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This report describes mineralogy, petrography, 

petrofabrics, and whole rock chemistry of fifteen 

samples from three cores from MU1 (Table 1).  This 

material  was delivered to the University of Wyoming 

on Dec. 9, 2014.  These samples were collected after 

mining operations were completed. 

I. METHODS: 

Sample Selection and Preparation:   1” – 2” sections of core were selected from each of the 15 

intervals.  A thin section billet approximately 20 mm X 40mm X 8 mm was cut from the core for use in 

preparing polished petrographic thin sections.  The balance of the selected portion was powdered for 

whole rock chemical analysis and for powder X-Ray diffraction analysis.   

Standard polished petrographic thin sections were prepared for each sample by Vancouver 

Petrographics (30 m thick, polished to 0.25 m diamond surface).   Some samples are so poorly 

indurated that they partially disaggregated during cutting.  In order to preserve the original petrofabric 

character of the samples to the maximum extent possible, all 15 samples were vacuum impregnated 

with epoxy before sending them out for thin section preparation.   

Sample not sent for thin section preparation was powder in a tungsten carbide shatter box.  A 10 – 15 

gram aliquot of the powdered material was sent to ALS for bulk chemical analysis.  Samples with known 

compositions were included as checks on the accuracy of the analyses. 

Remaining powdered samples were used for X-ray diffraction study.  Details of instrumentation, sample 

preparation, and operating conditions are discussed below in the X-ray diffraction section. 

Conventional Hand Sample Petrography:  Core samples were examined in their entirety using hand lens 

and dilute hydrochloric acid.  The advantage of this approach is that it enables examination of the 

largest possible fraction of the available material, and it also allows observation of properties that may 

not be apparent using more technologically sophisticated methods (e.g., color, degree of induration, and 

large-scale fabric features).    

Optical Petrography: Petrographic thin sections were examined in a polarizing microscope.  This 

examination confirmed quality of sample preparation, degree of heterogeneity of the samples, and 

general petrofrabric features of the sample.  Images of each thin section were created for use in 

recording details of later observations.   

Scanning  Electron Microscopy:  Polished samples were analyzed using two electron microscopes at the 

University of Wyoming.  Both methods utilize polished samples of rock from the cores; all samples are 

necessarily carbon-coated for conductivity prior to analysis. 

Quanta 450 Field Emission Scanning Electron Microscope:  This instrument is equipped with an Oxford 

Energy Dispersive Light-Element X-Ray Spectrometer and is capable of spatial resolution on the order of 

20 nanometers.  The principle advantage of this instrument is high spatial resolution. 

MU1-DG MU1-ST MU1-UG

438' - 439' 457' - 458' 451' - 452'

442' - 443' 463' - 464' 456' - 457' 

446' - 447' 470' - 471' 460' - 461'

452' - 453' 473' - 474' 465' - 466'

454' - 455' 476' - 477' 469' - 470'

Table 1:  Samples in this report. 
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JEOL JXA-8900R Superprobe:  This instrument is an electron probe microanalyzer and is equipped with a 

Thermo NSS EDS system and with 5 wavelength dispersive x-ray spectrometers.  This instrument is 

capable of spatial resolution on the order of 2 microns.  The advantage of this instrument is the full 

integration of stage automation with EDS analysis, advanced EDS data processing capabilities, and the 

availability of wavelength dispersive x-ray spectrometers that enable resolution of characteristic x-ray 

peaks that overlap severely in EDS analysis.   

X-Ray Diffraction:  Powdered aliquots of each sample were analyzed for identification and quantification 

of crystalline phases (minerals) using the Scintag XDS2000 powder x-ray diffractometer at the University 

of Wyoming.  This instrument is equipped with a copper x-ray tube.  Data were acquired using 40 KeV, 

30 mA tube settings and various scanning rates.  Bulk samples were examined to determine abundances 

of constituent phases, and clay separates were examined to identify clay species present. 

