 0 006
Si (%) 27 388 +/- 066 26 39.46 +/- 0.49 16 365+-05 27 3561 +/- 052 6 29 31 +/- 140 16 3207 +/-1.37 3 38 52 +/- 0.82 8 3215+ 198
Ti (%) 27 013 +/- 008 26 015 +/- 017 16 033+.005 27 041 +/-003 6 064 +/-002 16 0.58 +/- 0.03 3 0066 +/- 001 8 074+-007
Minor
Elements
As 27 11841017 26 137+-013 15 40+-16 27 33341053 6 3674111 16 41241067 3 1154+/-008 7 2144105
B 1 20727 2 a 15 587 +/. 8 49 27 7164175 6 145 +1. 15 16 917 +/-72 0 - 0
Ba 27 163 +1-7 26 167 +/- 82 15 218 +1- 17 27 252 +/- 1 6 379 +1- 24 16 330 +/-20 3 125 +1- 35 8 150 +/. 33
Be 0 Not detected 2 2 1 2 9 2 8 32403 16 25404 1 04 4 0214013
Cl 2% 386494 26 390+/-96 14 103 +/- 28 24 163 +/- 59 5 76 +1- 30 14 274+ 0 ) 8 117 453
Cr 26 807 +/- 100 26 10 45 +/- 1.47 15 342+/-64 27 485+/-45 6 79 +1-15 16 69.5+/-35 2 68¢/.58 8 6201123
Cs 25 028 +/-004 26 044 +/.007 15 12441030 27 243 +/. 032 6 52+.09 16 405 +/-0.41 3 021+/-0.02 8 482+/.092
Ga 0 Not detected 2 25411 1 40+/.06 26 90+ 1.5 6 212 +/-14 16 15.5+/-1.7 0 - 0 .
Hf 27 499 +1-090 26 419 +/-0.58 15 136 +/-20 27 125+/-1.3 8 83+-14 18 9.92 +/-1.05 3 206+/-03 8 893+/-145
Nb 1 345+-041 2 55410 15 98+-17 27 1254112 6 207410 16 18.741.1.3 0 - 0
Rb 27 149412 26 176416 15 317460 27 534459 6 98 +/- 21 16 8744115 3 130436 8 815421 8
S 16 245 +1- 210 24 632 +/- 274 . Not measured - Not measured - Not measured . Not Measured 3 571 +/- 145 8 2135 +1- 997
Se 17 021015 20 016 +/- 009 5 162 +- 65 18 1.75 +-0.27 3 20407 9 1.55 +/.0.54 1 008 8 0.44 +1.0.04
Sr 27 187 4-22 26 244 ¢-13 15 344+/-64 27 54641127 6 112 +1-15 16 79.6 +/-5.3 3 1784142 ° 8 663+-96
Y 27 56411 26 734112 15 2374135 27 265 +1-23 [ 365426 18 350419 3 3124-073 8 226+/1-1.3

Note - all concentrations are in ppm unless designated otherwise
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Figure G.2 Mean Elemental Concentration by Facies

Facies Tidal Channe! Inter Channel Lower Tidal Flat Upper Tidal Flat Salt Marsh Pro Delta Mud Fluvial Estuarine Delta Marsh Mud
Element | Number Mean Number Mean Numbes Mean Number Mean Number Mean Number Mean Number Mean Number Mean
of +/- Confidencel  of +/- Conlidencer of +/- Confidenc of +{- Confidence of +/- Confidenc: of +- Conﬁ@encer of +/- Conﬁdenceﬂ of +/- Confidence

Samples Limits Samples Limits Samples Limits Samples Limits Samples Limits Samples Limits Samples Limits Samples Limits
Metallic
Elements] Tolal N=27 Total N =26 Tolal N = 16 Total N = 27 TotalN=6 Total N = 16 Total N =3 Total N =8
Co 27 134 +/- 45 26 260 +/- 33 16 27.7+1-165 27 257+)-86 6 192+/-46 16 206+-16 3 364 +/- 18 8 923105
Cu 27 109 +/-51 26 948 +/-243 16 1869+/-59 27 171415 6 215+1-24 16 178+1-15 3 117+4.62 8 167+-23
Mo 20 122+/-28 26 2134132 7 3284133 17 3114-090 6 35+-08 1" 254+-03 3 952+/-510 8 130+/-303
Ni 27 165 +-30 26 161423 15 269+1-30 27 283+1-14 6 61+-81 16 321429 3 153+/-17 8 204+/-93
Pb 24 872+-175 26 125413 15 103 +-17 25 1254118 ] 145 +/-21 15 96413 3 555 +/-244 8 57 +1- 11
Sn 0 Not Detected 0 Not detected 0 Not detected 0 Not detected 0 Not detected 0 Not detected 0 Not detected 0 Not detected
\" 27 364 +/-20 28 469+1-20 15 477 +)-34 27 545+ 34 6 992+, 62 18 7314-77 3 360+/-62 8 153 +-12
w 6 083+-018 15 081+1014 12 129 +/- 162 26 949+/-689 6 185 +1-212 15 246 +)-121 0 Not measured 8 1104476
Zn 27 7.07 +/-087 26 102+122 15 243+/-44 27 361435 6 626+/-16 4 16 53754154 3 344-03 8 369=1-89
2r 27 144 +/- 41 26 157 +/)- 3t 15 529 +/- 83 27 343 +4-93 I 6 315+ 19 16 112 +/- 59 3 42 +/-20 8 327 +1- 69
Rare Earth
Elements
CC 27 220 +-31 26 210+1-21 15 58 +/-7.6 27 665+-59 6 88 +/- 19 16 7944143 3 129+-10 8 488 +/-56
D\' 16 101 +/-008 24 131+-016 0 Not determined 0 Not determined 8 Not determined 0 Not determined 0 Nol detected 8 395+-021
Eu 27 027+-008 26 0310 +/-0034 15 0.905 +/-0.132 27 105+-009 6 149+)-032 16 136+/-008 3 0147 +-003 8 076+-011
Gd 7 148 +/-0.55 2 1 15 377+1-058 18 469+ 063 6 578 +/-1.32 3 507 +/-077 0 Not detected 0 Not detected
La 26 108+/-15 28 103+-10 15 262+/-33 ri4 3114427 5 408+/-86 16 392+-18 3 667 +/-040 8 262+-31
Lu 26 0111 +/-0.181 28 0107 +1-001 15 040 +/-006 27 0456 +1. 004 6 049 +/-008 16 050+-001 3 0.055 +/- 0007 8 036 «/-0.02
Nd 25 107+-13 25 1234113 15 244+/-32 27 22217 6 36+1.76 16 362419 3 5.4141-020 3 200408
SC 27 188=/075 28 2124016 15 448 +-1.01 26 688+1-077 6 157 +/- 28 16 1243 +/-113 3 1.67 +/-032 8 112+-18
Sm 27 162+/-074 26 1.76 +-018 15 411 +/-0.58 27 490 +/-042 6 80+-13 16 611+/-036 3 105+-011 8 396+/-048
To 27 022+/-003 24 0.22+-003 15 066 +/-011 27 078 +/-007 6 1.05+/-022 16 106 +/-0.08 3 0123 +/- 0.042 8 057 +/-008
Th 27 319+/-060 26 2.81+-032 15 7234-011 Yy 916 +1-083 6 127 +/-28 16 122+4/-08 3 1.75+-027 8 969+/.088
U 27 073+-009 26 075+/-008 - 205 +/-0.30 27 24+-020 6 318+ 068 16 337+ 010 3 0.44 +/-002 8 300+/-015
Yb 27 073+-011 28 0.75 +/-009 15 259 +/-0.40 27 3014027 3 360+-065 16 369+/-011 1 049+/-0.18 8 251+/-014

