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Table 3. Accuracy and precision--concentrations of major, minor, and trace elements in 
standard reference materials, three phosphatic shale quality control check materials, and in 
duplicate samples that accompanied samples from Section E and F for analysis. Relative 
standard differences and relative standard deviations specify the departures from accepted 
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ABSTRACT 
This study, one in a series, reports bulk chemical composition of rocks collected 

from two exposed, measured stratigraphic sections at the Rasmussen Ridge phosphate mine 
in southeastern Idaho. The rock samples from Section E constitute a set of channel-sampled 
intervals across the entire thickness of the Meade Peak Phosphatic Shale Member of the 
Phosphoria Formation at a location exposed during mining. These samples characterize the 
lower phosphate ore, interlayered middle waste rock, upper ore, and upper waste units of the 
member. The rocks from measured Section F lie within a few feet of the original, pre-mined 
ground surface and are more oxidized and weathered than those of the deeper Section E. 
Section E includes a channel sample of the uppermost 15 feet of the Grandeur Tongue 
Member of the Park City Formation, a dolomitic unit that directly underlies the Meade 
Peak. 
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INTRODUCTION 

Background 
U.S. Geological Survey (USGS) geologists have studied the Permian Phosphoria 

Formation in southeastern Idaho and the Western U.S. Phosphate Field throughout much 
of the twentieth century. In response to a request by the U.S. Bureau of Land Management 
(BLM), a new series of resource and geoenvironmental studies was initiated by the USGS 
in 1998. Present studies involve all scientific disciplines within USGS and consist of: (I) 
integrated, multidisciplinary research directed toward resource and reserve estimations of 
phosphate in selected 7 .5-minute quadrangles; (2) elemental residence, mineralogical and 
petrochemical characteristics; (3) mobilization and reaction pathways, transport, and 
disposition of potentially toxic trace elements associated with the occurrence, development, 
and use of phosphate rock; (4) geophysical signatures; and (5) improving the understanding 
of depositional origin. -· 

To carry out these studies, the USGS has formed cooperative research relationships 
with: two Federal agencies, BLM and the U.S. Forest Service (USFS), which are 
responsible for land management and resource conservation on public lands; and with five 
private companies currently leasing or developing phosphate resources in southeastern 
Idaho. The companies are Agrium U.S. Inc. (Rasmussen Ridge mine), Astaris LLC (Dry 
Valley mine), Rhodia Inc. (Wooley Valley mine-inactive), J.R. Simplot Company (Smoky 
Canyon mine), and Monsanto Co. (Enoch Valley mine). Because raw data acquired during 
the project will require time to interpret, the data are released in open-file reports for prompt 
availability to other workers. The open-file reports associated with this series of resource 
and geoenvironmental studies are submitted to each of the Federal and industry 
collaborators for technical comment; however, the USGS is solely responsible for the data 
contained in the reports. 

Location and General Geology 
The location of the measured sections is shown in figure I. The sections lie 

approximately 20 miles northeast of Soda Springs, Idaho, in a region of southeastern Idaho 
that has had extensive phosphate mining over the past several decades and currently has 
four active phosphate mines. Service ( 1966) provided an evaluation of the western 
phosphate industry in Idaho and a brief description of the mining history, ore occurrence, 
and geology. More detailed discussion of the Phosphoria Formation in the Western 
Phosphate Field is given by McKelvey and others (1959). Cressman and Swanson (1964) 
discussed detailed stratigraphy and petrology of these same rock units in nearby 
southwestern Montana. Gulbrandsen and Krier ( 1980) discussed general aspects of the 
large and rich phosphorus resources in the Phosphoria Formation in the vicinity of Soda 
Springs. Gulbrandsen (1966, 1975, and 1979) summarized bulk chemical compositional 
data for various lithologies of the phosphatic intervals in the Phosphoria Formation. 
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Figure 1. Index map of southeastern Idaho showing location of measured 
sections from which samples were collected. 
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Correlation with Measured Sections 
Stratigraphic sections of the Phosphoria Formation were measured and described by 

the USGS at the Rasmussen Ridge mine in southeastern Idaho. Samples were then 
collected from the same measured section such that descriptions directly correlate with the 
samples. These brief descriptions of the measured strata from which the samples discussed 
in this report were collected are already published (Tysdal and others, 2000), although no 
thin section, X -ray, or analytical technique other than gamma-ray spectrometry has been 
used to augment the field descriptions of the rock units of that report. In this report we list 
the analytical information for the sampled rock sequences. The two reports are best used 
together in a complementary fashion to obtain both descriptive and analytical information 
about the rock sections. Informal bed names-introduced by Hale (1967, p. 152) and used 
generally throughout southeastern ldah<r--are included in a column of each of the analytical 
data tables in this report and in accompanying figures that graphically display the analytical 
data. Informal bed names used only within a specific mine are not presented here. Contacts 
of units within the ore zQnes were picked by mine personnel; those within the middle and 
upper waste zones generally were picked by USGS personnel. English units of 
measurement are used throughout this report to facilitate direct correspondence with units in 
the extensive historical literature on the Phosphoria and with current industry usage. 

The Phosphoria Formation in the vicinity of the measured sections consists of three 
members, which in ascending order are the Meade Peak Phosphatic Shale, the Rex Chert, 
and the informally named cherty shale (McKelvey and others, 1959; Rioux and others, 
197 5; Oberlindacher, 1990). The m~asured sections of this report focus on the Meade Peak 
Phosphatic Shale Member. The Meade Peak unconformably overlies the Grandeur Tongue 
of the Permian Park City Formation, and the cherty shale member is overlain by the Triassic 
Dinwoody Formation. 

Sections E and F were measured on surfaces exposed by mining equipment. 
Section E (also listed in our descriptive publications as wpsE for western phosphate section 
E) was measured along a horizontal surface; Section F (also listed in our descriptive 
publications as wpsF) was measured along a steeply inclined face. Section E is located 
about 1,400 ft south of Section F and about 150ft below the pre-mining land surface. 
Lower strata of Section F were measured about 25 ft below the pre-mining surface, upper 
strata about 40 ft below the surface. Rocks of Section F are intensely weathered and those 
of the much deeper Section E are extensively altered, probably because fluid pathways were 
provided by abundant fractures that resulted from fairly intense tectonic deformation. Prior 
to weathering, the rocks of Section F might have been altered chemically by subsurface 
fluids. Measuring a pair of sections close together, but at different depths below the pre­
mining land surface, permits evaluation of important effects of weathering on rock 
geochemistry. Measurements record true thickness of the strata at the sample site; these 
thicknesses are corrected for apparent thickening due to dip of the strata at the exposed 
sections at the mine benches. Adjustments were made for dip of beds at the time of 
measurement of Section E, but the true thickness of units in Section F were calculated later 
from the apparent thicknesses measured on the outcrop. The section was measured solely 
to provide stratigraphic positioning of selected rock units that were sampled for chemical 
and mineralogical analysis. No detailed descriptions were made of the strata in the sections. 
Stratigraphic units of the middle waste, for example, are shown mainly as mudstone, 
although interbeds of other rock types also exist in the middle waste. The two sections are 
of unlike thickness, chiefly because the middle waste zone of Section E has been thinned 
tectonically. Moreover, not all of Section F is well exposed and some strata of the middle 
wa~te might be tectonically repeated. 
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METHODS 

Field Sampling 
The samples within the measured sections that were obtained for geochemical and 

petrological analysis were taken as channeled samples across the entire thickness of the 
interval, as noted in the data tables. The choice of sampling intervals is intended to 
characterize strata of more or less uniform lithology and of a broad thickness that can be 
handled by typical mine equipment should the results of our analyses suggest that separate 
handling of such zones would be advantageous. Within these broad intervals, we have 
sampled thinner intervals, sometimes as thin as one foot, where we have noted a lithology 
different or distinct from the thick interval as a whole. 