Bulk Chemical Analysis:  Major, minor, and trace element concentrations for bulk samples were 

acquired from powdered aliquots of each sample.  We used the ALS commercial laboratory to acquire 

these data.  

II.  WHOLE-ROCK CHEMISTRY 

Powdered samples were sent to ALS-Global for whole-rock chemical analysis (Tables 2, 3, and 4).  Major 

elements were analyzed as oxides using inductively coupled plasma – atomic emission spectroscopy 

(ICP-AES, ALS Process ME_ICP06), and trace elements were analyzed using inductively coupled plasma – 

mass spectrometry (ICP-MS, ALS Process ME-MS81).  See Appendix A for method details.   

The data are typical of immature arkosic sediments and are consistent with observed mineralogy (see 

below).  High tungsten values are certainly a consequence of powdering the samples for analysis in a 

tungsten carbide shatter box.  None of the samples show significant uranium enrichment, although 

samples from the UG hole have uranium concentrations approximately 10 times higher than the other 

two cores.   

III.  PETROGRAPHY 

 

a. Hand Sample Observations 

All samples examined in this study are drill core materials.  They are uniformly gray, coarse-grained, 

homogeneous samples that are poorly indurated and that tend to disaggregate if not handled with 

extreme care.  All samples are arkosic sandstones with obvious feldspar, quartz, and clay components.  

Calcite was recognized in one sample in hand sample (MU1-DG 451’-452’) where it occurs as pervasive 

cement.  Pyrite was not recognized in any of the hand samples.  Organic material was tentatively 

identified in one sample (MU1-DG-451-452) and confirmed in microscopic examination.   
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Table 2(a): Major and minor element concentrations, in 
weight percent oxides. (LOI = Loss on Ignition) 

Oxide Weight Percent 
Depth (ft) 451'-452' 456'-457' 461'-462' 465'-466' 469'-470' 

Si02 60.8 82.2 81.7 82 83.7 

Al203 5.61 9.19 10.75 10.10 9.27 

Fe203 1.16 1.06 0.57 0.48 0.74 

CaO 15.70 0.62 0.41 0.40 0.49 
MgO 0.36 0.44 0.28 0.24 0.32 

Na20 0.81 1.66 2.05 1.90 1.68 

K20 1.98 2.91 4.38 4.56 3.52 

Cr203 n.d. 0.01 n.d. n.d. n.d. 

Ti02 0.09 0.11 0.06 0.05 0.12 

MnO 0.18 0.01 0.01 n.d 0.01 

P205 0.02 0.01 0.02 0.01 0.02 

SrO 0.01 0.01 0.01 0.01 0.01 

BaO 0.04 0.07 0.07 0.08 0.06 

LOI 13.90 2.06 1.45 0.91 1.51 

Total 100.66 100.36 101.76 100.74 101.45 

Table 2: Bulk chemical analyses for 5 samples from MU 1-DG. 
These data were acquired by ALS-Global, using their processes 
ME-ICP06 and ME-MS8 I. See Appendix A for analytical details. 

Table 2(b): Trace element concentrations, in parts per 
million. 

Elements, Parts per Million 

Depth (ft) 451'-452' 456'-457' 461'-462' 465'-466' 469'-470' 