Note - all concentrations are in ppm unless designated otherwise
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Figure G.2 Mean Elemental Concentration by Facies

Facies Tidal Channel Inter Channel Lower Tidal Flat Upper Tidal Flat Sait Marsh Pro Delta Mud Fluvial Estuarine Delta Marsh Mud
Element | Number Mean Number Mean Number Mean Number Mean Number Mean Number Mean Number Mean Number Mean
of +- Conﬁdancel of +/- Confidence  of +/- Confidence of +/- Confidence}  of +/- Confidencel  of +/- Confidence; of +/- Confidence]  of +/- Confidence

Samples Limils Samples Limits Samples Limits Samples Limits Samples Limils Samples Limits Samples Limits Samples Limits
Trace
Elements] TotalN=27 Total N = 26 Total N = 16 Total N = 27 Total N=6 Total N = 16 Total N=3 Total N =8
Bi 1] Not determined 2 5 [ Not determined 0 Not determined 4 Not determined 0 Not determined 0 Not determined 8 823 +-105
Br 13 030+ 005 17 032+-004 4] Not determined 1 006 1 06 0 Not determined 3 035+-006 8 16.7+/-23
Cd 18 034+-008 26 061+ 008 0 Not determined 9 053 +/-005 0 Not determined 7 054 +/- 006 3 017 +.010 8 130 +4-303
Hg Not determined 2 1 0 Not determined 0 Not detesmined 0 Not determined 0 Not detesmined 0 NNot determined] 8 204+-93
Ir 0 Not determined 2 0001 0 Not determined 0 Not determined 0 Not determined 0 Not determined 0 Not determoned 8 57 +1- 11
Sb 26 013 +-001 26 017 +/-002 15 0307 +/- 0048 27 0.43 +/-0.08 6 062 +-013 18 058 +/-004 3 Not detected 0 Not detected
Ta 23 029 +/-004 28 034 +-0.04 14 0721 +-0155 26 087 +/-007 6 1204-021 18 1.18 +/.007 3 360+1-62 8 153 +/- 12
Precious
Mectals
Ag ** 0 Not determined 2 450 +/- 100 2 400 1 509 +/. 67 2 500 5 600 +/. 60 0 Not determined 0 Not determined
Au ** 0 Not determined 6 442 5 30¢-15 16 784586 3 36+/-23 5 22+/-04 0 Not determined 2 45+-79
Ayt ** 0 | Notdeterminea] 2 2 15 30415 16 784586 ] 22+ 16 s 224104 0 | Notdetermined| 0 Not determined
Pd ** 4 20+/-05 2 3 0 Not determined 1 26+-05 0 Not determined 13 21401 0 Not determined 0 Not determined
Py ** 2 45+/-10 2 5 S 50+-10 1 5 0 Not determined 0 Not determined 0 Not determined 0 Not determined

* Au determined by Fire assay method

** reported in ppb
Note - all concentrations are in ppm unless designated otherwise
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Figure G.2 Mean Elemental Concentration by Facies

Facies Overbank Mud Crevasse Splay Coal Fluvial Channel Fluvial Channet O & W [Fluvial Channel W/S| Channel Breccia
Element | Number Mean Number Mean Number Mean Number Mean Number Mean Number Mean Number Mean
of +/- Confidence}  of +/- Confidence of +/- Confidence] of +/- Confidence]  of +/- Confidenc of +/- Confidenc of +/- Conﬁdencej

