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Introduction

This work (Task 3 within)was developed to complement the geochemical assessments of
produced water and geothermal water samples. Specifically, this task was designed to test the
influence of reservoir rock-type and corresponding mineralogy/geochemistry on the
concentrations of REE found in oil and gas produced waters. There has been no direct
investigation of REE reactions relative to rock-type in deep oil and gas brine prior to this
investigation. At most we have inferences of these potential reactions. For instance, brines from
mature sandstone reservoirs may have lower Eu concentrations than brines associated with
unaltered basalt due to the higher abundance of plagioclase feldspar in basalt.

Task 3 consists of three subtasks: (1) subtask 3.1, Analyze whole rock geochemistry and REE;
(2) subtask 3.2, Analyze minerals and crystallography; and (3) subtask 3.3, Measure cation
exchange capacities of selected rock samples. This task also includes two Milestones for Budget
Period 1, described below. Milestone 3-1 has been completed and is documented in this report.
Milestone 3-2 has also been completed and is documented in Attachments A, B, and C.

Milestones for Budget Period 1

3-1  Complete analysis of major, minor elements, and REEs, in rock samples related
to OGTW

3-2  Format rock data into templates and upload to the National Geothermal
Repository

All rock samples have varying REE concentrations that exceed those of the analyzed brines,
suggesting the potential for influencing the compositions of the fluids.

Sample Selection Methodology




A total of 101 rock samples were collected for analysis. Eighty-eight reservoir rock samples
were selected from the catalog available at the USGS Core Research Center, Lakewood,
Colorado (Figures 1 and 2). Specific samples were down-selected by proximity, formation, and
reservoir interval relative to the wells sampled in Task 2, as well as evaluated for facies variation
and reservoir character using geophysical data available at the Wyoming Oil and Gas
Commission website (Figure 3).
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Figure 1: The location and formation of oil and gas core collected at the USGS Core Research
Center. Core is representative of the three major basins where produced water samples were
collected, and correlates to sampled intervals.
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Figure 2: Screen capture of all core (red dots) in Wyoming available from the USGS Core
Research Center Database and surrounding states (as of 6/10/2017). These data represent all
available core; sample selection was refined relative to available core, proximity to sampled
wells, reservoir interval, and reservoir character.

First Core Interval (note SP and Resistivity log only) Second Core Interval (note SP and Resistivity log only)

——

rCIv

Y

w7
Cored interval
.-
]
L

|
Ny

. ) i | g — -
) JUEEE |33
| ¥
q ]
1 - L4 -

Api#: 4900922783 B202 Frontier Formation



EXTIRINE

P e e vne

F

Figure 3: Petrophysical data (top) from the Wyoming Oil and Gas Commission website, and
corresponding core box photos (bottom) from the USGS CRC website. Most samples were
selected after analysis of petrophysical log data to verify the best reservoir intervals. The paired
geophysical logs at the top of the figure show the interval of the Frontier Formation with

available core (highlighted by red line adjacent to SP log). The core boxes at the bottom of the
figure have red stars indicating samples selected for analysis.

Thirteen rock samples were collected in the field to correspond with naturally occurring
geothermal samples that were analyzed by Idaho National Laboratories (Idaho Falls, ID)
(Figure 4). Representative samples were selected of specific rock types in which geothermal
waters occur. Broader geologic regions associated with these rock types include the Snake River

Plain (SRP), Basin and Range structures east of the SRP, and large scale/deep seated orogenic
uplifts of the Sawtooth Mountains, ID.
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Figure 4: Sample locations, identification number and lithology of samples collected to
complement geothermal water samples in Idaho.

Analysis

After selection, samples were split for thin secti

on preparation, geochemical analysis and

advanced petrologic analysis methods including SEM or microprobe. Samples selected for
petrographic analysis were shipped to Wagner Petrographic for thin section preparation. Most

slides were impregnated with blue epoxy for po

rosity evaluation and stained for carbonate

evaluation. Samples selected for geochemical analysis were shipped to ALS Geochemistry.
Major oxide compositions were determined using ALS Geochemistry analytical protocol ME-

ICP06 and ME-MSB81; ICP-AES was performed and coupled with results from ICP-MS analysis.
Processing the samples for major and trace element compositions included the complete
solubilization of highly refractory REE-bearing minerals, such as zircon and monazite, to obtain
realistic REE compositions. Data from the geochemical analysis of oil and gas reservoir rock are
presented in Attachments A and B. Data from the geochemical analysis of geothermal rock
samples from Idaho are presented in Attachment C.



Results
Oil and Gas Reservoirs

Samples from oil and gas reservoirs are divided into subgroups of rock type. Subgroups include
shale, sandstone and carbonate, along with basement rocks from cuttings in deeper wells. All
samples have been normalized to the North American Shale Composite (NASC) (Condie, 1993).

Overall, shale samples trend to a NASC normalized value of 1 (Figure 5). Interpreting REE
concentrations per formation shows that: (1) Baxter Shale samples are depleted relative to
NASC; (2) Lewis Shale samples are enriched in LREEs and depleted in HREEs relative to
NASC; (3) Mowry Shale samples are both enriched and depleted in total REES relative to
NASC; and (4) the majority of Niobrara Shale samples are depleted in total REES relative to
NASC, with some enrichment in LREES; a single sample has REE enrichment; another sample
has a significant depletion in LREEs.

Niobrara Shale samples with relative enrichment in HREEs compared to LREEs are interpreted
to be potentially influenced by organic content, illitic clay content, or the presence of zircon
(Wani and Mondal, 2011; Uysal and Golding, 2003; Condie, 1991). Those samples with REE
patterns with negative slopes (LREEs>HREES), such as the Lewis Shale, are likely reflecting the
REE composition of clastic detrital materials.
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Figure 5: REE concentrations of shale samples collected at the Core Research Center
normalized to the North American Shale Composite (NASC) (Gromet et al., 1984). Normalizing
values are provided in the X-axis; Y-axis is logarithmic and unitless due to normalization. While



most samples follow the NASC trend, some are enriched in HREE and nearly all Wyoming shales
have a Dy and Gd enrichment.

Samples from sandstone reservoir basins have typical clastic sediment REE patterns
(Kritsananuwat, et al. 2014; Condie 1991), with LREE enrichment relative to HREE (Figure 6).
Most sandstone samples -- including those from the Almond, Fort Union, Lance, Shannon,
Frontier, and Parkman formations -- have total REE values lower than NASC. This is expected
of a detrital sediment with a high percentage of non-REE bearing minerals such as quartz. One
Frontier Formation sample has total REE enrichment relative to NASC, and a few Muddy and
Turner formation samples have slightly elevated concentrations of LREEs relative to NASC.