Approximately 1/2 to 1 kg of rock was collected for each sample interval. Rock 
samples were scraped or chiseled in a consistent manner across each interval of uniform 
lithology in order to obtain a representative single sample of the entire interval. The bulk 
samples were shipped to the laboratories of the USGS in Denver, Colorado, for sample 
preparation. 

Rock Sample Preparation 
Rock samples were dried in air at ambient temperature. Samples as received first 

were disaggregated in a mechanical jaw crusher and then a split was ground in a ceramic 
plate grinder to <100 mesh ( <0.15 mm). Splits of the latter material were provided to 
various collaborators and to the contract laboratory for analysis. All splits were obtained 
with a riffle splitter to ensure similarity with the whole sample. Splits of about 50 g in size 
were sent to the contract laboratory, where they were prepared for analysis. A set of similar 
size splits for all samples was archived by USGS. 

Analysis 
Samples were analyzed for 40 major, minor, and trace elements using acid digestion 

in conjunction with inductively coupled plasma-atomic emission spectrometry (ICP-AES). 
For the 40-element analysis (referred to as ICP-40), a split was dissolved using a low­
temperature ( <150° C) digestion with concentrated hydrochloric, hydrofluoric, nitric, and 
perchloric acids (Jackson and others, 1987). The analytical contractor has modified this 
procedure to shorten the digestion time (P. Lamothe, USGS, oral communication). The 
acidic sample solution was taken to dryness and the residue was dissolved with 1 ml of aqua 
regia and then diluted to 10.0 g with 1% (volume/volume) nitric acid. This technique also 
provides analysis of Bi and Sn. Because an inconsistent bias in the Bi and Sn data 
presently exists for the analytical contractor (P. Lamothe, USGS, oral communication), the 
concentration data for these two elements have been eliminated from the original analytical 
data set. Sr concentrations are determined in both the ICP-40 and ICP-16 (see below) 
techniques, and the data from both techniques have been reported. The two techniques 
agree well; the R2 between them is >0.99. Both ICP techniques also detect and measure Mn 
and have comparable accuracy and precision. However, the ICP-40 technique is considered 
to be superior to the ICP-16 technique because it has a much lower detection limit, 4 parts 
per million (ppm) compared to 100 ppm. This lower detection limit is important in 
analyzing a few of the check standards with low Mn concentrations. Nonetheless, analytical 
data for both procedures are included in the data tables. The ICP-40 technique measures 
Au above 8 ppm, Bi above 50 ppm, and Ta above 40 ppm; however, no samples from either 
of the two sections had concentrations above these detection limits. Consequently, those 
data have been eliminated from the data files. 
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Another split of the sample was fused in lithium metaborate then analyzed by ICP­
AES after acid dissolution of the fusion mixture. This technique, referred to as ICP-16, 
provides analysis of all major elements, including Si, and a few minor and trace elements, 16 
in all. Most importantly, this is the only analytical technique of those used that measures Si 
concentrations in these siliceous, phosphatic shale samples. Although the Meade Peak 
Phosphatic Shale Member is known mostly for its phosphatic content, it also contains 
minor to significant amounts of siliceous components, which occur in aluminosilicate 
minerals, quartz, or biogenic silica. Si measurement is not possible using the 4-acid 
digestion ICP-40 technique because the Si is lost as a volatile fluoride compound during 
digestion. Analysis of major elements using the fusion technique also provides a 
compositional check on the concentrations of these same elements as measured by acid 
digestion. Ti and Cr were analyzed using both ICP techniques, and the concentration data 
for both techniques are included in the analytical tables. However, the fusion technique is 
superior to acid digestion because of its ability to more completely digest resistant minerals 
that might contain those elements. 

Se analysis was perfonned using hydride generation followed by atomic absorption 
(AA) spectroscopy. Se is not reported using either of the ICP techniques, as it generally is 
volatilized and lost during sample preparation. The hydride combined with AA technique 
also is used for the analysis of As and Sb. Most Tl analyses were performed using graphite 
furnace AA after fusion of the sample and extraction using an organic solvent 
Alternatively, a few measurements of Tl concentrations, especially for the phosphatic check 
standards, included some measurements using hydride generation followed by atomic 
absorption spectroscopy. For the analysis of As, the hydride analytical technique is 
considered to be more sensitive than the acid digestion ICP-AES analytical technique. 

Total S and total C were measured using combustion in a LECO furnace followed 
by gas chromatographic measurement. For the other forms of carbon, carbonate carbon 
was measured as evolved C02 after acidification of the sample, and organic carbon was 
calculated as the difference between total and carbonate carbon. The compilations by 
Arbogast ( 1996) and· Baedecker ( 1987) include additioiJ.al discussions about the various 
types of analytical methodology used in this study. 

The element concentration data for Section E includes a profile of the equivalent 
uranium (eU) measurements taken with a GAD-6 gamma-ray spectrometer. Concentrations 
of eU are given in ppm. This instrument measures gross gamma-ray flux (including cosmic 
rays) and provides a quantitative measure of K, U, and Th. Abundance of U and Th were 
determined via detection and counting of gamma r~s of specific energy associated with a 
particular daughter radionuclide of each element, 21 Bi with a 1.76 MeV (million electron 
volt) gamma-ray in the case of U. Calculation oftotal abundance of U and Th assumes 
secular equilibrium between the measured daughter nuclide and the parent isotope and all 
intermediate daughter nuclides for each individual element. Potassium abundance is 
determined from the measurement of gamma rays associated with the decay of 40K_. The 
spectrometer integrates detection over a 21t geometry of approximately 1/2 m3 and, because 
gamma rays are emitted in random directions, has proportionally higher detection likelihood 
for those gamma rays that are emitted closer to the detector. The calibration equations for 
the spectrometer assume this geometry on a planar surface and are based on analysis of 
concrete pads of known composition of the three elements. The calibration coefficients, as 
well as the constants for subtracted background counts, are a function of latitude, altitude, 
rock density, and moisture. The coefficients become less reliable as location and rock 
conditions change from those of the calibration. 