Samples Litvuts Samples Limils Samples Limits Samples Limits Samples Limits Samples Limil‘s T Samples Limits
Primary
Elements] TotaiIN=6 Totat N = 11 TotalN =3 Tolal N =20 TotalIN=3 Total N = 4 Total N = 2
Al (%) 6 783 +/- 104 1 224 +1-0.57 3 456 +1- 356 20 079 +- 020 3 037 +/-032 4 228 +/-087 2 248 +/-130
Ca (%) 6 029+/.007 1 0.10 +/- 002 3 03941044 20 0032 +1-0012 3 0027 +1-0.017 4 0.095 +/- 0 085 2 0045 +/-0.098
Fe (%) 8 2454092 1 093+1.035 3 1344050 20 035 +/-0.21 3 043 +/-012 4 0.445 +/- 0 060 2 062 +/-022
K (%) 8 144+.022 1 021 +/-0098 3 061 +/-062 20 025 +-0.07 3 0070 +/- 0078 4 0.115 +/- 0084 2 072+/-022
Mg (%) 8 053 +/-013 1 0112 +/- 0041 3 03547016 20 0025 +/-0.013 3 0030 +/-0011 4 0067 +/- 0049 2 0.12+/-008
Mn (%) 8 0037 +/-0016 1 0006 +/- 002 3 0006 +/- 0004 20 .0028 +/- .0005 3 001 4 001 +/-001 2 003
Na (%) 8 024+.013 1" 0165 +/- 0047 3 039+/-024 20 0.038 +/- 0.020 3 005 +/-002 4 0122 +/- 0045 2 0125 +/-0.049
P (%) 8 0041 +/-0014 1 0,016 +/- 002 3 0058 +/- 007 20 0.010 +/- .002 3 002 4 0.045 +/- 0023 2 002
Si (%) 8 307541127 1 37,61 +/-1.34 3 20 89 +/ 14 02 20 39.15 +/- 0.8 3 4071 +/- 131 4 41.3+/-06 2 370241002
Ti (%) 8 068 +/-011 1" 059 +/-012 3 095 +/-035 20 0.19 +/- 0.07 3 02141017 4 0115 +/- 0088 2 024 +/-010
Minor
Elements
As 6 514 +1-200 10 316 +/- 265 3 91+ 118 15 11241027 3 1674107 4 1194123 2 2
B q 149 +1- 26 4 61 +/- 36 1 339 0 Not determined 3 1274179 4 16.7 +/-69 2 2954129
Ba 6 239 +/- 21 1" 63+1.15 3 219 +/- 163 20 06 +1. 24 3 33 41- 20 4 68 +1. 47 2 225 +1. 29
Be 5 166 +/-067 0 Not determined 2 066 +/-066 0 Not determined 0 32+-03 1] Not determined 0 Not determined
Ci 4 288 +1- 65 " 314 41120 3 184 +1- 147 n 150 +1. 71 3 Not determined 4 674 +/. 157 2 114 +/. 33
Cr [} 77 +1-14 10 28+/-6 3 47 +1- 31 12 6,72 +/-2.87 3 807 +/-560 4 270+4-50 2 2354168
Cs 8 §54 +/-090 10 166 +/.0.73 3 23417 20 0.68 +/. 0.47 0 Not deternaned 1 07 2 1.15+4/-0.49
Ga 4 23+/-3 2 50+-19 1 7 0 Not determined 0 Not determined 4 475+1-147 2 35+1.29
Hf 8 828+/.138 1 893 +/-097 3 664125 20 5.01 +/- 0.93 3 42341261 4 295 +/-232 2 695 +/-0.29
Nb 4 245+1-40 4 1424139 1 18 0 Not determined 2 95+ 49 4 8.25+1- 2815 2 80439
Rb 6 94741107 7 204+1-122 2 30 +/- 19 16 2334125 0 | Notdetermined] 0 | Notdetermined] 2 300+-79
S 2 2981 +/- 2132 7 1817 +1- 329 2 2254 +1. 478 20 432 +/-223 0 Not determined 0 Not determined 0 Not determined
Se 5 082+/-049 10 062+/-023 3 093 +/-085 15 0.21 +/-0.07 2 105+/1-029 0 Not determined 2 08+/-02
Sr [ 92 +/- 20 1 459 +/-1.4 3 367 +/. 539 20 18.1+/.3.2 3 18341107 4 53+1.15 2 344113
Y 6 286+/-27 1 173437 3 225 +/-049 20 50¢/-13 3 80+/-63 4 58+/.63 2 16 +/- 4

Note - all concentrations are in ppm unless designated otherwise
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Figure G.2 Mean Elemental Concentration by Facies

Facies Overbank Mud Crevasse Splay Coal Fluvial Channel Fiuvial Channel O 8 W |Fluvial Channel W/S| Channel Breccia
Element | Number Mean Number Mean Number Mean Number Mean Number Mean Number Mean Number Mean
of +/- Confidencel  of +- Conﬁdencq of +/- Confidence] of +/- Confidence|  of +/- Confid:nce]  of +/- Confidence}  of +/- Confidencej