One Frontier Formation sample has increased MREE concentrations compared to NASC. This
increase may indicate hydrothermal deposition of REEs in a redox boundary of the sediment, or
a mineral control that is different than other sandstone samples. Additionally, a single Muddy
Formation sample exhibits a steeper decreasing slope from LREEs to HREEs compared with
other Muddy Formation samples. This is likely indicative of a mineral component, such as
monazite, increasing the LREE concentration.

Madison Limestone is the only carbonate lithology assessed in this study (Figure 6). All
carbonate samples are depleted in total REEs and have flatter overall NASC normalized REE
patterns. There are two groupings of REE concentrations in the Madison samples. Three of the
ten samples have relatively flat REE NASC normalized profiles, and the remaining samples have
variable saw-tooth patterns and lower REE concentrations. This may represent groups of
carbonates that have different rock/water interaction variables, although analytical variability
cannot be currently removed from consideration.
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Figure 6: REE concentrations of sandstone, carbonate, and basement samples collected at the
Core Research Center normalized to the North American Shale Composite (Gromet et al., 1984).
Normalizing values are provided in the X-axis; Y-axis is logarithmic and unit-less due to
normalization. Note that most sandstones have a light to heavy REE depletion profile (relative to
NASC), and that carbonates have distinctly low REE profiles.

Rock Samples Associated with Geothermal Waters in Idaho

Several lithologies were identified as host reservoirs to the geothermal water samples collected
from Idaho hot springs. Like oil and gas samples, all samples have been normalized to NASC
(Gromet et al., 1984) for comparative analysis (Figure 7). Diversity of rock types in this
evaluation has resulted in a wide variety of REE behaviors.

In general, basalt samples behave predictably (Condie, 1993). They cluster as a group and have
positive Eu anomalies and slightly enriched HREEs. They are relatively enriched in total REEs
compared to NASC. Despite variable hydrothermal alteration of these samples from relatively
fresh to highly altered, they generally behave as single group. This initially suggests that most
REEs have not been mobilized from these samples.

Rhyolite samples are less constrained, forming three REE profile types. Some samples have a
typical rhyolite REE behavior (Condie, 1993), with enriched total REE concentrations and minor
negative Eu anomalies. LREEs are slightly enriched, resulting in a negatively sloped REE trend.
With respect to this study, it is important to note the REE trend exhibited by the altered rhyolite
sample. This sample is similar in composition to the typical rhyolites described above, but has



undergone significant alteration from geothermal fluids. This has resulted in a negative Eu
anomaly. The remaining REE concentrations are enriched with respect to other rhyolite samples.
This is expected when other whole-rock constituents or mineral species have been removed via
hydrothermal alteration. The relative enrichment in LREE and HREE is evidence of these
species remaining in the host rhyolite after alteration.

Idaho sandstone/quartzite host rocks have atypical REE trends. All quartzite samples are
relatively depleted in total REEs when compared to NASC. Two hydrothermally altered samples
have the lowest concentration of total REE of the Idaho suite. This is direct evidence of
metasomatic alteration of REE minerals/compositions. Unaltered samples corresponding to these
REE depleted samples were not found, so inferences of REE removal via hydrothermal alteration
can only be suggested at this time. The significant negative Eu anomalies of the two depleted
samples hint at hydrothermal alteration, but again, unaltered host rock will need to be evaluated
before determination of this behavior. The remaining sandstone/quartzite samples appear to be
similar to typical sandstones evaluated elsewhere and exhibit relatively greater LREE
concentrations compared to HREES, resulting in a negatively sloped REE profile.

Both a granite and granodiorite were evaluated for REE concentrations. They do not show
evidence of hydrothermal loss of specific REE, and have typical REE behaviors (Condie, 1993).
It is likely that hydrothermal waters sourced from these rocks have limited water/rock
interaction. This is typical of jointing in basement rocks where hydrothermal fluid is restricted
along conduits.

Alluvial fan deposits and travertine sourced from hydrothermal waters flowing through those
deposits were sampled for REE concentrations. Results are inconclusive due to trace
concentrations, but initial observation suggests travertine samples have a relative depletion in
total REEs when compared to alluvial fan deposits and underlying rhyolites. REEs are likely not
being dissolved from rock into fluid in significant concentrations in this particular system.
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Figure 7: REE concentrations of Idaho rock samples collected in the field and normalized to the
North American Shale Composite (Gromet et al., 1984). Normalizing values are provided in the
X-axis; Y-axis is logarithmic and unitless due to normalization. REE concentrations of this
sample set vary; notable conclusions include the low concentration of REE in quartzite samples
(potentially indicative of REE solubilization) and Eu-enriched and Eu-depleted rhyolites.

Preliminary Results

Preliminary assessment of the relation of REE concentration to specific chemical elements
indicates some correlations. Yttrium (YY), commonly used as a proxy for REE behavior, has an
expected positive correlation to total REE concentrations in both CRC and Idaho samples
(Figure 8). A “better fit correlation” is recorded between Thorium (Th) and total REE
concentrations of all samples (Figure 9). This correlation may relate to a REE-bearing mineral(s)
with a Th component that also contributes a majority percentage of total REE. In both oil and gas
reservoir rocks and Idaho samples, monazite is a likely source because it is a common accessory
mineral in sediments and a trace mineral in igneous rocks. Thorium is measured using the
gamma log curves, and log response could be further analyzed for the development of a
predictive tool for REE concentrations in oil and gas reservoirs. It is important to note that
monazite is enriched with respect to LREEs instead of HREEs, suggesting additional influence
from HREE minerals. Another common accessory mineral, zircon, also harbors REE in its
structure. Figure 10 shows a weak correlation between Zirconium (Zr) and total REE
concentrations (more so in Idaho samples), suggesting some influence of this mineral in total
REE concentrations. Unlike monazite, zircon prefers HREEs to LREEs in its crystal structure.
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The impact of weathering on REE concentrations is assessed using the Chemical Index of
Alteration developed by Nesbitt and Young, 1982 (Figure 11). Additional analysis will be

necessary relative to individual lithologies, as no trend is apparent with singular groupings
(Figure 11).

11
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Figure 8: Bivariate plot of Y versus REE concentrations, in ppm, of oil and gas reservoir

samples from the Core Research Center (CRC) and igneous and metasomatic rocks associated

with geothermal springs in Idaho.

600 - Th vs REE (ppm)
500 - *
400 -+ o*
€
s 300 -
o CRC Samples
w L 4
o ¢ Idaho Samples
200 - ¢ *
*
$
¢ .
100 - .
.
*
O "0 T T T T T T T T 1
0 5 10 15 20 25 30 35 40 45
Th (ppm)

Figure 9: Bivariate plot of Th versus REE concentrations, in ppm, of oil and gas reservoir

samples from the Core Research Center (CRC) and igneous and metasomatic rocks associated

with geothermal springs in Idaho.