Ba 366 659 649 669 572 

Ce 23.4 25.3 26.9 22.3 41.7 

Cr 10 40 10 10 20 

Cs 0.75 0.35 0.95 0.72 0.71 

Dy 1.37 1.62 1.25 1.23 1.81 

Er 0.86 1.1 0.69 0.73 0.93 

Eu 0.38 0.35 0.33 0.39 0.44 

Ga 6.9 10.7 12.3 11.1 11.2 

Gd 1.36 1.84 1.43 1.4 2.22 

Hf 2.3 2.6 2.2 2.2 3.4 

Ho 0.28 0.34 0.27 0.24 0.39 

La 13.5 14.9 15.3 12.9 23.1 

Lu 0.12 0. 15 0.1 0.08 0.17 

Nb 3.3 3.6 3 2.4 3.9 
Nd 9.8 10.8 11.1 9.7 16.2 

Pr 2.67 3.02 3.15 2.68 4.68 

Rb 61.7 79.5 137.5 131 105 

Sm 1.8 2.04 2.19 1.89 2.78 

Sn 1 19 4 4 14 
Sr 80.4 108.5 91.5 95 90.2 

Ta 0.7 1.2 1 1.4 1.5 

Tb 0.21 0.26 0.2 0.18 0.31 

Th 4.88 7.86 6.44 6.24 12.45 

Tm 0.11 0. 19 0.09 0.09 0.15 

u 7.39 6.97 8.43 5.51 5.92 

V 15 85 8 6 11 

w 148 442 366 567 483 
y 8.1 10.6 6.5 6.4 10.4 

Yb 0.79 1.16 0.66 0.66 1.03 
Zr 84 88 72 68 110 
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Table 4(a): Major and minor element concentrations Table 4(b ): Trace element concentrations, in parts 

in weight percent oxides. (LOI = Loss on Ignition) ' per mill ion. 

Oxide Weight Percent Ele ments, Parts per Mill ion 

Depth (ft) 438'-439 446'-447' 454'-455' Depth (ft) 438'-439 446'-447' 454'-455' 

Si02 83.8 83.1 82.2 Ba 537 577 690 

Al203 8.31 8.60 9.51 Ce 41.8 33.5 17.7 

Fe203 1.64 1.13 0.80 Cr 40 30 30 

CaO 0.53 0.47 0.57 Cs 1.09 0.87 0.4 

MgO 0.62 0.46 0.47 Dy 2.5 1.65 1.22 

Na20 1.05 1.22 1.78 Er 1.63 0.89 0.76 

K20 2.32 2.64 3.06 Eu 0.62 0.46 0.4 

Cr203 0.01 n.d . n.d. Ga 10 9.7 10.8 

Ti02 0.29 0.19 0.09 Gd 2.69 1.87 1.37 

MnO 0.01 0.01 0.01 Hf 6.5 3.8 2.1 

P205 0.04 0.03 0.01 Ho 0.57 0.36 0.28 

SrO 0.01 0.01 0.01 La 22.7 18.8 10.4 

BaO 0.06 0.06 0.07 Lu 0.27 0.16 0.09 

LOI 2.43 2.24 1.68 Nb 6.6 4.6 2.6 

Total 101.12 100.16 100.26 Nd 18.2 14.5 8 

Pr 4.93 3.88 2.2 

Rb 68.1 74.3 83.6 

Sm 3.73 2.61 1.74 

Sn 11 29 14 
Table 4: Bulk chemical analyses for 3 samples from MU I-UG. 
These <lata were acquired by ALS-Global, using their processes Sr 75.5 80.3 108 

ME-ICP06 and ME-MS8 l . See Appendix for analytical details. Ta 1.7 1.1 0.9 

Tb 0.45 0.3 0.22 

Th 11.3 8.56 4.57 

Tm 0.27 0.17 0.12 

u 87.6 4.7 46.5 

V 38 41 17 
w 540 374 346 
y 15.2 9 7.2 

Yb 1.57 1.06 0.83 

Zr 244 143 72 
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b. Electron Microscopy Observations: 

Scanning electron microscope (SEM) images of polished thin sections were acquired to enable 

identification and quantification of minerals and to characterize grain sizes, shapes, and sorting.  

Two large-area maps were made for each of the 15 thin sections.  These maps are constructed by 

collecting maps of smaller sub-areas and assembling them into a montage covering the larger area.    

1. A backscattered electron (BSE) map covering the largest possible rectangular area on each thin 

section.   BSE images are gray-scale images in which brightness is proportional to average atomic 

number of the minerals.  These maps are useful for showing grain sizes, shapes and sorting, and 

spatial distribution of compositionally distinct.   