Samples Limits Samples Limits Samples Limils Samples Limits Samples Limits Samples Limits Samples Limits
Metallic
Elements TotalN=6 Total N = 11 TolaiIN=3 Total N = 20 TotalN=3 TotaiN=4 Total N = 2
Co 6 464 +/-389 1" 124 +/- A8 3 606+ 562 20 342 +/- 20 3 137+-68 4 550+/-408 2 63¢-10
Cu [} 200+/-15 1" 194+ 71 3 18341 35 20 855+-223 3 143+1-43 4 382+/-249 2 85+ 29
Mo 3 984+1-926 1 354 +)-176 3 86 +/- 94 20 153 +/-43 0 Not determined 4 2.75+/-094 1 2
Ni [ 3314195 1 164+/-32 3 92+/-49 20 126 +/-29 3 167+1-23 4 19.7 +-26 2 24
Pb ] 326+/-189 9 209+/-76 3 384+/-344 20 537 +4-1.95 1 8 4 925 +/-123 1 8
Sn 0 Not Detecled 0 Not detected 0 Not detecled 0 Not detected 0 Not detected 0 Not detected 0 Nol detected
\} [} 101 +/- 16 1 78 +1-25 3 123 ¢/ 20 491+/-62 3 253+.73 4 282+/-93 2 4801178
w ] 59+/32 11 04 +1.56 3 124 +4- 102 8 269 +1- 206 1 110 4 108 +/- 84 0 ol measured
Zn é 528+/-89 " 119+ 43 3 17641151 20 453+-100 3 3334261 4 4754003 2 210+.98
Zr 8 144 +1.107 1" 248 +/- 117 3 238 41- 237 20 179 +1. 34 l 1 9 4 112+/-18 2 215+-88
Riare Earth
Elements
CC 6 732+1-43 1 305+/-65 3 461+1.59 20 170+-23 3 867 +4- 261 4 357 +-71.22 2 340+/-59
D) 0 Not determined 7 307 +-064 2 394+-007 12 140+ 031 0 Not determined 0 Not determined 0 Not detected
Ell [] 1.17+4-008 1 0479+ 0125 3 052+/-004 20 028+/-010 3 0153 +/- 4 057 4 033 +/-005 2 056+-01
Gd 0 Not determined 0 Not determined 0 Not determined 0 Not determimed 0 Not determined 0 Not determined 0 Not detected
La [.] 378+¢1-25 1 158+/-34 3 265437 20 910+/-1.25 3 427 +)-1 44 4 192 4/-5.2 2 1694/ 294
Lu [} 0475 +/- 0.045 11 0.302 +/-004 3 032+/-009 20 0116 +/-0.027 3 012+/-144 4 0.08 +/-0.08 2 023+1-004
Nd [:] 208+/-36 5 148+/-73 1 16 10 906 +/- 3.62 3 3334-132 4 125+1-30 2 150+ 20
SC 6 1283+/-079 " 682+/-254 3 107+/-36 20 265 +/-0.38 3 103 +/-043 4 2724121 2 345+-108
Slll 6 5.55 +/- 0.50 11 251+-060 3 320+/-068 20 1.40+/-0.18 3 0567 +/-0173 4 1.754/-029 2 255+)-049
Tb [] 083+/-004 1 0447 +/-0105 3 047 +/-006 20 0236/ 0072 2 02 4 0.25 +/-0.08 2 045+-010
Th 8 120+/-10 1 591+/-104 3 832+-219 20 306 +-052 3 19408 4 410+-175 2 530+/.059
U 6 307+-028 1 298 +/-110 3 306+-078 20 093 +/-0.21 3 0.867 +/- 0397 4 1.62 +1-0.97 2 150+/-039
Yb [:] 3.22 +/-0.16 1 203 +-032 3 222+-071 20 081+/-018 3 0767 +1- 0523 4 0.54 +/-0.41 2 155+-021

Note - all concentrations are in ppm unless designated otherwise
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Figure G.2 Mean Elemental Concentration by Facies

Facies Overbank Mud Crevasse Splay Coal Fluvial Channel Fluvial Channel O 8 W {Fluvial Channel W/S| Channel Breccia
Element | Number Mean Number Mean Number Mean Number Mean Number Mean Number Mean Number Mean
of +/- Confidenc of +/- Confidence] of +/- Conlfidence] of +/- Confidencel  of +/- Confidence]  of +/- Confidence]  of +/- Confidence

Samples Limits Samples Limits Samples Limits Samples Limils Samples Limils Samples Limits Samples Limils
Trace
Elements TotalN=6 Totat N = 11 TolalN =3 Total N = 20 TolaIN =3 Total N =4 TolalN =2
Bi 0 Not detesmned 1 6 0 Not deteimined 0 Not deteimined 0 Not detenmined 0 Not detetmined 0 Not deternuned
Br 1 1 8 073+-011 2 093 +-007 12 051+-016 0 Not determined 4 085+/-017 0 Not determined
Cd 6 193+/.137 8 136 +/-040 3 247 +1-218 15 035+ 014 0 Not determined 0 Nol determined 0 Not determined
Hg 0 Not determined 0 Not detected Y] Not determined 0 Not determined 0 Not determined 0 Not determined 0 Not determined
Ir 0 Not determined 0 Not detected 0 Not determined 0 Not determined 0 Not determined 0 Nol determined 0 Not determoned
Sb ] 064 +/.007 11 040+/-008 2 062+/-023 20 0174 +/. 0044 2 015+/-010 4 015+/-006 2 03
Ta 6 134+033 1 139+ 029 3 14741072 20 0638 +/- 0232 2 055 +1-029 3 0504030 2 055+ 010
Precious
Mectals
Ag ** 2 400 0 Not delermined 0 Not determined 0 Not determmed 1 500 0 Not determined 1 300
Au ** 0 | Notdetermined| 5 1734113 1 3 4 114+-44 0 | Notdetermined| 4 16 +1- 20 0 | Not determined
Au* ** 4 1754+-09 4 16+1-05 1 04 0 | Not determined 3 17413 4 36 4/- 32 0 | Not determined
Pd ** a 2 4 2 1 1 0 | Notdetermines| 3 2 4 4414 2 2
Py ** 0 Not determined 0 Not determined 0 Not determined 0 Not determined 0 Not determined 0 Not determined 0 Not determined

* Au determined by Firc assay method

** reported in ppb
Note - ali concentrations are in ppm unless designated otherwise

-gI.D-



G.