12



o0 Zr (ppm) vs REE
CRC Samples
500 - . # |daho Samples
_ 400 -~ o
£
Q
£ 300 -
v .
o
200 - »®
*
o
100 - o
®
.
0 " ’ T T T T T T 1
0 200 400 600 800 1000 1200 1400
Zr (ppm)

Figure 10: Bivariate plot of Zr versus REE concentrations, in ppm, of oil and gas reservoir
samples from the Core Research Center (CRC) and igneous and metasomatic rocks associated

with geothermal springs in ldaho.
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Figure 11: Bivariate plot of the Chemical Index of Alteration (after Nesbitt and Young, 1982)
versus REE concentrations, in ppm, of oil and gas reservoir samples from the Core Research
Center (CRC) and igneous and metasomatic rocks associated with geothermal springs in ldaho.

Some of the differences in reservoir rock mineral compositions and distributions are shown in
Figures 12 (a and b) and 13 (a and b). The mineralogical differences due to hydrothermal
alteration are displayed by Figures 12a and b. Both rock samples are porphyritic rhyolites from
Idaho, though hydrothermal fluids have altered the sample in Figure 12b. This has resulted in
degradation of reactive minerals, such as plagioclase and the formation of clay minerals. Figures
13a and b portray different lithologies from oil and gas reservoirs. The Muddy Formation is a
typical immature Cretaceous sandstone (Figure 13a), with multiple generations of cements and
numerous reactive minerals. This sample has a “sandstone typical” REE pattern of LREE>HREE
(Figure 6), likely due to monazite as a primary accessory mineral. The sample of the Mowry
Shale has a larger silt component than other shales (Figure 13b), but also contains organics in its
matrix (typical of shale versus sandstone). The organics and/or illite clays likely contribute to the
enrichment of MREE and HREE in the CRC samples (Figure 5).

14



Figures 12a and b: Figure 12a (top) shows a thin
section of sample 17IDO5A, a porphyritic rhyolite
collected in Idaho. Figure 12b (bottom) shows a thin
section of sample 17ID15, an altered porphyritic
rhyolite sampled in Idaho. Note the relatively
unaltered plagioclase, the significant mineral source
of Eu, in Figure 12a relative to 12b.

Figure 13a and b: Figure 13a (top) shows a thin section
of sample D839, Muddy Formation, 8,204, which was
collected at the USGS Core Research center. Figure 13b
(bottom) shows a thin section of sample W075, Mowry
Shale, 10,646.5’ that was collected at the USGS Core
Research center. Note the heterogeneity of detrital
clasts and cements in the immature sediments of the
Muddy. Relative to the sandstone, the Mowry Shale
has a high organic component and finer grains.

15



Attachments

Appendix A and B contain the geochemical data analyzed from these samples.
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Appendix A

Major oxides
Major Oxide Whole Rock Geochemistry (1/4)

Si02 Al203 Fe203 CaO Mg0 Na20 K20 Cr203 TiO2 MnO  P205 Sr0 BaO LOI Total
Sample 1D (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
C233-8615.5 70.2 271 2.89 8.62 3.36 0.25 055 <0.01 0.08 0.04 0.13 0.01 0.03 11 99.87
C233-8790.5 85.6 2.82 2.59 2.84 1.67 0.22 041 <0.01 0.21 0.04 019 <001 0.12 4.32 101.03
5462-7431 81.4 4.02 1.94 3.53 2.04 0.07 0.83 <0.01 0.11 0.02 0.2 <0.01 0.01 6.11 100.28
C233-11919.5 86.9 4.71 1.96 2.13 0.79 0.28 0.85 <0.01 0.2 0.06 0.12 0.01 0.03 3.46 101.5
A648-6140 781 1355 141 0.07 0.26 0.21 1.07 0.01 1.11 0.01 0.02 0.01 0.03 4,71 100.57
A648-6143 75.2 14.7 2.09 0.06 0.31 0.18 1.24 0.01 1.11 0.01 0.02 0.01 0.02 5.03 99.99
W074-11986 82 9.34 2.63 0.17 0.65 1.27 1.07 0.01 0.62 0.01 0.02 0.01 0.03 3.36 101.19
E173-12218 80.3 5.2 6.98 3.26 1.04 0.64 015 <0.01 0.13 0.03 1.1 0.02 0.03 3.09 101.97
E173-12227.5 86.8 6.05 3.62 0.35 0.56 1.31 0.6 <0.01 0.4 0.02 0.08 0.01 0.03 1.55 101.12
WO075-10650 73 8.53 2.77 5.16 0.78 1.19 1 0.01 0.46 0.16 0.02 0.01 0.03 7.28 100.4
E124-10108.5 85.2 3.7 4.2 2.08 0.45 0.7 0.26 <001 011 0.02 0.3 0.01 0.11 242 99.56
A029-7321.5 62 7.91 331 9.75 1.92 1.55 1.48 <0.01 0.29 0.12 0.12 0.03 0.04 10.35 98.87
E183-10643.5 77.7 6.41 4.65 3.09 1.98 1.41 0.82 0.01 0.22 0.05 0.15 0.01 0.04 4.6 101.14
GA18-24785-24800 87.3 2.46 411 2.63 0.43 0.05 1.72 0.01 0.2 0.04 0.03 0.01 0.21 1.82 101.02
GA18-24700-24715 88.9 2.45 2.02 1.93 0.63 0.05 157 <0.01 0.24 0.02 0.04 0.01 0.1 2.33 100.29
GA18-23505-23525 85.6 3.54 3.11 1.95 0.86 0.12 1.63 0.01 0.2 0.02 0.04 0.01 0.33 2.65 100.07
T932-10344 83.2 6.96 1.25 1.99 0.91 1.37 0.85 <0.01 0.15 0.03 0.09 0.01 0.02 3.64 100.47
T932-10340 87 6.38 1.34 0.89 0.49 1.33 0.73 <0.01 0.13 0.02 0.1 0.01 0.02 2.25 100.69
T932-10323 59.7 16.45 554 1.68 2.21 0.96 3.05 0.01 0.6 0.03 0.16 0.02 0.07 10.2 100.68
T932-10294 60.7 16.5 5.15 1.59 2.2 1.16 3.28 0.01 0.6 0.03 0.18 0.02 0.07 8.89 100.38
D839-8195 80 8.38 3.62 1.26 0.29 3.13 1.33 0.01 0.66 0.04 0.33 0.01 0.11 1.23 100.4
D839-8217 78.1 10.1 3.13 1.11 0.55 3.14 198 <0.01 0.23 0.03 0.21 0.01 0.08 2.13 100.8
D904-4582 60.9 4.65 1.48 14.8 1.37 0.77 136 <0.01 0.29 0.09 0.25 0.04 0.04 13.25 99.29
D904-4568 60.1 9.4 2.95 7.79 3.39 1.04 241 0.01 0.45 0.04 0.27 0.02 0.05 10.95 98.87
D904-4558 62.3 8.66 2.42 7.72 3.38 1.08 2.15 0.01 0.44 0.03 0.27 0.02 0.05 10.55 99.08
B209-6185 76.4 10.6 3.2 1.2 1.41 31 139 <0.01 0.31 0.02 0.14 0.02 0.08 2.99 100.86
B209-6676 88.2 6.64 2.09 0.26 0.37 0.61 091 <0.01 0.16 0.02 0.05 0.01 0.02 2.2 101.54
D037-7499 1.69 0.13 0.7 30.7 21 0.03 0.03 <0.01 0.01 0.03 0.01 <001 <0.01 459 100.23
D037-7496 1.31 0.1 0.76 30.1 20.6 0.04 0.02 <001 0.01 0.03 0.03 <001 0.01 45.9 98.91