In Herring and others (2000), we discussed the rationale for reporting eU 
concentration data after normalization of the highest eU concentration to 200 ppm for 
Section A and B. This scaling was done because published reports from the 1970's and 
earlier on U and eU concentrations in the Meade Peak state that few U concentrations from 
this member exceed 200 ppm (see Swanson, 1970, and references therein) and we had little 
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independent check on accuracy of the spectrometer data. However, new analytical data as 
part of our study question these past published relationships. Recently, we re-analyzed a 
subset of samples using delayed neutron (DN) analysis, which has a precision of better than 
3 percent and an accuracy of generally better than 5 percent (McKown and Millard, 1987). 
The relationship between the two measurement techniques is shown in figure 2 for 70 
samples. The DN analysis can be used to assess the U concentration data in Herring and 
others (1999), which were obtained using ICP-40 measurements with a lower detection limit 
of 100 ppm. For a common set of 12 samples where ICP-AES measurements for U 
concentrations are greater than the detection limit of 100 ppm, this technique shows that 
ICP-40 measurements average 12 percent greater than those of DN and have a relative 
standard deviation of 12 percent. Given this relative credibility in the ICP-40 technique as 
verified by DN analysis, the frequency of U concentrations> 100 ppm among the set of all 
composited stratigraphic samples of the Meade Peak consequently can be estimated. For 
182 channel samples of Section A, B, C, and D as measured by ICP-40, 18 percent of the U 
concentrations are> 100 ppm, with 16 percent between 100 and 200 ppm and 2 percent 
>200 ppm. These channel samples average rock over intervals that range from 1 to 15 feet 
of true stratigraphic thickness. Clearly, each channel sample will have some U 
concentrations that are indeed higher, perhaps considerably so, than the interval average. 
Consequently, we believe that U concentrations in excess of 200 ppm are not as scarce as 
reported by Swanson (1970, and references therein) and that U concentration measurements 
from the gamma-ray spectrometers are reasonably accurate and should be reported as 
measured rather than scaling them against an assumed upper limit value. 
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Rgure 2. Comparison of measured uranium concentration by delayed neutron analysis in channel samples 
with gamma-ray spectroscopy measurements taken at 1-foot true-thickness stations through the same 

intervals and arithmetically averaged (circles). The 1 :1 and least-squares regression (heavier I ine; ~ = 0.55) 
lines are shown. Concentrations of P2o5 in percent are shown for the same samples (x's). 

Previous studies of the Phosphoria Formation maintain that there is a consistent 
relationship between eU and total uranium contents and between total uranium and 
phosphate contents (McKelvey, 1956). Our measurements indicate considerable scatter in 

10 



( 

both relationships (fig. 2; Herring and others, 1999; Herring, unpublished data). Measured 
eU concentrations, even between adjoining 1 foot intervals of consistent lithologic character, 
often exhibit considerable variability. We expect that this results from: (1) fine-scale 
variability in the concentration of U; (2) the effect of the geometry of the dipping rocks; or 
(3) from lack of secular equilibrium. Scatter in the U to P 20 5 relationship results from U 
removal or addition by syndepositional effects and (or) by post-depositional alteration, 
especially weathering. The U is mostly located in the phosphate mineral lattice as a 
substitute for Ca; location of the decay (daughter) products is uncertain. For the phosphatic 
rocks of the Phosphoria Formation, total gamma-ray counts are dominated by decay of U 
and its various daughter products. ~0 is generally <1 percent in the phosphorite and <3 
percent in the middle waste shale; Th concentrations are generally <15 ppm in ore and waste 
shale (Altschuler and others, 1958; Swanson, 1970; Herring and others, 1999; Herring, 
unpublished data). 

The measurements for eU were obtained on high-resolution, 1-foot (true-thickness) 
spacing across Section E. These concentration data are graphed in the preliminary report on 
the stratigraphic descriptions of Section E (Tysdal and others, 2000). The reported eU 
concentration for each channel-sampled interval in the data tables was obtained by averaging 
all measurements taken through that interval at 1-foot spacings. A recalibration of the 
GAD-6 instrument in April, 2000, indicates that eU concentrations in the previous reports 
should be reduced by 18 percent. This reduction is exactly proportional, thus all 
concentrations should be reduced by the same percentage. Relative changes among all 
reported concentrations for a measured section are accurate as depicted. No eU 
measurements were taken in Section F because the section was sampled over comparatively 
few, non-adjacent intervals. 

RESULTS 
Analytical results of the rock analyses for the deeper, less-weathered section E and 

shallower, highly-weathered Section Fare listed in concentration data tables 1 and 2, 
respectively. The tables include listings of the concentrations of the major rock-forming 
elements as oxides as well as elements. The oxide concentrations are calculated from the 
elemental concentrations using standard stoichiometric conversions of the major element 
concentrations that were determined using the fusion technique. In the tables, the calculated 
oxide concentration is listed in the column adjacent to the reported concentration for each 
major element. In addition, there is a column that lists the sum of the calculated major 
element oxides; however, this sum does not include the contributions from oxides of carbon 
and sulfur. Elements are listed by chemical symbol in alphabetical order for each of the 
analytical techniques: individual elements (As, Hg, Sb, Se, Te, and Tl), carbon forms and 
sulfur, ICP-16 (fusion digestion), and ICP-40 (acid digestion). Interval base and top 
footages are specified relative to the stratigraphic base of the Meade Peak Phosphatic Shale 
Member. This base is defined specifically as the base of the Fish-scale stratum, a bioclastic 
marker phosphorite unit. Footage numbers increase upward through the measured sections. 
Section E samples represent the Meade Peak in its entirety as a series of contiguous channel 
samples from the uppermost Grandeur Tongue through and including the Upper Wasre unit 
within the Phosphoria Formation. Section F was sampled as a set of non-contiguous 
intervals in various ore and waste zone strata of interest. 

The concentration data in tables I and 2 are listed as reported by the contract 
laboratory. There has been no statistical manipulation of the data or consideration of 
qualified values. Qualified values of concentration result from detection of elements that are 
known to be present but at concentrations less than their lower detection limits (LDL) at or 
above which they can be quantified with confidence. They are listed in the data table with 
"<" preceding the LDL. No replacement values for these qualified concentrations, which is 

11 



typically done for most traditional data summarization and analysis (for example, see 
Cohen, 1959), are included. 

As an estimated measure of analytical accuracy, various analytical standard rock 
samples were included with the set of samples from the sections that were submitted to the 
contract laboratory. The reported analyses of these standards are included in table 3. We 
include analysis of three carefully prepared check standards of phosphatic shale (POW -1, 
POW-2, and POI -1) that are used as ongoing monitors of analytical accuracy for this 
project (Wilson and others, in preparation). These standards are finely ground splits of 
composite channel samples of two sections of middle waste rock and one of ore from 
Section B. This section was described by Tysdal and others (1999) and the analytical data 
were reported by Herring and others ( 1999). The preparation and use of these standards 
are intended to provide better analytical quality control for the project, especially because the 
standards have similar mineralogy and composition to the typical rocks being analyzed 
within the project. Table 3 also includes the concentrations obtained with the check 
standard splits that accompanied the samples for Section E and F, the mean concentration 
values of now 4 replicated analyses, and the relative standard difference between those 
standards and the means. The standards analyzed also included the standards SARL-1 and 
SARM-1 that are routinely submitted with rock samples as a part of the quality control 
monitoring of the contract laboratory. Table 3 lists the replicated analyses of these two 
standards, the mean of those replicated analyses, the accepted concentration values, and the 
relative standard difference in percent between those mean concentrations and the accepted 
values. 