2. Characteristic X-ray images covering a representative 15 mm X 10 mm sub-area of the first map.   

These data are acquired using an energy dispersive X-ray spectrometer and are therefore 

referred to as EDS maps.  They enable positive identification of compositionally distinct minerals 

based on these images.   

Map Interpretation Considerations: 

EDS maps are routinely colored according to the element they illustrate, and they are scaled from black 

for 0 intensity to a bright color for the maximum observed intensity in the field of the map.  As a result, 

these maps always range from black to very bright colors, even if there is no measureable amount of the 

corresponding element present anywhere on the map.  For this reason, the maximum number of counts 

for each element is listed in the caption for the corresponding map, and these values enable the reader 

to evaluate the significance of the color variation shown in the map.   

BSE and EDS maps were acquired on a stationary sample by rastering the electron beam over the 

sample.  At low magnifications artifacts occur in images because of the inherent variation in signal 

strength with distance from the detector as the beam rasters across the sample.  High magnifications for 

sub-images address this issue successfully but result in extremely long acquisition times for large maps.  

The maps in this report were all acquired over an area 1.7 mm X 1.3 mm (70X on this instrument).  The 

maps are of acceptable uniformity, but systematic variation in intensity across the component images is 

apparent in all of the large-area maps.  This periodic variation in intensity is obvious and is not 

petrographically significant. 

Common Characteristics of all Samples: 

The primary minerals in all of these samples are quartz, plagioclase feldspar (sodic end member albite), 

potassium feldspar (much of which is coarsely perthitic), clay minerals, various ferromagnesian minerals 

(especially ilmenite, chlorite and traces of biotite), and trace amounts of white mica (muscovite).  

Accessory minerals include pyrite, ilmenite, sphene, apatite, garnet, epidote, calcite, zircon, and 

monazite.  Some of the feldspar is altered to clay; this alteration is clearly post-deposition (authigenic).  

Most of the clay-size fraction shows no spatial relationship to feldspar and likely did not form from in-

situ alteration of feldspar.  Relative abundances of all minor and trace minerals are quite variable 
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between samples and even between subareas of the same sample; this is not surprising for extremely 

immature sediments such as these.  Everything about these samples suggests extremely rapid 

deposition and burial very close to a granitic source terrain.   

Average grain size is highly variable between individual samples.  Individual grains are highly angular, 

and grain size sorting is poor in most samples.  These factors suggest deposition close to the sediment 

source, with minimal sediment transport.  Since samples are inclined to disaggregate during sample 

preparation, some of the pore space is presently filled with epoxy, and virtually all of the black areas in 

these images are underlain by epoxy.  For each sample there is a separate WORD document that 

contains detailed images and corresponding EDS X-ray spectra.   

MU1-DG Samples: 

Composite BSE images for all 5 samples show medium to coarse grained, poorly sorted, and poorly 

rounded arkosic sandstones (Fig. 1).  One sample contains appreciable organic material which is obvious 

as a dark vein in the BSE image (451’ – 452’).   

MU1-DG-451’-452’:  Identification of major minerals and textural relations between them is facilitated 

by EDS maps (Fig. 2).  Note that this sample has calcite cement, pyrite occurs as framboids and 

apparently predates the formation of the cement, and biotite/chlorite grains are generally devoid of 

pyrite in this sample.   

MU1-DG-456-457:  The EDS maps for this sample are given in Fig. 3.  Pyrite is extremely rare in this 

sample, but small, rounded structures made of iron oxide are common.  These are interpreted to be 

pseudomorphs of iron oxide after pyrite framboids.   

MU1-DG-460-461:  The EDS maps for this sample are given in Fig. 4.  This sample disaggregated during 

cutting, rendering the textural relations in this slide of questionable value.  The rock contains very little 

pyrite or other high atomic number minerals.  Biotite is being replaced by ilmenite and chlorite and 

locally by chlorite and pyrite.  Sphene is common . 