Major Oxide Whole Rock Geochemistry (2/4)

Si02 Al203 Fe203 CaO Mg0 Na20 K20 Cr203 TiO2 MnO  P205 Sr0 BaO LOI Total
Sample ID (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
D037-7504 1.47 0.08 0.59 30.6 211 0.05 0.02 <0.01 <0.01 0.02 0.01 <001 0.01 45.9 99.85
D037-7536 2 0.18 3.92 293 20.2 0.06 0.06 0.01 0.01 0.04 0.01 0.01 0.03 42.6 98.43
D037-7538 4.2 0.38 0.66 29.6 201 0.05 012 <0.01 0.02 0.01 0.04 0.01 <0.01 445 99.69
D037-7593 1.02 0.09 0.23 30.3 21.2 0.06 0.02 <0.01 <001 0.01 0.01 <001 021 46.1 99.25
D037-7581 0.69 0.05 0.71 309 21.2 0.05 0.02 <001 <001 0.01 0.02 0.01 0.02 45.7 99.38
E173-12224 81.1 7.01 36 1.1 0.57 2.08 0.81 <0.01 0.46 0.03 0.17 0.01 0.02 1.81 98.77
E173-12230 84 6.01 5.56 0.57 0.94 1.27 0.35 <0.01 011 0.02 0.07 0.01 0.02 2.09 101.02
E173-12232 84.5 6.24 4.78 0.51 0.87 1.34 049 <0.01 0.13 0.02 0.11 0.01 0.02 1.92 100.94
5462-7416 80.8 2.95 2.77 3.93 2.28 0.05 0.55 <0.01 0.1 0.03 0.22 <001 0.04 6.99 100.71
5462-7428 83.8 3.29 1.8 3.78 2.1 0.05 0.6 <0.01 0.07 0.02 0.2 <0.01 0.01 6.06 101.78
W075-10646.5 73.2 1095 5.28 0.38 1.21 1.21 1.59 0.01 0.48 0.03 0.1 0.01 0.04 4,98 99.47
WO075-10657.5 79.5 8.34 3.25 1.45 0.85 1.2 0.98 0.01 0.5 0.04 0.05 0.01 0.04 4.21 100.43
WO075-10663 743 12.25 282 0.2 0.94 1.34 1.72 0.01 0.64 0.01 0.08 0.01 0.04 5.76 100.12
E815-9182 64.5 12.7 3.92 3.19 1.97 0.85 2.73 0.01 0.58 0.02 0.23 0.02 0.07 7.69 98.48
E815-933 65.7 15.2 3.68 1.52 2.15 0.8 3.24 0.02 0.7 0.01 0.18 0.02 0.09 8.41 101.72
E815-9140 67.3 14.05 3.99 1.28 1.9 0.83 297 0.02 0.66 0.02 0.15 0.02 0.08 7.6 100.87
E815-9164 64.9 15,65 4.15 1.24 2.02 0.83 3.36 0.02 0.7 0.02 0.17 0.02 0.09 8.32 101.49
E815-9190 74.9 9.66 3.88 2.77 1.47 1.39 1.62 0.01 0.42 0.02 0.2 0.02 0.06 5.38 101.8
E815-9199 71.1 1065 361 3.25 1.93 1.39 1.97 0.01 0.5 0.02 0.23 0.02 0.05 6.66 101.39
E815-9202 656 11.75 464 2.92 2.27 1.35 2.27 0.01 0.5 0.03 0.23 0.02 0.05 7.52 99.16
E815-9218 72.5 10.1 333 3.24 2.08 1.45 1.78 0.01 0.51 0.02 0.25 0.02 0.05 6.47 101.81
A029-7299.85 72.1 10.5 3.82 2.43 2.03 1.83 1.65 0.01 0.38 0.04 0.13 0.01 0.04 5.64 100.61
A029-7310.5 523 5.79 294 17.4 1.56 1.16 1.31 0.01 0.31 0.16 0.12 0.04 0.03 15.4 98.53
A029-7317 72.2 8.6 3.83 3.86 2.21 1.65 1.73 0.01 0.41 0.05 0.13 0.02 0.04 6.15 100.89
E124-10113 87.8 3.65 4.26 1.54 0.43 0.69 027 <0.01 0.1 0.02 0.16 0.01 0.08 2.37 101.38
E124-10116 83 7.6 2.28 1.17 0.63 1.62 1.15 0.01 0.47 0.02 0.21 0.01 0.03 3.54 101.74
E124-1025 79 8.89 2.67 1.7 1.12 1.63 1.44 0.01 0.43 0.02 0.18 0.02 0.04 4.25 101.4
E124-10135.5 67.4 5.89 337 1125 0.58 1.46 0.65 <0.01 0.15 0.06 0.18 0.05 0.03 10.2 101.27
A648-6136.5 92.6 4.51 1.4 0.04 0.07 0.08 0.06 <0.01 0.88 0.01 0.02 <0.01 0.02 1.82 101.51




Sample ID
Ab48-6143
A648-6146
T932-10342
T932-10350
T932-10359
E183-10616
E183-10624.5
E183-10647
B209-6175
B209-6189
B209-6697
B209-6708
D839-8192.5
D839-8200
D839-8204
D839-8210
D904-4541.5
D904-4547
D904-4553.5
D380-2058
D380-2060
D380-2061

Major Oxide Whole Rock Geochemistry (3/4)

Si02 AI203 Fe203 Ca0O MgO Na20 K20 Cr203 TiO2 MnO P205 SrO BaO LOI Total

(%) (&) (6) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

96.7 1.4 211 0.04 0.14 0.05 0.25 <0.01 0.35 0.03 0.03 <0.01 0.01 0.45 101.56
794  8.08 4.62 0.11 076 017 134 001 0.62 011 0.02 001 002 457 99.84
64.6  5.22 298 8.98 3.44 0.9 053 <001 013 0.08 0.06 0.02 001 12.9 99.85
86.5 5.77 142 0.54 0.25 1.27 065 <0.01 0.1 0.02 0.05 0.01 0.03 1.92 98.53
84.1 3.28 213 3.83 1.44 032 0.65 <0.01 017 0.08 0.17 0.01 003 5.65 101.86
79.3 6.71 3.41 2.59 175 158 086 001 0.24 0.03 0.14 0.02 004 464 101.33
76.8 823 3.04 2.08 1.34 1.83 118 001 0.29 0.02 0.12 0.02 005 407 99.08
704 656 3.26 5.5 22 1.28 091 0.01 0.31 0.07 0.14 0.03 004 7.64 98.35
53.7 758 1.72 16.4 0.68 2.26 12 <0.01 021 0.2 0.11 0.03 005 143 98.44
74.3 9.42 3.28 2.34 1 3.04 116 <0.01 0.3 0.03 0.14 0.02 0.08 3.69 98.8