As a measure of analytical precision, the analytical sample set consists of 9 
replicated sample pairs for Section E and one pair for Section F. These samples are 
identified in the data tables for Section E and F as duplicates. The listings in table 3 
summarize for each element the average relative standard difference and average relative 
standard deviation of up to 10 duplicated pairs of samples. This summary only reports 
statistical comparisons for duplicated sample pairs without any qualified concentration data 
for individual elements. 

The samples were submitted to the contract laboratory in a randomized sequence. 
This eliminated systematic errors from sources such as, for example, instrumental drift. The 
abbreviations for analytical techniques in the column headings of tables 1, 2, and 3 for · 
analytical methodology are defined as follows: 
XRD: X -ray diffraction 
Hydr. AA: hydride generation followed by atomic absorption 
CV AA: cold vapor atomic absorption 
ICP-MS: inductively coupled plasma-mass spectrometry 
ICP-16: inductively-coupled plasma spectrometry, fusion digestion 
ICP-40: inductively-coupled plasma spectrometry, acid digestion. 

Concentrations of various elements in the channel samples of the two sections are 
graphed in figure 3. The few "less-than" concentrations reported for some of these 
elements have been replaced with their lower detection limits for graphing. The figure 
includes a brief key to the general geology of major intervals within each section: Lower 
Ore Zone, Middle Waste, Upper Ore Zone, and Upper Waste. For Section E, the figure 
includes the data from the Grandeur Tongue limestone. 
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Section E (wpsE) Sample Geochemistry 

Unll wl1n 

\Lithology 

AI, ppm, Hg,ppm. Sb,ppm, so, ppm. C.%. C02,%, camonatoc, ~enlcC, S,%, AI,%,1CP AIOx, Of •• Co,%, caex.%. Fe,%, 

r::. Pl1oapho!lo Interval lnttJYal Thlcknn&. lntatVal hydride CVM hydride hydride 11,ppm, combustion acidHicatlon %, %, combustion 16 ICP·16 ICP-16 ICP-16 ICP-t6 
Formation Lab No. Notes base, ft top, 11 ft midpoint, 11 luslon·AA acidHicatlon difference 

1-·IIX: l<llondN- Dolomite C·141232 ·10.0 ·5.0 5.0 ·7.5 5.8 0.08 1.2 3.5 1.5 11.8 42.3 11.5 0.3 <0.05 0.39 0.74 22.00 30.78 0.26 
dupticate ol 

L~tOX Glondour Member Dolomite C·141235 revious sample ·10.0 ·5.0 5.0 ·7.5 6.9 0.08 1.5 4.8 1.9 11.8 41.0 11.2 0.4 <0.05 0.49 0.93 21.70 30.36 0.32 
Oolom•le, 

r--45C GlondourMomber altered C-141256 ... ·5.0 0.0 5.0 ·2.5 4.0 0.35 5.5 16.5 4.3 2.0 0.8 0.2 1.8 0.33 2.65 5.01 25.70 35.95 O.H 
IWPIIEO.JC -·Bod · P~osp-hOfue C-141260 0.0 0.5 0.5 0.3 16.3 0.29 1.8 1.5 9.8 0.8 1.8 0.5 0.4 0.64 0.36 0.68 37.40 52.32 0.17 
LWI'IIEOOII!: ~~_d Mudstone C·l41242 0.5 3.0 2,5 1.8 43 I 0.28 . 14.7 20.6 10.1 0.0 0.1 o.o 0.9 0.13 5 39 10. I 8 2.u 3.06 4.30 
1-00.C lower Ora ZOM PhOSphorite C·141259 - 3.0 5.0 2.0 4.0 7.2 0.32 14.4 5.0 6.2 1.3 1.2 0,3 1.0 0.84 2.21 4, I 7 27.10 37.01 1.33 
IWPSE006C Lower Ore zone -~~1100!_ C-141252 -- __ 6.5 7.0 0.5 8.8 0.8 0.59 1.8 8.4 5.4 4.4 0.5 0.1 4.3 0.6 3.98 7.52 19.90 27.84 0.19 
WPSE006C lower Ore zone I~ ---··- 5.0 9.5 4.5 7.3 2.8 0.52 7.1 13.2 5.9 2.3 0.9 0.2 2.1 0.52 2.62 4.95 22.90 32.04 0.64 
IWPSE012C Lower Ora zont PhosphOntl- C·141251 9.5 15.3 5,8 12.4 8.0 0.17 1.8 5.8 9.0 9.8 34,5 9.4 0.4 0.05 1.25 2.36 19.60 27.42 0.62 

Phoaphorlte. 
IWPUE018C L-Oro zone Mudstone C·141257 15.3 18.7 1.5 16.0 2.2 0.38 6.3 64.8 4.3 2.7 0.7 0.2 2.6 0.39 2.98 5.63 23.10 32.32 0.50 
IWPI 021C Lower Ore zone Phosphorite C·141229 16.7 25.3 8.6 21.0 2.8 0.48 7.7 70.5 3.8 3.7 0.8 Q,2 3.5 0.54 2.10 3.97 25.70 37.35 0.35 
IWI'l IE02IC &IN~ .. Mudstone C·141238 25.3 26.3 1.0 25.8 4.3 0.48 11.0 45.3 2.8 3.3 0.8 0.2 3.1 o .• s 3.67 6,93 17.00 23.78 1.17 
IWPI IE028C Lower Ore zone C·141258 26.3 30.7 4.5 28.5 5.4 0.94 8.2 101.0 2.8 8.0 0.6 0.2 7.9 0.97 2.44 4.61 18.90 23.64 0.53 
IWPI IE033C Lower Ore zone Phosphorite C-141287 30.7 36.3 4.8 33.0 8.4 0.72 8.5 125.0 0.9 5.3 0.8 0.2 5.0 0.66 2.06 3.89 26.00 38.37 0.78 
IWI'I 038C MtddleW11te C-141265 ·-- - 35.3 41.0 5.7 38.2 14.1 0.73 11.6 85.0 1.2 4.7 0.4 0.1 4.8 0.58 4.58 8.65 13.50 18.89 1.90 
IWP! 043C MlddteWasle ... -. ~- ~-- -~.£·141264 1-c-·--·---- 41.0 45.3 4.3 43. I .. 11.9 0.53 8.4 23.7 1.0 2.8 0.3 0.1 2.7 0.37 4.58 8.65 7.74 10.83 1.70 

duplicate of : 
IWPIIE043X MlddteWaate C-141268 rtvloua sample 41.0 45 3 4.3 43.1 11.5 0.50 8.8 24.3 1.1 2.8 0.3 0.1 2.7 0.37 4.92 9.29 9.48 13.26 1.84 -----
IWPI - -Wuto C-141247 45.3 46.0 0.8 45.6 11.4 0.19 4.3 2.8 0.8 0.5 0.1 0.0 0.5 0.07 5.80 10.96 o.ee 1.34 2.80 