MU1-DG-465-466:  EDS maps for this sampe are given in Fig. 5.  This sample has high abundance of 

heavy minerals, biotite, and chlorite.  Pyrite is strongly associated with chlorite where chlorite is 

replacing biotite.  Pyrite always occurs in small spheres (framboids).   

MU1-DG-469-470:  EDS maps for this sample are given in Fig. 6.  Pyrite is present in modest amounts 

and is usually associated with clay.  Ilmenite is also abundant.   

MU1-ST Samples:  

Composite BSE images for all 5 samples show medium to very coarse grained, poorly sorted, and poorly 

rounded arkosic sandstones (Fig. 7).  All samples contain pyrite as froamboids, ilmenite, epidote, and 

sphene.  Pyrite is commonly spatially associated with ilmenite and chlorite/biotite grains. 
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MU1-ST-457-458:  EDS maps for this sample are given in Fig. 8.  Pyrite commonly occurs in chlorite and 

clustered around ilmenite grains.  Sphene and epidote are also common. 

MU1-ST-463-464:  EDS maps for this sample are given in Fig. 9.  This sample has abundant pyrite, 

spatially associated with chlorite .  Ilmenite is present but not abundant.  Accessory minerals include 

sphene, apatite, and in one location, xenotime.   

MU1-ST-470-471:  EDS maps for this sample are given in Fig. 10.  Pyrite is spatially associated with 

ilmenite in this sample.  Biotite, chlorite, and pyrite are significantly less abundant in this sample than in 

the other ST samples.  Some feldspar is being replaced authigenically by clay;  locally pyrite is associated 

with this clay.  Accessory minerals include muscovite, allanite, and epidote.  

MU1-ST-473-474:  EDS maps for this sample are given in Fig. 11.  Pyrite is spatially associated with 

ilmenite in this sample.  Pyrite is NOT spatially associated with biotite/chlorite in this sample.  Pyrite, 

biotite, and chlorite are all less abundant in this sample than in the other ST samples.   

MU1-ST-476-477:  EDS maps for this sample are given in Fig. 12.  This sample strongly resembles MU1-

ST-473-474 in every respect:  low abundance of pyrite & chlorite/biotite, pyrite spatially associate with 

ilmenite but not with chlorite/biotite, and the same suite of accessory minerals.   

MU1-UG Samples: 

Composite BSE images for all 5 samples show fine to medium grained, moderately well sorted but poorly 

rounded arkosic sandstones (Fig. 13).  Pyrite is absent in all but one sample (438’-439’ contains pyrite).  

Accessory minerals in all samples include iron oxide, zircon, epidote, sphene, and rare barite, monazite, 

rare chromite, and allanite.  Since these samples are so similar, no individual descriptions are given here.  

EDS maps for these samples are given in Figs. 14-18. 

IV.  CLAY MINERALOGY 

Clay-sized mineral grains make up a small fraction of all samples in this study.  The best approach to 

identification of specific clay minerals is powder X-ray diffraction.  We separated the clay fraction from 

powdered rock samples by suspension in water and then decanting the clay-laden water into filter 

vessels.  We prepared oriented clay mounts and examined them in a Scintag XDS2000 powder X-ray 

diffractometer running at 40KV, 30 mA, 1 degree 2-theta per minute, using a Cu X-ray tube and a solid 

state X-ray detector.  Results are summarized in Figs. 19 – 21. 

All samples included smectite (a swelling clay; peaks marked with red lines), and lesser amounts of 

kaolinite (green), illite (blue), and chlorite (small peak at 6.6o 2).  Smectite is confirmed by the 

presence of a peak near 6o 2 that moves to 5.2o 2 upon exposure to ethelene glycol (EG).  Illite is 

indicated by a peak near 9o 2.  Chlorite and kaolinite are confirmed by peaks near 12.4o 2 and 24.8o 

2 and by complementary evidence from SEM/EDS examination of the samples.   