804 542 1.76 4.2 0.34 0.6 0.76 <0.01 0.17 0.05 0.1 0.02 0.02 5 98.84
80.5 3.66 1.83 6.88 0.23 0.2 0.5 <0.01 0.15 0.05 0.11 0.02 0.02 6.61 100.76
66.2 8.26 1.73 9.17 0.27  3.01 148 <0.01 0.2 0.16 0.2 0.03 008 7.8 98.59
79.2 8.99 3.23 0.98 0.42 3.03 161 <0.01 018 0.03 0.19 0.01 0.09 1.86 99.82
79.5 9 2.09 1.23 0.35 3.13 17 <0.01 021 0.03 0.2 0.02 0.09 1.86 99.41
763 1095 451 0.83 0.83 3.05 209 <001 029 0.04 0.24 0.02 0.11 2,51 10177
70.3 7.52 262 5.75 3.09 1.39 163 <0.01 029 0.03 0.21 002 009 873 101.67
67.4 7.5 2.5 6.16 3.37 1.38 1.5 001 0.3 0.03 0.25 0.02 008 956 100.15
424 525 1.81 22,6 3.37 099 118 <0.01 0.27 0.05 0.19 0.04 004 21.2 99.39
998 051 0.65 299 1775 0.03 017 <0.01 0.04 0.04 0.02 0.01 <001 421 101.2
7.93 1.36 0.56 29.6 1885 0.04 043 <0.01 0.06 0.03 0.03 0.01 <001 425 101.4
6.47 138 0.8 30.4 1845 0.04 044 <0.01 0.06 0.03 0.01 0.01 <001 425 100.59
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Trace Elements

Sample ID
C€233-8615.5
C233-8790.5
$462-7431
€233-11919.5
A648-6140
A648-6143
W074-11986
E173-12218
E173-12227.5
WO075-10650
E124-10108.5
A029-7321.5
E183-10643.5
GA18-24785-24800
GA18-24700-24715
GA18-23505-23525
T932-10344
T932-10340
T932-10323
T932-10294
D839-8195
D839-8217
D904-4582
D904-4568
D904-4558
B209-6185
B209-6676
D037-7499
D037-7496

Sample ID
D037-7504
D037-7536
D037-7538
D037-7593
D037-7581
E173-12224
E173-12230
E173-12232
S462-7416
$462-7428
WO075-10646.5
WO075-10657.5
WO075-10663
E815-9182
E815-933
E815-9140
E815-9164
E815-9190
E815-9199
E815-9202
E815-9218
AD29-7299.85
AD29-7310.5
A029-7317
E124-10113
E124-10116
E124-1025
E124-10135.5
AB48-6136.5

Trace Element Whole Rock Geochemistry (1/4)

Ba Cr Cs Ga Hf Nb Rb Sn Sr Ta Th u Y W Y Zr

(ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
303 20 0.44 3.2 1.9 2.3 16.6 <1 713 0.2 243 093 19 1 7.9 71
1110 30 0.47 32 18.5 5.7 14.3 1 45.5 0.4 579 252 14 1 161 798
125 20 0.61 4.4 3 2.8 221 1 41.8 0.2 3.72 1.3 19 1 116 122
240 30 1.23 5.6 4.3 5.8 315 1 54.3 0.4 4.51 1.64 30 1 12.8 177
243 60 6.77 189 186 21.7 51 3 60.5 1.5 18,55 3.74 87 2 29.2 753
177 70 284 121 294 203 518 2 69.3 15 1625 526 56 2 50.7 1175
294 50 269 105 123 155 439 2 91.2 1 9.22 482 50 2 323 482
316 30 0.48 75 2.3 4.9 5.6 1 222 0.4 6.01 35 86 <1 48.2 82
244 30 0.87 6.7 24 4.8 206 1 78 0.4 505 154 75 1 117 92
256 40 2.86 109 7.8 129 429 2 121 0.9 832 399 45 2 337 292
962 30 0.6 4.5 2.2 4.2 9.9 1 97.2 04 478 147 62 <1 20.2 87
363 30 18 84 58 6.9 50.2 1 266 0.6 655 198 36 1 235 220
358 40 1.43 8.1 4.2 5.5 329 1 141 0.4 466 153 62 2 16.5 161
1915 40 0.64 33 4 4.4 29.9 1 108 0.1 502 121 14 19 5.8 148
880 20 0.67 35 6.1 4.2 27.8 1 86.4 0.2 517 2.38 24 20 8.8 226
3060 60 1.32 4.8 4.2 3.7 377 1 1035 0.2 314 119 35 28 6.8 160
164 30 2.69 8.1 19 4 313 1 98.7 0.1 328 1.09 29 1 8.6 69
149 20 2.71 7.2 2.2 33 27.7 1 80.3 0.1 337 1.09 30 1 8.7 78
626 90 11.65 219 4.1 13.6 1435 2 192 0.8 1385 46 179 2 283 140
632 80 121 21.7 4.1 14.1 150 2 188.5 0.9 13.8 384 169 2 26.9 139
1005 50 3.34 9.4 216 203 489 1 139 0.8 16.5 333 32 2 223 908
700 30 535 1238 4.8 10.6 814 2 1315 06 9.19 273 38 1 18.9 174
330 30 5.39 5.6 8 7.1 48.7 1 345 04 5.27 225 28 1 17.1 309
463 50 9.38 126 6.3 11.8 100.5 2 170 0.7 9.57 349 81 1 213 226
436 50 772 111 9.3 11.2 834 1 156 0.7 8.85 3.53 64 1 205 359
688 30 234 132 3.1 6.9 50.2 1 161.5 04 5.37 1.45 54 1 13.1 115
216 20 1.33 8 2.1 4.5 329 1 84.3 0.2 4.66 13 27 1 10.2 72
58 20 005 0.2 <0.2 <0.2 1.1 1 30 <01 0.05 019 <5 <1 2 2

60.2 20 0.03 0.2 <0.2 <0.2 0.7 1 46 <01 005 063 7 1 3.3 0.1

Trace Element Whole Rock Geochemistry (2/4)