-~---

IWPI IE04CIC ...-_wuto C-141250 46.0 5'1 0 5.0 48.5 8.4 0.45 4.5 15.0 1.4 4.3 0.8 0.2 4.1 0.62 3.27 6. I 8 17,30 24.20 1.43 
IWPI IEIIISC M6dd11Waste C-141240 51.0 56.3 5.3 53.7 7.1 0.44 3.8 21.0 1.3 3.3 0.4 0.1 3.2 0.43 4.15 7.84 13.80 19.03 1.66 
IWPI IE087C MlddtiWtste .... ·-------- C-141230 56.3 57.0 0.7 56.7 23.0 1.02 3.8 99.0 7.0 6.8 0.1 0.0 6.7 2.77 5.41 10.22 3.00 4.20 2.13 
IWPI IE081C Mktd&IWaste §:-~ 57.0 63.3 8.3 60.2 11.2 0.81 5.0 34.0 1.7 4.5 0.4 0.1 4.4 0.78 4.59 8.67 8.90 12.45 1.93 
IWPI IEftMC Middle waste 63.3 87,0 3.7 65.2 23.7 0.49 4.6 41.0 1.3 8.5 0.2 0.1 8.4 1.26 4.57 8.63 6.61 9.25 2.09 
IWPIIE087C Mlddte Wastt ... ! C-141236 1-·67.0 58.0 1.0 87.5 . 7.9 0 29 3.8 6.0 0.6 3.8 0.2 0.0 3.5 0.39 4.67 6.82 4.33 8.08 I .44 

duplicate ol 

'IEOBJ'X t.lddle Waste .. -~~~C?sphorite C-141231 ! previous aaml)le 67.0 68.0 1.0 67.5 7.9 0.28 4.1 5.4 0.6 3.5 0.2 0.1 3.5 0.41 4.50 8.50 4.79 6.70 1.35 
OU07tC Mkkft~Wtste I~ ----·---- .. _~.9 74,5 6.5 .... 71.3 18.5 0.49 3.4 35.8 1.1 7.8 0.3 0.1 7.7 0.88 3.38 6.38 11.30 15.81 1.98 
~ MlddioWaato 

j - -·- ---·-
C-141262 74.5 76.0 1.5 75 3 14.3 0.40 5.0 14.8 0.5 1.0 0.1 0.0 0.9 0.11 5.49 10.37 2.94 4.11 2"35 

Weate -~~'!. C-141245 76.0 78.0 2.0 77.0 22.3 0.58 4.0 33.6 0.6 3.7 0.5 0.1 3.5 0.53 2.77 5.23 17.40 24.34 1.58 
OU071C ~Waste Phosphorite C-141251 78.0 79.3 1.3 78.6 18.2 0.67. 3.5 35.9 1.1 8.6 0.5 0.1 8.4 1.11 3.40 6.42 15.70 21.96 1.56 

duplicate of ,_,. 
1..-w .... PhosphOrite C-141248 revtous sample 78.0 783 1.3 78.6 16.0 0.71 2.8 39.2 1.1 8.8 0.5 0.2 6.5 1.13 3.34 6.31 17.30 24.20 1.52 

IWPIIE18IC IMiddloWaata Carbon Seam C-141244 79.3 79.8 0.5 78.5 18.8 0.80 9.8 4.2 0.9 8.0 0.4 0.1 7.9 0.92 4.00 7.56 11.70 16.37 1.89 
duplicate ol 

1--.c ...... Wuto Carbon S.em C·141237 ravlousuml)le 79.3 79.8 0.5 79.5 21.5 0.77 8.8 3.6 0.9 7.8 ··o.5 0.1 7.7 0.91 3.83 7.23 11.70 16.37 1.91 
,_ 

-.waato PhosphOrite C-141234 .. 79.8 80.3 0.5 80,0 3.4 0.65 1.5 2.1 0.8 4.4 0.8 0,2 4.2 0.57 2.33 4.40 22.10 30.92 0.70 ,__.., 
t.lddeWeste C-141239 80.3 84.1 3.8 82.2 22.3 0.70 8.0 87.0 <0.1 11.6 0.3 0.1 11.5 1.4 4,39 8.29 11.50 16.09 2.01 

,_OBSC ._..Waite C-141255 84.1 85.0 0,9 84.6 17.9 0.55 2.8 17.5 1.0 7.7 0.2 0.1 7.6 0.78 3.34 6.31 8.57 11.99 1.39 ... 

IWPIIEoesx 1-.waata C-141253 
duplicate of 

revioussample 84.1 85.0 0.9 84.6 .21.8 0.57 3.1 20.2 0.8 7.5 0.2 0.1 7.5 0.76 3.58 6.76 7.80 11.05 1.57 
WP!IEOIIIIC MlddloWaato C-141233 85.0 87.0 2.0 aa.o 17.8 0.81 4.8 102.0 4.8 13.2 0.6 0.2 13.1 2.85 3.59 6.78 13 90 19.45 1.54 
iWPIIEI*C MiddleWette C-141248 87.0 90.7 3.7 88.9 17.5 0.25 2.2 12.8 1.7 8.6 23.6 6.4 2.2 0.24 2.96 5.59 13.30 18.61 1.47 

'IEOt3C I UDDer ON zone Phosl)horite C-141254 90.7 95.1 4.4 82.9 6.9 0.50 5.3 6.8 3.3 4.0 0.1 0.2 3.8 0.-44 2.90 5.48 22.50 31.48 0.88 
'IE097C I~O..zona Phosphorite· C·t!1268 95.1 88.8 3.7 li7.0 5.2 0,79 8.4 3.4 5.0 2.4 1.0 0.3 2.1 0.27 2.11 3.99 29 70 41.55 0.82 
>sE100C I~Orozono C-141272 98.8 101.0 2.2 99.9 7.9 0.25 3.0 1.5 3.1 1.6 1.2. M 1.3 0.21 0.78 1.47 38.50 51,06 0.44 
'SE101C. ~Oro zone Phosphorite C·141275 101.0 101.5 0.5 101.3 41.1 0.27 29.1 a.o 8.9 1.1 0.4 0.1 0.9 0.13 3.30 6.23 14.70 20.57 2.63 