16

Figure G.3.1 Statistics of the concentration of selected elements by facies
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Figure G.3.2 Statistics of the concentration of selected elements by facies
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Figure G.3.3 Statistics of the concentration of selected elements by facies
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Figure G.3.4 Statistics of the concentration of selected elements by facies
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Figure G.3.5 Statistics of the concentration of selected elements by facies
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Figure G.3.6 Statistics of the concentration of selected elements by facies
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Figure G.3.7 Statistics of the concentration of selected elements by facies
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Figure G.3.8 Statistics of the concentration of selected elements by facies
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Figure G.3.9 Statistics of the concentration of selected elements by facies
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Figure G.4.1 Mean and Range Of Elemental Concentrations by Facies
Tidal Channel
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Figure G.4.2 Mean and Range Of Elemental Concentrations by Facies
Interchannel
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Figure G.4.3 Mean and Range Of Elemental Concentrations by Facies

Lower Tidal Flat

Mean
.......................... Minimum

.......................... Maximum

Elements
(in order of increasing mean value)

216FACIE.XLS Chant 21

- LT -



1€s

4 Mean and Range Of Elemental Concentrations by Fac
Upper Tidal Flat

Figure G.4.

1000000

100000

|

10000

-G 28 -

Mean
Minimum
- Maximum

1000
100

(wdd w) uonesUIIU0Y

[ DO T O T I |

LI

[N OO N T IO N Y
T

ﬁ‘z‘c§88>!!!,56£>653‘308"=§2£8'="-!3“

.....v gv i
- u
T s
- us
A oee
il 4
L R, ]
1=, e
{ .,
n.A. —t— 83
-+ n
— g
£ 1 6§
o ™
i .
Ty ws
b
T-Le
TS P
-1 By
= £ ]
===
-+ ™
= i
T u
T ™
-1~
—— g
- u
LLL

10
1

L

0.1

0.001

Elements
{in order of increasing mean value)

216FACIE_XLS Chat 22



Concentration {in ppm)

1000000.000

100000.000

10000.000

1000.000

100.000

10.000

1.000

0.100

0.010

0.001

Figure G.4.5 Mean and Range Of Elemental Concentrations by Facies
Salt Marsh :
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Figure G.4.6 Mean and Range Of Elemental Concentrations by Facies
Pro Delta Mud
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Figure G.4.7 Mean and Range Of Elemental Councentrations by Facies
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Figure G.4.9 Mean and Range Of Elemental Concentrations by Facies
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Figure G.4.10 Mean and Range Of Elemental Concentrations by Facies

Crevasse Splay
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Figure G.4.11 Mean and Range Of Elemental Concentrations by Facies
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Fluvial Channel Sands

Figure G.4.12 Mean and Range Of Elemental Concentrations by Facies
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Figure G.4.13 Mean and Range Of Elemental Concentrations by Facies
Fluvial Channel (Oil and Water)
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Figure G.4.14 Mean and Range Of Elemental Concentrations by Facies
Fluvial Channel (Water Sands)
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Figure G.4.15 Mean and Range Of Elemental Concentrations by Facies
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Figure G.4.16 Mean and Range Of Elemental Concentrations by Facies
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Figure G.5.1 Comparison of the Mean Concentration of Elements by Facies
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Figure G.5.2 Comparison of the Mean Concentration of Elements by Facies
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Figure G.5.3 Comparison of the Mean Concentration of Elements by Facies
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Figure G.5.4 Comparison of the Mean Concentration of Elements by Facies
Rare Earth Elements
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Figure G.5.5 Comparison of the Mean Concentration of Elements by Facies
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Figure G.5.6 Comparison of the Mean Concentration of Elements by Facies
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Appendix H

Plots and Correlations

Topic ' Page

Discussion
Figure H.1  (a) Primary Elements vs. Aluminum H4

(b) Minor Elements vs. Aluminum H.7

(c) Trace Elements vs. Aluminum H.12

(d) Rare Earths vs. Aluminum H.14

(e) Metallic Elements vs. Aluminum H.19

(f) Precious Metals vs. Aluminum H.22
Figure H.2 Miscellaneous Cross Plots H.24
Figure H.3 Gamma and MTB Cross Plots H.25
Figure H.4 Gamma Cross Plots H.26
Figure H.5 Bitumen Cross Plots

(a) Elements reported to be totally organically bound H.27

(b) Elements reported to be partially organically bound H.28

(c) Elements reported to be totally inorganically bound H.29

Figure H.6 Plot of Duplicate analysis vs. depth - Neutron Activation vs. ICP H.30
Figure H.7 Clay Content by various methods (in main report text)

Figure H8  (a) Log of Core Hole 209 - Elemental concentration vs. depth. H.37
(b) Log of Core Hole 215 - Elemental concentration vs. depth. H.43
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Appendix H
Plots and Correlations
In this appendix plots and correlations are used to reveal characteristics that traditional
statistical analyses cannot.
1. Cross Plots

Cross plots between various elemental concentrations are used to determine if
correlations exist or not.

Figure H.1 plots all elements analyzed vs. Aluminum.

Figure H.2 plots various elements vs. each other to determine if there is a relationship
between them. (V vs. Ni, Cl vs. Na, U vs. Th, Lu vs. La, K and Zr vs. Ti)

2. Gamma Count and Methylene Blue Index Plots

Figure H.3 shows plots of various features against the Gamma count and the MTB Index.
Aspects shown - clay content, aluminum content and bitumen content. The data base used
in Figure H.3 was restricted to samples on which the clay content and MTB index was
determined.

Figure H.4 shows plots of elemental concentrations vs. the Gamma count using the entire
data base. Concentrations plotted: Al, K, Ti, Bitumen, Th, U, Cl and Hf.