Ba Cr Cs Ga Hf Nb Rb Sn Sr Ta Th u Y W Y Zr

(ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
129.5 20 0.02 0.1 <0.2 <0.2 0.7 <1 415 <01 005 148 5 1 2.6 0.1
263 50 0.1 0.5 <0.2 <0.2 19 2 536 <01 005 067 9 1 2.2 2

373 20 0.23 0.8 <0.2 <0.2 4.1 <1 58.2 0.1 01 135 11 1 33 6

1970 30 0.09 0.1 <0.2 <0.2 09 <1 409 <01 0.05 <0.05 <5 1 4.4 0.1
151.5 10 0.04 0.1 <0.2 <0.2 0.6 <1 53.7 <01 0.05 1 5 <1 4.5 0.1
231 30 1.14 8 11.5 12.4 291 1 1215 08 887 241 45 21 14.8 505
208 30 059 7.8 1.8 3.8 126 1 78 0.4 455 12 72 1 7.7 77
207 30 0.67 7.8 2.2 4.8 16.3 1 819 0.4 529 149 74 <1 11.8 82
364 20 0.22 2.8 2.2 1.7 146 1 35.4 0.2 293 098 13 1 9.1 90
103 20 0.29 3.2 29 1.9 15.7 1 328 0.2 317 107 16 <1 10.6 119
365 50 438 131 9.3 148 678 2 116 1.1 1285 6.12 59 2 313 350
319 50 269 105 9 14.1 417 2 101 1 8.71 3.6 52 2 253 345
364 50 491 155 81 214 72 3 1185 1.5 1615 728 69 3 39.7 297
578 70 6.77 158 6.5 13.8 107 2 171.5 1 10.85 3.53 140 1 22 245
757 100 851 185 5.2 16 1315 2 148 1.1 1235 521 181 2 243 193
739 110 796 1738 6 6.1 123 2 147 1.1 122 459 180 2 254 227
771 100 9.16 194 5.4 16.7 135 2 148.5 1.2 1275 474 195 2 24.8 188
488 50 3.2 113 101 104 583 1 157 0.8 886 281 86 1 19.9 414
426 50 4.22 13 11 123 729 2 160 09 1045 347 91 1 215 452
440 60 4.84 14 7.1 12.7 811 2 143 1.1 11 3.36 95 2 21.5 276
424 50 3.56 12 11 121 637 1 1445 09 9.59 311 94 1 214 457
355 50 241 105 7.1 8.1 57.7 2 1135 0.7 8.1 222 59 2 19.4 270
303 40 1.63 6.9 7.2 7.8 45.9 1 305 0.7 6.7 1.93 30 2 19.6 285
343 50 2.45 10 8.4 9.4 63.1 2 1415 038 893 281 48 2 231 316
664 30 0.48 45 1.5 3.4 9 1 86.2 0.3 4.67 1 62 1 12.6 59
294 30 1.27 7.8 22 10.8 346 1 1145 0.8 1015 3.02 55 1 18.6 %40
322 40 221 107 118 105 487 1 1255 0.8 9.29 288 67 1 19.6 491
225 30 0.84 6.6 2.7 5.3 21.2 1 375 0.5 6.28 148 94 1 14.2 104
1335 30 0.29 5.6 17 16.1 2.3 2 20.7 1.2 1145 281 25 2 20.4 703
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Sample ID
A648-6143
A648-6146
T932-10342
T932-10350
T932-10359
E183-10616
E183-10624.5
E183-10647
B209-6175
B209-6189
B209-6697
B209-6708
D839-8192.5
D839-8200
D839-8204
D839-8210
D904-4541.5
D904-4547
D904-4553.5
D380-2058
D380-2060
D380-2061

Trace Element Whole Rock Geochemistry (3/4)

Ba cr Cs Ga Hf Nb  Rb sn Sr Ta Th U v w Y zr
(ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (PPmM)
s67 20 041 22 12 58 88 1 251 05 421 191 16 1 155 494
1865 40 342 107 62 116 571 2 57 09 748 319 63 1 264 240
125 10 061 55 16 31 182 <1 163 03 236 073 24 <1 88 62
240 20 06 63 14 27 24 1 705 02 253 076 22 1 7.2 57
27 20 079 35 52 42 213 1 873 02 287 128 30 1 104 204
346 40 145 74 45 58 332 1 131 03 439 145 74 1 146 166
450 40 222 107 39 7 486 1 178 04 539 175 101 1 159 146
376 40 182 79 5.8 7 363 1 236 04 506 188 81 1 209 221
406 20 143 84 24 51 373 1 281 03 327 115 41 1 125 9
638 30 161 98 45 67 401 1 205 04 431 139 51 1 147 169
174 20 101 56 38 49 265 1 1365 03 3.8 119 30 1 1 152
1405 20 065 39 53 38 162 1 1695 0.2 3.03 094 22 1 96 217
698 30 125 93 39 83 529 1 238 04 625 181 35 1 209 151
718 30 124 96 34 83 552 1 1155 04 564 178 37 2 15 128
725 20 141 92 38 88 593 1 1285 04 64 2 37 1 159 150
857 30 194 134 58 129 788 2 1125 08 103 312 47 2 206 219
687 30 251 85 61 81 518 1 134 05 586 288 57 1 144 233
622 30 257 85 73 85 523 1 132 05 62 307 60 1 151 280
289 20 214 57 66 71 374 1 3200 04 502 236 46 1 133 259
132 20 027 08 06 07 47 2 872 <01 043 078 21 <1 21 23
214 20 083 17 03 1 132 1 692 <01 081 049 21 <1 23 11
23 20 08 18 03 11 138 1 777 <01 085 053 24 <1 26 11
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Rare earth Elements

Sample ID
C€233-8615.5
C233-8790.5
$462-7431
€233-11919.5
A648-6140
A648-6143
W074-11986
E173-12218
E173-12227.5
WO075-10650
E124-10108.5
A029-7321.5
E183-10643.5
GA18-24785-24800
GA18-24700-24715
GA18-23505-23525
T932-10344
T932-10340
T932-10323
T932-10294
D839-8195
D839-8217
D904-4582
D904-4568
D904-4558
B209-6185
B209-6676
D037-7499
D037-7496

Sample ID
D037-7504
D037-7536
D037-7538
D037-7593
D037-7581
E173-12224
E173-12230
E173-12232
5462-7416
5462-7428
WO075-10646.5
WO075-10657.5
W075-10663
E815-9182
E815-933
E815-9140
E815-9164
E815-9190
E815-9199
E815-9202
E815-9218
A029-7299.85
A029-7310.5
A029-7317
E124-10113
E124-10116
E124-1025
E124-10135.5
A648-6136.5

Rare Earth Element Information (1/4)

La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu

Formation (pem) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
Fort union 111 182 218 88 141 03 135 018 116 025 059 008 063 009
Fort union 184 322 392 147 268 057 223 039 255 051 16 028 179 033
Fort union 172 289 363 14 269 063 232 036 206 04 101 015 077 012
Lance 215 37.7 4.44 16.9 2.94 0.76 2.62 0.37 2.29 0.46 1.23 0.19 1.16 0.18