'SE!03C l UDDtr Ore zone Phosphorite C-141294 101.5 103.8 2.3 102.7 5.3 0.32 2.5 2.9 1.7 1.7 1.0 0.3 1.4 0.22 0.92 1.74 34. 0 48.55 0.42 
>sE104C UDDer ON zone Mudstone C·141298 103.8 104.3 0.5 104.1 25.0 0.33 3.8 11.9 4.0 0.8 0.1 _o;o 0.8 0.1 5.28 9.94 3.95 5.53 2.30 
'8E108C I UDow ON zone Phosphorite C-141282 104.3 107.0 2.7 105.7 1.9 0.25 1.8 72 0.7 1.6 1.3 0.4 1.2 0.22 0.38 0.72 38.10 53.30 0.11 

'8E!09C 1,1-Waalo C·141297 107.0 110.5 3.5 108.8 18.5 0.31 3.1 57.8 3.0 4.4 0.0 0.0 4.4 1.89 4.90 9.28 118 1.85 1.78 

WPSE108X f'--tWliiO C-141291 
duplicate of 
previous sample 107.0 110.5 3.5 108.8 19.0 0.31 3.8 54.2 2.7 4.3 0.1 0.0 4.3 1.91 5.59 10.56 1.35 1.ee 2.02 

WPSE113C lu-waata C-141283 110.5 115.3 4.8 112.9 4.7 0.14 1.7 10.2 0.9 2.0 0.0 0.0 2.0 0.19 2.62 4.95 0.98 1.34 0.48 

WPSE118C IL.JDD.rWestt Carbon Seam C-141290 115.3 118.0 0.7 115.7 33.5 0.59 7.3 103 0 3.2 17.0 0.2 0.1 17.0 3.9 5.13 9.69 2.11 2.95 2.15 
WPSE1165 IUooerW11te 

toolomite 
C·t-41295 118.0 118.5 0.5 1 6.3 22.7 0.35 2.9 48.6 1.8 3.4 0.5 0.1 3.3 2.6 5.27 9.96 4.05 5.67 2.33 

WPSE117C IUDDi'rWastt C-141269 116.5 117.5 1.0 117.0 2.4 0.10 0.7 15.7 0.1 13.0 39.3 10.7 2.3 0.29 0.77 1.45 20.80 29.10 0.28 
duplicate of I 

'WPiil17X lu-tWaoil Dolomite C-141278 revious sam It 116.5 117.5 1.0 117.0 1. 7 0.10 1.9 14.9 0.2 12.5 39.5 10.8 1. 7 0.24 0.80 1.51 21.80 30.50 0.30 
iWPIIEt20C UDIWWastt -t C·141296 117.5 121.3 3.8 119.4 21.7 0.27 3.2 51.9 1.2 4.7 1.8 0.5 4.2 2.93 6.24 11.79 8.80 9.51 2.89 

IWPIE123C UDDer Waste C-141305 121.3 124.5 3.2 122.9 12.9 0.09 1.4 17.9 0.8 5.0 16.0 4.4 0.7 1.73 4.32 8.16 10.20 14.27 1.89 
--L-----·-

IWPBE126C UDDtt' Waate _ . ._\. . _______ C-141303 -- 124.5 13Q,5 6.0 127.5 18.8 0.20 4.2 54.1 2.0 2.1 0.0 0.0 2.1 2.94 6.41 12." 0.98 1.37 2.76 

u-<Wallt _ • .J... ... _. ·-· 
duplicate ol 

IWPIEt2tX C·141302 revious sample_ 124.6 130.5 5.9 __ ~- 19.0 0.21 3.3 55.6 2.1 2.0 0.0 0.0 2.0 2.86 6.70 12.66 1.07 1.50 2.88 
"-'De.ll:t'!itt"! ........... w ..... 1 t":Arhnn ~AAm f':.1A1'\n4 1 :ln ~ t'\t .0 O.F. 1!10 B •• O.S1 1 6 277.0 1.1 8.2 0.4 0.1 8. I ,_ 15 4.59 8.67 12.90 18.05 1.76 
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FeOx, %, I K. %.ICP·1 KOx, %, I Mg, %, 
ICP·t6 t 6 ICP-16 ICP-16 

0.37 0.12 0.14 .!1-M. 

Mg()x, "-I No,%, 
ICP·t& ICP-16 

20.23 I o.o7 

Section E (wpsE) Sample Geochemistry 

NaOx, %, I P, %.ICP·1 POx,%. I 51, %. ICP1 SIOx, %, 111, %, ICP1 TIOx, %. I Sum 
ICP-16 t 6 ICP-16 1 8 /ICP·t6 t 6 liCP-16 Oxidee, 

% 
0.09 0.55 1.28 3.24 6.93 0.02 0.03 60.8 

Ba, ppm, I Cr, ppm, I Mn, ppm, I Nb, ppm, I Sr, ppm, I Y, ppm, 
ICP-16 ICP-18 ICP-18 ICP-18 ICP·16 ICP-16 

t 5 89 104 <10 t 18 t 6 

Zr, ppm, I AI, %, ICPl Co, %, 
ICP· t 6 4 0 itCP-40 

t 6 I 0.40 I 20.00 

Fe,%, 
ICP-40 

0.24 

K,%,1CP 
40 

0.12 

0.46 o.t3 o.t6 I tt.ao 19.58 o.o7 o.oo 0.64 t.47 3.36 

..LP~ . ....L.bs __ l o.-ta o.3o o.21 o.28 to.6o 24.29 tt.e.o I 24.at I o.t7 I o.2e I o2.o I t38 I t3to I .too I .to I 827 I 24t I tte I 2.4o I 2e.3o I o.44 I t.os 

~·lOX IG!o-.rMomt>M 0.3 2 t I 0.4 7 I 20.so 7.19 0.03 0.05 80.3 18 t t 7 t 27 <10 120 t 8 0.14 

0.18 0.22 -tf 0.06 0.10 0.52 0.70 15.30 35.06 2.23 4.77 0.02 0.03 94.1 258 179 1450 <10 1090 344 40 0.35 34.30 0.16 0.19 
=='--11-'e"' . ..,t5'--11-'2"-.'-',7'--jl--2:i1 0.45 0.75 0.13 0.18 0.84 1.92 2UOj 63.3tj_ 0.42 J 0.70 I ss.g _I 242 J: 730=:f <tOO 1 <tO] 112 1 so_/ 376 l 5.22 _/ 2.tt I 4.3 I 2.07 

0.91 
2.28 
1.27 
0.32 

udstone ' 0.72 1.28 1.54 0.16 0.27 0.28 0.38 0.70 22.03 t3 SO 28.88 0.20 0.33 02.3 141 914 <100 <10 758 tSi so 2.71 22.00 0.47 t.28 
ilo'Phoriii~ o.so o.98 t.ta o.t4 o.23 o.21 o.28 tt.3o 2s.ao to.to 2t.8o o.ts o.2s ot.3 120 822 .too <to 759 t82 8t t.o7 23.8o o.32 o.o8 
udstone 1.87 1.71 2.06 0.22 0.36 0.21 0.28 6.02 15.88 15.00 32.09 0.20 0.33 83.4 128 tt80 <tno <10 807 221 t42 3.71 16.30 t.t9 1.64 