3. Bitumen related Plots

Figure H.5 plots elemental concentrations vs. bitumen. Three groups of elements are
represented - elements reported to be totaily organically bound: (Ni, V, Mo, Rb, Se);
- elements reported to be predominantly organically bound:
(As, Co, Cr, Fe, Ga, Na, Sb, Sc and Th),
- elements reported to be totally inorganically bound (Al, Ce, Cs, K, La);

4. Duplicate Analyses

H.6 plots of duplicate analyses of a given element vs. depth for independent methods of
analysis. Both neutron activation and ICP methods of analysis were performed on Al Ba,
Cr, Fe, Na, and Mn. The purpose of the plots is to determine if the concentrations
detected follow the same trend.
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5. Particle Size Analysis

Figure H.7 shows the amount of clay sized material detected by different methods of
analysis. Indications from traditional methods and hydrometer methods are compared.

6. Bore Hole Logs linking bore hole information and elemental concentrations.

Figure H.8 shows a suite of plots of elemental concentrations, stratigraphic data and
geophysical logs vs. depth for the two core holes.
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Figure H.1(a) Primary Elements vs Aluminum
Cross Plots
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Figure H.1 (b) Minor Elements vs Aluminum
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Figure H.1(d) Rare Earths vs Aluminum

Cross Plots

=91 H-

Nd vs Al - Combined Nd vs Al - 209 Nd vs Al1-215
30 I
28 . L. o
E_ 20 .
a 16
310
s
0 »
4 (] 8 10 0.00 5.00 10.00 15.00
Al% Al%
Sc vs Al - combined Sc vs Al - 209 Scvs Al -218
20 " 20 | 20.0 0
16 1 - 16.0
g 10 | EEL 10 L ] g‘ 10.0
Q
3 @ g — “ 50
0 0 0.0
5 10 1 4 6 8 10 0.00 5.00 10.00 16.00
Al % Al% Al%
Sm vs Aluminum Smyvs Al - 209 SmVs Al -216
8 8
3 6 o ]
[
o 4 L 4
5 (= ]
2 M 2
() 0
16 0 2 4 6 8 10 0.00 8.00 10.00 16.00
Al% Al% Al%




Figure H.1(d) Rare Earths vs Aluminum
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Figure H.1(d) Rare Earths vs Aluminum
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Figure H.1 (f) Precious Metals vs Aluminum
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Figure H.1 (f) Precious Metals vs Aluminum

Cross Plot
Pd vs Al - 215
0.01 —=
g 0.008
o E—
0.002 —T—-—r————'
0 [ ] i
0.00 5.00 10.00 16.00
Al%
Ptvs Al - 216
0.010 -
0.008
Eo.ooe =" -
& 0.004 m-m
0.002
0.000 HEmE-—N+an- e
0.00 5.00 10.00 15.00
Al%

- € H-



Vanadium vs Nickel

0 20 40 60
Nickel ppm
Uranium vs Thorlum
§, 8
]
[-% 8 -
54 -
2 0
0 8 10 18
Thorium ppm
Potassium vs Titanlum
28
" 2
1.6
(1]
E 1 ™ .-
0.6
0
0 0.8 1 16
Tiwt%

Figure H.2 Miscellaneous Cross Plots

Clvs Na

[ ]
0.6 0.8
Luvsla
0.8
"___|
E. 0.6 F
g- 04
n
< 0.2
0 Im
0 10 20 30 40 60
La ppm
Zr vs TI Combined
800
E 600 |—=
W PE——
N 400 m | W
200
0
0 0.8 1 18

Ti%

[

-¥Z H-



Gamma vs MTB Index
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Figure H.4 Gamma Cross Plots
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Figure H.5 Bitumen Cross Plots
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Figure H.5 Bitumen Cross Plots
Elements reported to be Predominantly Organically Bound
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Figure H.5 Bitumen Cross Plots
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Figure H.6(a) Duplicate Analysis vs. Depth - INAA vs. ICP for Aluminum
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Figure H.6(d) Duplicate Analysis vs. Depth - INAA vs, ICP for Iron
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Figure H.6(e) Duplicate Analysis vs. Depth - INAA vs. ICP for Sodium
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Figure H.8(a) Gulf - Sandaita Core Hole 209-85
Concentration of Primary Elements (%)
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Figure H.8(a) Gulf - Sandalta Core Hole 209-85
Concentration of Minor Elements (ppm)
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Figure H.8(a) Gulf - Sandalta Core Hole 209-85
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Concentration of Metallic Elements (ppm)
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Figure H.8(a) Gulf - Sandalta Core Hole 209-85
Concentration of Rare Earth Elements (ppm)
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Figure H.8(a) Gulf - Sandalta Core Hole 209-85
Concentration of Trace Elements (ppm)
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Figure H.8(a) Gulf - Sandalta Core Hole 209-85
Concentration of Precious Metals (ppm)
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Figure H.8(b) Gulf - Sandalta Core Hole 215-85
Concentration of Primary Elements (%)
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Figure H.8(b) Gulf - Sandalta Core Hole 215-85
Concentration of Minor Elements (ppm)
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Figure H.8(b)Gulf - Sandalta Core Hole 215-85
Concentration of Metallic Elements (ppm)
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Figure H.8(b) Gulf - Sandalta Core Hole 215-85
Concentration of Rare Earth Elements (ppm)
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Figure H.8(b) Gulf - Sandalta Core Hole 215-85
Concentration of Trace Elements (ppm)
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Figure H.8(b) Gulf - Sandalta Core Hole 215-85
Concentration of Precious Metals (ppm)

itig, a1ty wderate to far biohrdatin, it in larotios o qey

siit contaiming coal strinery

o PR T AN BURMED S trowy, very e revved and fran st buctutr

T ot smd burae, beconing ety raards' the ed ey it od ad ichaions)
Foor bitaen soturgtion