Niobrara 28.1 45.9 4.94 17.9 3.16 0.77 3.55 0.73 4,88 1.04 3.21 0.53 333 0.56
Niobrara 503 95 1095 414 827 147 687 14 834 18 544 095 584 097
Niobrara 38.8 77.2 8.68 329 6.62 1.11 577 0.99 5.62 1.13 33 0.55 3.38 0.53
Frontier 616 1175 133 519 105 251 10 145 794 161 387 06 318 045
Frontier 229 391 449 172 302 073 242 036 216 041 105 018 108 018
Mowry 348 675 745 277 535 108 556 099 559 112 322 051 292 044
Turner 313 578 645 254 471 121 425 062 355 065 169 02 141 019
Parkman 245 482 566 219 443 099 412 068 404 082 231 034 203 031
Shannon 178 357 454 186 415 108 397 059 305 058 158 019 124 017
Granite 164 34 352 126 216 034 153 02 104 022 065 009 059 009
Granite 155 362 372 138 257 043 19 029 161 031 097 014 101 018
Granite 81 169 191 75 153 03 121 019 115 025 074 011 084 012
Almond 14 256 306 111 202 054 173 026 14 03 08 011 085 0.4
Almond 142 274 338 129 255 063 21 031 162 03 08 013 086 012
Lewis 404 755 924 344 649 132 557 082 473 099 281 041 27 041

Lewis 391 725 892 333 627 12 535 082 437 095 265 038 262 04

Muddy 786 132 145 501 743 15 508 069 347 077 218 029 205 037
Muddy 378 687 7.84 277 519 12 398 058 312 063 178 024 166 024
Cody 186 34 437 165 337 064 28 044 257 052 145 024 158 027

Cody 295 532 649 245 451 087 373 059 328 07 199 029 212 034

Cody 283 51.9 6.4 24.1 4.56 0.88 3.72 0.56 3.32 0.68 2 0.29 2.12 0.37

Baxter 23.6 45.2 5.34 20.3 4.07 1.05 3.2 0.43 2.3 0.45 1.21 0.17 1.06 0.16

Baxter 19.1 37.4 4,28 15.4 2.86 072 2.24 0.3 1.83 0.35 0.98 0.15 0.99 0.14

Madison 07 <05 021 06 021 <003 011 001 013 002 012 002 <003 002
Madison 14 <05 03 09 029 005 021 001 025 003 014 004 005 002

Rare Earth Element Information (2/4)

La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu

Formation (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
Madison 12 <05 026 07 026 004 012 <001 021 002 011 003 <003 0.02
Madison 1.2 <05 023 05 021 <003 013 <001 017 001 004 003 <003 0.02
Madison 2.9 17 049 14 03 007 024 <001 025 003 012 003 009 003
Madison 1 <05 022 06 018 <003 017 <001 02 003 016 003 005 0.03
Madison 1.3 <05 019 05 017 004 019 <001 027 003 016 004 005 0.02
Frontier 39 718 772 268 461 098 336 044 28 05 144 024 134 024
Frontier 203 346 394 132 242 058 161 021 138 023 075 014 067 0.1
Frontier 24.7 45.1 5.31 20 3.79 1.01 2.83 0.39 2.44 0.39 1.07 0.16 0.95 0.15
Fort Union 13.9 239 3.06 11.1 2.16 0.48 1.81 0.22 1.54 0.26 0.7 0.1 0.54 0.11
Fort Union 12.5 22 3.04 11.7 2.54 0.6 2.38 0.29 1.9 0.3 0.81 0.12 0.69 0.11
Mowry 38.6 783 9.18 34.1 7.13 1.17 6.01 0.81 5.32 1.07 33 0.47 3.18 0.52
Mowry 322 655 723 261 506 08 418 067 433 081 25 04 254 04
Mowry 52.5 107.5 11.85 43.7 8.68 1.41 7.14 1.09 6.9 1.34 3.95 0.63 4.02 0.59
Niobrara 34 66.2 7.64 28.2 5.44 1.1 4.14 0.6 3.99 0.81 2.14 0.34 2.16 0.36
Niobrara 383 741 871 32 614 123 475 07 424 084 269 04 247 042
Niobrara 381 732 871 321 62 117 483 071 448 088 275 043 251 04
Niobrara 39 748 878 317 612 118 457 068 435 087 269 042 258 041
Niobrara 298 581 671 242 475 108 3.8 056 337 066 193 032 191 031
Niobrara 346 668 765 281 54 107 417 061 372 075 233 033 216 037
Niobrara 324 655 759 279 56 122 469 065 42 073 214 035 208 037
Niobrara 298 573 69 257 491 108 412 057 358 07 211 033 214 033
Parkman 26 534 624 236 457 09 376 055 352 067 192 032 191 031
Parkman 255 52 6.1 224 425 08 347 052 341 064 202 03 188 031
Parkman 295 604 695 265 526 099 436 063 407 078 236 036 229 036
Turner 234 435 49 176 326 09 28 036 237 039 108 018 092 014
Turner 421 799 888 312 529 108 395 054 332 061 1.8 032 206 033
Turner 334 64.5 7.36 27.2 5.26 1.06 4.01 0.54 3.47 0.64 1.85 0.3 2 0.31
Turner 235 474 534 196 386 096 299 044 263 049 129 02 112 017
Niobrara 6.6 13.4 1.69 6.3 1.63 0.39 1.99 0.39 3.16 0.69 2.26 0.37 2.66 0.45
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Sample ID
A648-6143
A648-6146
T932-10342
T932-10350
T932-10359
E183-10616
E183-10624.5
E183-10647
B209-6175
B209-6189
B209-6697
B209-6708
D839-8192.5
D839-8200
D839-8204
D839-8210
D904-4541.5
D904-4547
D904-4553.5
D380-2058
D380-2060
D380-2061

Rare Earth Element Information (3/4)