All clays are at least in part authigenic, based on textural relations sited above.  Smectite is a product of 

post-depositional weathering of volcanogenic glass, and its presence in these samples indicates some 
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volcanogenic component in the original detritus.  The chlorite may be detrital or it may be a product of 

post-depositional weathering of detrital biotite, or both.   

We have not quantified the relative abundances of individual clay species at this time. 

V. MODAL ANALYSIS 

We used 3 approaches to estimating abundances of major minerals in these samples.  The minerals 

Quartz, Albite, K-feldspar, calcite, and sheet silicates including chlorite, smectite, illite, kaolinite (and 

biotite) comprise more than 90% of these samples.  It is extremely difficult to obtain high-precision 

measurements of minerals making up less than 5% of a mixture, so we analyzed for the major minerals 

and normalized the results to 100%.  Two X-ray diffraction techniques were employed: classical 

reference intensity ratio (RIR) measurements were made using corundum as an internal standard, and 

the whole-pattern fitting (Rietveldt) method was also utilized.  In addition, we used knowledge of 

chemical composition of major phases combined with whole rock chemical analyses to estimate mineral 

abundances by employing an n-dimensional linear least squares calculation to find the ‘best fit’ mineral 

abundances for each sample.  Results of the three approaches are illustrated in Figure 22.  The results 

for the RIR X-ray technique and for the “chemical solution” are very comparable and agree well with 

petrographic observations described above.  The whole-pattern solution seems to have overestimated 

quartz in several cases, so we suggest that those results be considered with caution.   

VI. SUMMARY 

These samples comprise a set of texturally immature arkosic sandstones.  The principal detrital 

component comes from a proximal quartzo-feldspathic granitic/metamorphic terrain.  There is also 

evidence of a small but significant and persistent volcanogenic detrital component, now largely to 

completely replaced by smectitic clay.  There is significant evidence for post-depositional alteration of 

feldspars to clays and possibly authigenic alteration of biotite to chlorite.  Pyrite is present in all samples 

except 4 of the 5 UG samples.  In all cases it occurs as framboids;  the framboids are commonly 

associated with ilmenite and/or with biotite/chlorite mineral grains. In one DG sample, pyrite framboids 

were apparently completely replaced by pseudomorphs of iron oxide.  No uraninite or other uranium 

minerals were observed in any of these samples.  Trace mineral assemblages are complex and include 

monazite, zircon, and various ferromagnesian minerals typical of the source terrain described above.   It 

would be informative to examine pre-mining samples from the same localities.  
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Figure 1 Composite backscattered electron images of samples 
from MU1-DG, illustrating mineralogy, grain sizes, and textures. 
AII images are printed at 3X magnification. Minerals with higher 
average atomic number appear brighter in these images, while 
materials with low average atomic number appear darker (e.g., 
Pyrite (FeS2 ) is bright, while organic matter and epoxy showing 
through holes in the sample are black. Feldspar and quartz are 
intermediate in brightness.) The rectangle outlines the area of 
the Xray maps shown in later images. . 
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S (69) K (151) 

Mg (254) 

ā mm -5 

Ca (185) 

AI (272) Si (800) 

Ti (212) Fe (149) 

Figure 3: MU1-DG-456-457 This sample has abundant quartz, albite, and potassium feldspar. It also 
has abundant epidote (Ca2(A1,Fe3+)3Si3012(0H), in the yellow circle). Pyrite is very rare in this 
sample . llmenite (FeTi03) and sphene (CaīiSi03) are common in this sample (red circle). The 
numbers in parentheses are the maximum number of counts observed for that element in this scan. 
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Ca (274) 
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Ti (225) Fe (196) 