\LBER 104, FLAT ARRDED Srd oy wery Five qroved, iity, burvoed bron

"% 58] ° g e —— N
v O N
g 7S] O T U GAOL0 G DD S on T qur g

- tilt haros. fedim bihaet sotration

ST e fo drk grey ot the top bery artenocenat
llmﬂrwuhmm Fo ot gt » e

FRIELAND: R Dight grey, wiih lenses o grey a1kt troces of busturtotion

SSST

oocz||
o]
000 0%

:m; @hﬂw Sod, It bron, sibty, drc-hobaed cloy lunatios

3 (00 TON. AT IR Interstratifed {1 |ﬁhﬂﬂ!ﬂi Tipod bit-
-\ srtwatin and 311t wth cool stredis  Poralfed bedling

| T oL drt Fine- to Fine-growed qurtnit
{ bihaen mm:iﬁul ::ﬂw: Iﬁg me mm ;E,"v(?g)d
-} beconieg sedia o comse-gruned at the dottm o e nteral

s (PR TIML AL B0 A0 ITREDED Serd troe very Firegraned ot
7 otef 311t bursa, interstrotified wth grey cloy Fﬂll"?lmrrgmlm.

L LEN LI

™
7S ned, Interbedied with grey ailt, s buros m it Geostang! ¢l
ey gup Porvilel bedding. Moderate to Farr bitaen sthrotton. Y

BT Ligt bron sratec st
S DO TIAL FLAT BUARED A0 INTRETERD Sond as i 232 to 216, Leressing

i g tonl toers Ue g fpgeryis ot Bikem
PR TOW. AT BOED #0 DTERGELID Snd fight f
ntertedied wrth grey silt o grey ad s:m hhr:‘s :le;rg::ht

il 1l 19 3

— llll"“‘l

trros 10 sord, Toor b haen hration

(PR TIDA. FLAT SERDMED S, trowy suity, buotubated Qusturbed by drilhing

3 {PFIR TIDA FLAT DATRBELDED Interstratified, bron o grey it ond grey ad Sond
3 interealations. o bituen sotwrartin

%
% B (5RO U 200 A0 DRI St e, vy e s e
L9

T drt fire-yaned aartaitic wnfwa wth ¢l
oingtions Iri::s d |:T M la'qii s;:}xf b e o
Jitn

(PR 1AL FLAT ITEREETIND [nterted, traan very Fioe-gruired srd, bron gy
silt od gey

1Y CHweL drt fron very fine- to Niregured qortzitic, ogle
wfons qunmmﬂl R go T

e
O

(¥ RECCA Cloy breccia i bron smd Clsts g ol o mdieter T2 |
Pgo”&\m sod with su‘l,{ Imintins ?

T MIELIN D Thinly lminoted grey e icrocoroaneeeass ond bron, ey silt
Suderite rodules ond interteds

W N W ™

{are-yuired qurtzitic sod,

;

TLVIA Ol (L M0 TR Sod dork brom coree-grained qurtziti
bitwen sarctin Elh-hsz'iumglqnd el gt g
(ROWSL Y dot ey, comsepained, it cented o rich
Ill?uuifmp'ﬂs‘s“l o il b

TR WL WG et e gl vt '
et Potly tmlimite m?'hm ol sluql‘:rg




Table 1.1 Summary of Cross Plots

Element

Primary
Elements
Ca
Fe
K
Mg
Mn
Na
P
Si
Ti
Minor Elements
As
B
Ba
Be
Cl

Cr
Cs
Ga
Hf
Nb
Rb
S
Se
Sr
Y

Relationship to Aluminum

Positive linear trend plus scatter
Positive linear trend + some scatter
Positive linear trend

Positive linear trend

Dual linear trend + scatter

Positive linear trend

Poor linear + scatter

Negative linear trend

Positive linear trend + scatter

Positive linear trend + scatter
Positive linear trend

Two distinct linear trends
Scatter

Reverse linear trend
Considerable scatter
Positive linear trend
Positive linear trend
Positive linear trend
Scatter

Positive linear trend
Positive linear trend
Scatter

Scatter

Positive linear trend
Positive linear trend

Agreement in bore
hole trends

Yes
Yes
Yes
Yes
Yes
Partial
Yes
Yes
Yes

Yes
Yes
Yes

Yes

Yes
Yes
Yes
Yes
Yes
Yes

Poor correlation
Yes
Yes

Comment

Only part of trend reflected in hole 209

Only tested in hole 215

Only tested in one hole - at detection limit

Only one hole tested
Only one hole tested

Only one hole tested
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Table I.1 Summary of Cross Plots (continued)

Element

Trace Elements
Br
Cd
Sb
Ta
Rare Earths

Ce
Dy
Eu
Gd
La
Lu
Nd
Sc
Sm
Tb
Th
0]
Yb

Relationship to Aluminum

Scatter

Linear in 209, scattered in 215
Positive linear trend

Poor positive linear trend + scatter

Scattered positive linear trend
Positive linear trend + scatter
Positive linear trend with scatter
Scattered positive linear trend
Scattered positive linear trend
Scattered positive linear trend
Scattered positive linear trend
Positive linear trend

Scattered positive linear trend
Scattered positive linear trend
Positive linear trend

Positive linear trend with some scatter
Scattered positive linear trend

Agreement in bore
hole trends

No
Yes
Poor

Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Comment
Only one hole tested

Data from hole 209 suspect - (Al affecting ICP analysis)

Only one hole tested

Only one hole tested
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Table L1 Summary of Cross Plots (continued)

Element Relationship to Aluminum Agreement in bore Comment
hole trends
Metallic Elements

Co Scattered reverse trend Yes
Cu Positive linear trend + some scatter Yes
Mo Dual linear relationship No - very different Data from hole 209 suspect - (Al affecting ICP)
Ni Scattered positive linear + scatter Yes
Pb Dual linear + scatter No - very different Data from hole 209 suspect (Al affecting ICP)
\Y Positive dual linear trend Linear but diverging trend  Possible 2X scaling error in analysis of hole 209,
Check warranted.
w Scatter - reverse concentration Yes
Zn positive linear trend Yes
Zr Bimodal. Yes Strong bimodal modal distribution - similar to Ba
Positive linear trend below 3% Al
Negative linear trend above 3% Al
Precious Metals
Ag Scatter Only tested in one hole. At detection limit.
Au Scatter Yes Highest concentrations appear to be related to low Al
Fire assay confirms trend indicated by INAA
Pd Scatter Only tested in one hole.