0.76 1.25 1.61 0.18 0.30 0.20 0.27 6.80 15.70 14 40 30.80 0.17 0.28 78.0 183 1410 <100 <10 938 358 128 2.35 15.30 0.40 1.22 
hoiDiioritO. 1.12 0.88 1.08-- 0.16 0.27 0.27 0.38 tt.OO 25.21 10.40 22.25 0.14 0.23 00.8 185 1460 < 00 <10 tOOO 615 1St 1.05 28.70 0.71 0.06 
···- 2.72 1.84 2.22 1--.Q-25 0.41 0.28 0.35 5.52 12.85 18.40 30.36 0.26 0.43 85.7 188 1890 <100 <10 602 172 154 4.38 12.20 1.86 1.07 

·- ---· ___ bll_,~ -~- 0.19 0.32 0.55 0.74 3.15 7.22 22.70 48.58 0.35 0.58 82.0 240 1130 <100 <10 395 129 289 4.76 ' 7.83 1.84 2.17 

l.!!!:!!!;l<!l!~!!!!!!l~w" • .,,,._,. _ --+-k!L __ LQL J.i.~- _ o.21 o.3s o.S8 0.78 3.89 8.9t 24.50 S2.4t o.38 0.53_ oo.7 254 1220 ·<too .to 471 _ 154 276 4.52 8.45 us 2.01 1 
l;t!~~~!.!!!!!!.JW~•!!•!!!'"'----l ______ 4 oo 1.89 2.28 o.t4 0.23 1.2o· t.eo 0.38 o.a7 34.30 73.37 0.47 o.78 05.5 t72 2ot <too t7 8t 35 4t2 5.10 o.oo 2.58 u 1 

l.!!!:l!S!!:!l!'4J!!!!!!~=!!!....-. + --- ---fit- :::: : ::~ ~:~~ ~::: ~:=~ ~::~ :::: ::::: ~~:;~ ::::: ~:~~ ~::: :~:~ ~:~ : :~~ :: ~~ :: ~ ~:; ::~ : :~ : ;: : ::~~ : ::! :::: --r----- ---- 3.05 1.87 -2.25 0.20 0.33 t.ts 1.55 uo 2.73 27.10 57.97 0.41 0.68 83.0 284 455 .too 12 144 58 298 5.20 2.88 2.15 1.86 
j.!!!:l!!;!!!!:!4)!!!!!!!!!J""'!!!....- -· . ---------~-~~+-.J..,_§_Q_j-j~81___ 0.29 0.48 0.52 0.70 3.51 8.04 21.90 46.84 0.32 0.53 82.3 234 1290 <100 <10 365 146 235 4.44 8.94 1.93 1.49 

_______ .bll ..... L..L!L --'-'~---1 o.2o o.33 o.11 t.o4 2.77 6.35 24.70 52.83 o.35 o.5a &4.2 246 t32o .too .to 268 t&2 302 4.3t 6.t9 2.06 1.78 
_____ 2.06 I.Bt 2.t8 __ 0.11 o.t8 o.oe t.32 t.64 3.78 28.80 6t.6o o.37 0.62 88.8 211 708 <too .to t67 tot 3t6 4.50 4.30 1.45 1.65 

horite 1.93 1.75 2.11 0.10 0.17 0.95 1.28 1.82 4.17 27.80 50.46 0.36 0.60 84.9 225 806 <100 <10 186 117 303 4.40 4.65 t.41 t.61 
2.83 1.24 1.49. 0.17 0.28 0.53 0.71 4.95 11.34 23.10 49.41 0.25 0.42 88.7 208 1170 <100 <10 443 215 231 3.09 10.40 1.88 1.26 

- 3.36 1.77 2.13 0.09 0.15 1.10 1.48 1.24 2.84 31.10 66.52 0.48 0.77 91.7 230 307 <100 <10 124 33 417 5.15" 2.63 2.20 1.60 
j.!!!:!!S!!ll!4J!!!!!!==!!!._::·:~-j)'i.:~sE§riie-I.J.4L:- 1.14 t::jdt~: Q.09 O.t~ 0.84 0.86 7.57 17.35 18.70 40.00 0.24 0.40 92.0 187 473 <100 <10 679 170 96 2.67 16.10 1.45 t.t3 
~S!!!!!i..jl!!!!!!!!!..!!!!!!!!... ___ .. f_!lg_!Ehotile 2.23 1.44 1.74 0.18 0.30 0.53 0.71 6.76 t5.40 1&.80 35.04 0.26 0.43 85.2 212 1210 ctoo <10 ~~- _ U!_ _ _1_15 __ 3.2~ u.ao 1.46 1.44 

MiddteWaate 
MklchWaste 
Mtdc1141Waste 
MkldteWIIII 

Cart>on S.~m 2. 73 0.23 0.38 0.55 0.74 4.57 10.47 18.00 38.50 0.25 0.42 78.4 t 6 t t 460 <I 00 <I 0 327 t 50 tt. t 0 
~.~.·:rr_P_.F~~-~"'" t.oo o.18 o.3o o.3a o.49 o.2! 21.20 2.8o 27.38 o.u o.3o 67.2 uo 1210 to4 .,o 645 405 2o.3o ----1------------ ......b!I__ 0.24 0.40 0.59 0.60 5.15 11.80 21.80 48.20 0.31 0.52 80.0 241 1850 <100 <10 10.00 
___ , ·-·----- 1.09 0.15 0.25 0.58 0.78 3.84 8.34 22.30 . 47.70 0.26 0.43 70.5 182 785 <100 <10 8_.22 -x llollddloWo~ I _us I t.64 I t .06 I o. 17 I o~2a I o.at I o.a2 I 3.32 I 7.at L 23.70 I so.ao I 0.28 I 0.47 

PIE-= IMiddloWosto I I 2.20 I t.42 I t.7t I o.28 I 0,48 I 0.50 I o.e7 I 5.87 I 13.451 t8.40 I 35.08 I 0.22 I 0.37 
I'SEOII!!CI-Wollo I I 2.to I t.t4 I t.37 I e.22 I t_Q.3t_Lo.u L~78_]_-o.n I U7_L tUo I 32.5t I 0.21 I 0.35 
Piii!Ori:IC TUDDO..oruone I Pnoat>honto I t .2a I t.08 I t .3o I o.24 I o.4o I o.34 I _ o.48 I o.u I 21.79_1_ 13,8o I 20.52 I 0.20 I o.33 
P11EC11C l,._oruont /Pnolpj;orlto I t.l7 I 0.11 I 0.03 I Ms_ I ~4_t.....l o...1l l~.u__l u.oo_l__ll.ll__l.t.n _L_jj,tQ_l o.u I 0.21 
~T~oruono I 0.63 I o.28 I 0.3t I o.oo I o.t5 I 0.18 I 0.22 I t5.oo I 38.43 L 3,95 I 8.45 I o.oa I o.to 

to1CI,._Orozone /Phosphorite I 3.76 I o.o4 I t.t3 I o.t6 I 0.21 I o.5o I o.8o I a.a5 I 1$.70 I 20.80 I 44.40 I o.28 I 0.47 