Figure 6: MU1-DG-469-470 llmenite and sphene (red box), epidote (yellow circle ), and chlorite (green 
box) are abundant in this sample, in addition to quartz, albite, and potassium feldspar. Pyrite is too 
fine-grained to resolve at this scale. The numbers in parentheses are the maximum number of counts 
observed for that element in this scan. 
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Figure 7 Composite backscattered electron images of samples 
from MU 1-ST, illustrating mineralogy, grain sizes, and textures. 
AII images are printed at 3X magnification. Minerals with higher 
average atomic number appear brighter in these images, while 
materials with low average atomic number appear darker (e.g., 
Pyrite (FeS2 ) is bright, while organic matter and epoxy showing 
through holes in the sample are black. Feldspar and quartz are 
intermediate in brightness.) The rectangle outlines the area of 
the Xray maps shown in later images. . 
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Mg (230) 

ā mm -s 

Ca (328) 

AI (312) Si (800) 

Ti (398) Fe(151) 

Figure 8: MU1-ST-457-458 Pyrite (yellow circle ), epidote (red box), ilmenite (blue box), and chlorite 
(green box) are common in this sample, in addition to quartz, albite, and potassium feldspar. Much 
of the pyrite is too fine-grained to resolve at this scale. The numbers in parentheses are the maximum 
number of counts observed for that element in this scan. 
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Figure 10: MU1-ST-470-471 Pyrite (yellow circle), epidote (red box), ilmenite (blue box), and chlorite 
(green box) are common in this sample, in addition to quartz, albite, and potassium feldspar. Most of 
the pyrite is too fine-grained to resolve at this scale. The numbers in parentheses are the maximum 
number of counts observed for that element in this scan. 
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Figure 12: MU1-ST-476-477 Pyrite (yellow circle ), epidote (red box), ilmenite (blue box), and chlorite 
(green box) are common in this sample, in addition to quartz, albite, and potassium feldspar. Most 
of the ilmenite is too fine-grained to resolve at this scale. The numbers in parentheses are the 
maximum number of counts observed for that element in this scan. 
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Figure 13. Composite backscattered electron images of samples 
from MU 1-UG, illustrating mineralogy, grain sizes, and textures. 
AII images are printed at 3X magnification. Minerals with higher 
average atomic number appear brighter in these images, while 
materials with low average atomic number appear darker (e.g., 
Pyrite (FeS2) is bright, while organic matter and epoxy showing 
through holes in the sample are black. Feldspar and quartz are 
intermediate in brightness.) The rectangle outlines the area of 
the Xray maps shown in later images 
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Figure 14: MU1-UG-438-439 Pyrite (yellow circle), epidote (red box), ilmenite (blue box), and 
chlorite (green box) are common in this sample, in addition to quartz, albite, and potassium feldspar. 
Most of the pyrite is too fine-grained to resolve at this scale. The numbers in parentheses are the 
maximum number of counts observed for that element in this scan. 
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Figure 15: MU1 -UG-442-443 Epidote (red box), ilmenite and sphene (blue box), and chlorite (yellow 
circle) are common in this sample, in addition to quartz, ai bite, and potassium feldspar. Pyrite does 
not occur in this sample. The numbers in parentheses are the maximum number of counts 
observed for that element in this scan. 
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Figure 16: MU1-UG-446-447 Epidote (red box), ilmenite (blue box), and chlorite (green box) are 
common in this sample, in addition to quartz, albite, and potassium feldspar. Pyrite is absent in 
this sample. The numbers in parentheses are the maximum number of counts observed for that 
element in this scan. 
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Figure 17: MU1-UG-452-453 Epidote (red box), ilmenite (blue box), and chlorite (green box) are 
common in this sample, in addition to quartz, albite, and potassium feldspar. Pyrite is largely absent 
in this sample. The numbers in parentheses are the maximum number of counts observed for that 
element in this scan. 
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Figure 18: MU1-UG-454-455 Epidote (red box), ilmenite (blue box), and chlorite (green box) are 
common in this sample, in addition to quartz, albite, and potassium feldspar. Pyrite is absent in this 
sample. The numbers in parentheses are the maximum number of counts observed for that element 
in this scan. 
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Appendix A:  Whole Rock Chemical Analysis Details 
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