Pt Scatter Only tested in one hole.
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Table 1.1 Summary of Cross Plots Continued.

Miscellaneous Cross Plots - Fig H.2 Relationship

Vavs. Ni Positive linear trend - considerable scatter
Clvs. Na Scatter - no agreement

Uvs. Th Good positive linear relationship
Luvs.La Good positive relationship

Kvs. Ti Positive linear trend + scatter

Zrvs. Ti Dual linear trend

- positive to Ti concentration of 0.4%
- negative above Ti conc. of 0.4%

Comment
Part of the deposit could have a related origin
Conclude concentrations due to different phenomena
Conclude present as impurities with consistent
concentrations
Same as above
Part of concentration due to the same mechanism
Conclude part of concentration due to same phenomenon,
part not.
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Table L.1 Summary of Cross Plots Continued.

Gamma and MBT Cross Plots -

Fig H.3

Gamma count vs. MBT Index
Clay wt % vs. MBT Index

Al vs. MBT Index

Bitumen vs. MBT Index

Clay wt % vs. Al
Bitumen vs. Gamma
MBT Index vs. Gamma count
Clay wt % vs. Gamma count
Al vs. Gamma count

Gamma Cross Plots - Fig H4

Al vs. Gamma count
K vs. Gamma count

Ti vs. Gamma count

Bitumen vs. Gamma count

Thorium vs. Gamma count

Uranium vs. Gamma count

Cl and Hf vs. Gamma count

Data base limited to samples with grain size

analysis

Positive linear trend above MBT of 200

Positive linear trend
Positive linear trend

Reverse trend - essentially no bitumen when MBT

Index is over 200.
Positive linear trend

Reverse linear trend. No bitumen when gamma count

exceeds 100.

Positive linear relationship above Gamma count of 70
Positive linear relationship above Gamma count of 70
Plot trend is the same as the MBT index.

Positive linear relationship
Full data base

Positi-. ¢ linear trend
Positive linear trend

Positive linear trend with scatter

Reverse linear trend

Positive linear trend

Positive linear trend

Scatter

All these relationships are related so can be predicted
from one another.

Can predict MBT index from Gamma count

Can predict clay content from MBT Index

Can predict Al from MBT Index

No bitumen when MBT index is over 200.

Al and clay content are related

Gamma count indicates clay and when significant clay is
present bitumen is not. Note that bitumen does not have to
be present if there is no clay.

Can predict MBT index from Gamma count.

Can predict clay content from Gamma count.

Can predict AL from Gamma count.

Can predict Al % (and clay %) from Gamma count.

Can predict K ( and clay %) from gamma count.

Gamma count could be due to radioactive K isotopes in
clay minerals.

Some Ti closely related to gamma count.

Some Ti apparently has another origin.

Bitumen not present when gamma count exceeds 100.
Trend indicates potential bitumen content of bitumen
saturated formation.

Can predict Th ( and clay %) from gamma count.

Gamma count could be due to radioactivity from Th
which is present in clays in a consistent amount.

Can predict U ( and clay %) from gamma count.

Gamma count could be due to radioactivity from U which
is present in clays in a consistent amount.

Origin of these elements is due to factors different than
those related to the clay content.



Table L2 Summary of Cross Plots Continued

Elements Expccted to be Totally
Organically Bound - Fig H.5
Ni vs. Bitumen

V vs. Bitumen

Mo vs. bitumen
Rb vs. bitumen
Se vs. bitumen

Elements expected to be predom-
inantly organically bound. Fig H.5
As vs. bitumen

Co vs. bitumen

Cr vs. bitumen

Fe vs. bitumen

Ga vs. bitumen

Na vs. bitumen

Sb vs. bitumen

Sc vs. bitumen

Th vs. bitumen

Elements expected to be totally
inorganically bound - Fig H.5

Al vs. bitumen

Ce vs. bitumen
Cs vs. bitumen
K vs. bitumen

La vs. bitumen

Relationship
Reverse linear trend. Considerable scatter.

Constant V content (about 50 ppm) regardless of
bitumen content.

No apparent trend

Reverse linear trend. Considerable scatter.

Scatter with a reverse trend.

Reverse linear trend. Considerable scatter.
Scattered positive trend

Reverse linear trend

No apparent trend

Scattered reverse linear trend

Scattered reverse linear trend

Reverse linear trend

Scattered reverse linear trend

Scattered reverse linear trend

Reverse linear relationship

Reverse linear relationship
Reverse linear relationship + scatter
Scattered reverse linear relationship
Reverse linear relationship

Comment

Mi content decreases with bitumen content.
No indication of linkage between Ni and bitumen
No indication of linkage between V and bitumen

No indication of linkage between Mo and bitumen
No indication of linkage between Rb and bitumen
No indication of linkage between Se and bitumen.

No indication of linkage between As and bitumen
Possible indication of linkage - Co and bitumen
No indication of linkage between Cr and bitumen
No indication of linkage between Fe and bitumen
No indication of linkage between Ga and bitumen
No indication of linkage between Na and bitumen
No indication of linkage between Sb and bitumen
No indication of linkage between Sc and bitumen
No indication of linkage between Th and bitumen
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Same relationship as elements expected to be
linked .

No indication of linkage between Al and bitumen
Same as above

Same as above

Same as above

Same as above