La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu
Formation (pem) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
Niobrara 161 343 424 166 365 071 275 04 28 053 171 026 177 03
Niobrara 266 528 616 225 455 087 389 064 441 09 265 043 254 04
Almond 121 225 281 103 197 05 156 022 14 027 08 013 075 012
Almond 126 232 278 98 197 05 13 018 139 023 065 013 063 011
Almond 135 244 294 11 214 044 177 027 166 032 09 015 096 0.16
Shannon 169 349 434 174 379 081 362 048 273 052 133 02 122 018
Shannon 208 416 5 193 387 093 327 051 28 054 153 024 129 0.2
Shannon 206 415 508 20 443 098 394 06 345 067 18 028 17 025
Frontier 171 333 39 148 302 078 259 037 211 041 105 016 095 0.16
Frontier 217 422 48 187 368 097 307 043 255 048 134 02 123 019
Frontier 201 401 43 156 297 0.7 24 033 199 038 099 015 093 014
Frontier 21 377 402 138 239 054 184 026 159 03 0.8 014 089 0.14
Muddy 373 677 7.5 266 479 112 382 059 33 068 18 026 153 022
Muddy 291 526 598 217 402 097 305 046 257 048 134 019 123 019
Muddy 33 597 675 246 441 105 335 046 254 05 14 021 114 019
Muddy 454 835 915 333 565 121 421 061 341 066 195 028 178 0.25
Baxter 218 397 466 177 324 072 267 04 235 045 136 021 1.3 0.2
Baxter 238 431 513 19 341 076 276 044 248 048 144 021 146 024
Baxter 187 338 398 154 29 058 24 034 217 042 134 02 119 02
Madison 1.5 32 042 17 037 011 038 006 033 007 022 004 015 0.03
Madison 32 63 073 3 051 012 051 008 04 008 027 003 026 003
Madison 3.4 68 078 3 054 012 048 008 043 008 028 004 026 004
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Appendix B

Sample ID
171001
171002
171003
171004
17ID0OSA
17ID0SB
171006
171007
171008
171009
17ID10A
1710108
17ID11
171012
171013
17ID14A
171D4B
17ID15

Sample ID
171001
171002
171003
171004
17IDO5A
17ID05B
171006
171D07
171008
171D0S
17ID10A
17ID108
171011
171012
171013
171D14A
17ID4B
171015

Major Oxides
Major Oxide Whole Rock Geochemistry (4/4)
Si02 Al203 Fe203 Ca0 MgO Na20 K20 (Cr203 Ti02 MnO P205 SO BaO  LOI Total
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
98.9 0.29 0.43 0.04 0.04 0.01 0.07 0.01 0.02 0.37 0.01 <0.01 0.09 0.29 100.56
98.7 046 067 002 006 001 014 <001 002 001 001 <001 <001 021 100.29
68.9 101 365 373 0.8 313 32 002 051 008 021 002 012 604 100.51
981 133 143 486 015 021 049 <001 007 021 002 008 001 379 100.31
70 122 413 175 045 293 471 <001 05 006 009 001 013 22 99.16
725 124 345 143 031 315 5 <0.01 049 004 01 001 012 153 100.53
728 144 24 229 049 3561 342 <001 024 004 008 003 016 058 100.54
99 047 064 004 01 002 028 <001 012 001 001 <001 001 021 100.91
453 1415 146 984 7.24 224 032 005 262 019 045 003 023 144 98.7
46.7 1465 1465 975 747 253 069 004 257 02 048 003 004 -0.22 99.58
448 149 1255 972 561 249 075 004 267 021 052 003 004 387 98.2
438 148 144 976 539 248 06 004 258 017 043 003 005 411 98.64
46.6 1495 1335 1025 648 229 06 004 216 02 047 004 011 104 98.58
73.9 1215 296 129 022 3.0l 528 <001 026 005 007 003 009 167 100.98
654 153 436 416 209 33 267 001 065 007 019 006 01 155 99,91
823 671 245 279 048 006 209 001 041 002 027 <001 021 354 101.34
745 132 394 08 0.8 007 408 002 065 001 006 <001 041 334 101.88
645 1495 517 294 231 269 466 001 057 005 017 005 017 288 101.12
Trace Elements
Rare Earth Element Information (4/4)
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Formation (pom) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
quartzite 3.1 55 065 23 042 006 076 0.1 04 005 022 001 019 002
quartzite 3.3 59 068 25 055 005 048 007 031 004 02 002 013 002
alluvial fangravel 56,7 108.5 1225 472 867 165 666 098 581 118 321 049 302 0.51
travertine 94 154 19 71 121 021 101 014 09 015 043 006 049 0.09
rhyolite 844 1535 18 654 1255 205 105 158 1025 215 64 096 595 0.84
rhyolite 88 158 1845 67.6 124 201 1025 169 992 206 598 09 561 079
granite 463 752 812 285 434 1.1 298 042 22 039 109 016 09 013
quartzite 13 29 298 108 1.8 025 116 013 07 013 041 004 029 005
basalt 17 368 552 251 657 211 653 1 6.08 119 335 048 324 043
basalt 26 477 659 30 698 226 67 109 631 122 372 049 301 049
basalt 232 487 688 307 715 23 769 117 667 14 364 051 333 05
basalt 24 496 7.1 322 736 235 704 109 653 135 382 056 318 047
basalt 214 423 599 266 69 21 626 092 593 109 312 043 274 044
altered rhyolite 1205 205 241 851 1455 093 1145 187 1225 255 7.66 122 71 103
granodiorite 536 88 937 336 48 133 327 04 255 046 118 019 123 015
quartzite 219 344 45 169 304 066 276 042 256 053 141 019 143 02
quartzite 313 547 676 245 423 07 332 049 318 065 22 029 212 03
rhyolite 513 886 102 368 642 14 448 062 342 067 18 029 191 029
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Sample ID
171D01
171002
171D03
171004
17IDO5SA
17IDO5B
171006
171007
171D08
171009
17ID10A
17|D10B
17/D11
17|D12
171013
17ID14A
171048
171015

Rare Earth Elements

Rare Earth Element Information (4/4)

La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu
Formation (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
quartzite 3.1 55 065 23 042 006 076 01 04 005 022 001 019 002
quartzite 3.3 59 068 25 055 005 048 007 031 004 02 002 013 002
alluvial fangravel  56.7 108.5 1225 472 867 165 666 098 581 118 321 049 302 051
travertine 94 154 19 71 121 021 101 014 09 015 043 006 049 0.09
rhyolite 844 1535 18 654 1255 205 105 158 1025 215 64 096 595 084
rhyolite 88 158 1845 676 124 201 1025 169 992 206 598 09 561 0.79
granite 463 752 812 285 434 11 298 042 22 039 109 016 09 013
quartzite 13 29 298 108 18 025 116 013 07 013 041 004 029 0.05
basalt 17 368 552 251 657 211 653 1 608 119 335 048 324 043
basalt 226 477 659 30 698 226 67 109 631 122 372 049 301 049
basalt 232 487 688 307 715 23 769 117 667 14 364 051 333 05
basalt 24 496 7.1 322 736 235 704 109 653 135 382 056 318 0.47
basalt 214 423 599 266 69 21 626 092 593 109 312 043 274 044
altered rhyolite 1205 205 241 851 1455 093 1145 1.87 1225 255 766 122 71 103
granodiorite 536 88 937 336 484 133 327 04 255 046 118 019 123 0.15
quartzite 219 344 45 169 3.04 066 276 042 256 053 141 019 143 02
quartzite 313 547 676 245 423 07 332 049 318 065 22 029 212 03
rhyolite 513 886 102 368 642 1.4 448 062 342 067 1.84 029 191 029
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