IWP8E'03C 1\lpp!!Oro zone I Phosphorite I 0.60 I 0.32 I 0.30 I 0.08 I 0. t 3 ± 0. t 0 I 0.26 J t 5.20 j 34.8L15.38 I It .51 l 0.07 I 0.12 
-· -~104!: ~Orozono Mudllono 3.20 1.82 1.05 0.20 0_,33_ O._Zl __0_.98 2.2,1 _ __1,2 27~ -~0.88 0.48 0.80 

1_oec [\.tpp!r()rezone \Phoa~horlt~J-.. 0 .. 16 0.03 
:tote UPI!ofWO_I)O -~ 2.52 0.82 

81.9 
80.2 
73.8 
02.0 
07.4 
98.8 
03.4 

...!!.,.! 
_81.7 

99.8 
76. t 

194 
197 
150 
t 73 
145 
-io 
542 
86 rn 
50 

273 

847 
1780 
342 
1300 
1890 
810 
583 

lli 
478 
481 
585 

<100 <10 
<_100 <10 
334 12 

<100 <10 
<100 <10 
<100 <10 
<100 <10 
llQ.Q. ill. 
<100 <10 
<100 <10 
<100 <10 

4 t 2 
607 
t 61 
714 
637 
705 
2040 

ill 
122 
797 
t 40 

t 72 
210 
34 

267 
208 
313 
244 
394 
78 

238 
80 

285 
t 78 
t 61 
98 
t 29 
62 
02 

..u. 
392 
30 

303 

3.41 
3.41 
2.88 
2.60 
1.08 
0.72 
3.11 

M!. 
s. 13 
0.35 
5.12 

7.48 
12.00 
12.00 
22.20 
27.60 
34.60 
13.00 
3JJ!l 
3.72 

38.30 
1.25 

t .58 
1.53 
1.47 
0.77 
0.78 
0.30 
2.53 

U! 
2.31 
0.11 
t .04 

1.5 
1.43 
t. t 5 
1.07 
0.81 
0.26 

!W. 
t .57 
o. 12 
1.80 

IWPSEtotxlu-w .. ,. I I 2.69 l \.95 I ..1.35J Ml L__q.,J...l o.s3___l__!!lli o.8s I 1.40 I u.oo.Ln.u_LM.g !___q.7o_l 9J.J 1....202 J au !_<.tool t3 1 ts8 1 89 1 3So 1 s.o4 1 t.24 1 t.04 1 us 
0. It 0. t 5 0.37 0.85 0. 74 
0.42 0.57 0.84 1.92 1.89 
0.87 t. t 7 t .68 3.85 1.66 
0.15 0.20 0.51 1.17 0.25 

IWPeEillxLu-t'tYn•• lootomill I Q.43 I 0.2~ l _ _g,28 l Jt&o .L..!a._~.....2.1§ L __ MLL_o.57_L.:u.J ~1LL.to.t6l o.os I o.o8l 62.7 I 36 I t32 I 874 I .to I t9t I 43 I 36 I 0.76 I 22.10 I o.27 1 0.24 
rWute ---l------J 3.85 2.24 2.70 I 0.78 1.29 0.75 t.Ot 2.44 5,50 27.20 58.18 0,40 0.67 04.8 :Ita ---,u- lie 14..... 2o"7 --202- 257" ----s:io 6.61 2.<14 2.04 

~~ii~~~t~~~,j:~:~::"-:-+-- ~.~~ ~:~~ ~::: ~:! !.~~ ~:~~ ~:!! ~:~~ ~:~: ~::~~ !!::: ~:!: ~:!~ !~:! ~~! !!4 ~~~ ~t4o 'a239 !: ~!~ ::~~ ~.~~ ~::: : !~ 
==='"="':--r.;="-'7:W7"•·-~~ :~~~=~ 4.12 2.21 262_1. 0 0 .. 44<6_ 0.76 0.31 0.42 0.47 1.08 34.20 73.15 0.51 0.85 97.2 284 408 129 <10. 59 53 364. 6 ... 21 .. 0.96 2.87 1.97 I 

UooerWaste iCert>onSeem 2.52 1.52 ..J.83~- L2..7D 0.1.3 _0.18 5.6.1 12.85_ 20.ao 44.U_ 0.26 __0_.43 89. 216 ...2_2_§_Q <100 ill_~ --~ __ 165_. 4.\J 12.00 1.6 
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Unit wlin 

¥NI1P I Plloophoria ls.n.M Folmatton !LIIholoiiY 
(Y"E~ ~~Member !Dolomite 

IWPSE·10X IGrandouriMmber /Dolomite 

Mg,%, 
ICP-40 

12.70 

Na,%, 
ICP-40 

0.0& 

t 2.30 I 0.07 

Section E (wpsE) Sample Geochemistry 

P,%.1CP-~Tl,%,1CPiAg,ppm,IAI,ppm,IBa,ppm,IBa,ppm,ICd,ppm,IC.,ppm,ICo,ppm,IC<,ppm,ICu,ppm,IEu,ppm,IG•,ppm,IHo,ppm,ILI,ppm,ILI,ppm, 
4 0 4 0 ICP-40 ICP-40 ICP-40 ICP-40 ICP-40 ICP-40 ICP-40 ICP-40 ICP-40 ICP-40 ICP-40 ICP-40 ICP-40 ICP-40 

0.53 0.01 <2 <10 16 <1 17 .s 82 44 <2 <4 <4 12 

0.55 0.02 <2 <10 19 <I 20 <5 93 25 <2 16 <4 15 

Mn, ppm,l Mo, ppm, I Nb, ppm, I Nd, ppm, I Ni, ppm, I Pb, ppm, I Sc, ppm, 
ICP-40 ICP-40 ICP-40 ICP-40 ICP-40 ICP-40 ICP-40 

I 08 <4 <9 93 22 <2 

I 34 <4 <9 123 24 <2 
Dolomite, 

IWPSE.osc IGrandouriAombe< Iauer~ _j __ ~22 I 9.59 I 0.05 I 7 I <_iL_llll._L_<_\___j__lll.__L_H _ _l __ <_!l L1250] t1JI I 4 I 12 I <4 I 209 I ts I <4 2 I <4 I t04 I t34 I t4 I <2 
1-IIC 1-tol!od /Phoaphorito_j_ o~o_§ l__9_.5t__l__ll~!Ll__Q_.q_t__l _ _.z_ 1_<10_1 272_ I __ <t L 1U I_ H I 48 I 152 I. 43 I 7 <4 I <4 I 307 I s I 1440 I s <4 112 I 186 I 18 3 
IWPSEOOIICIF-Mudotono I _j_ 0.42_j _ __g_.l!l_l__~_§__j____<j_ __ L_42,_l 2H I __ <LJ. 2JL I __ H I 9 I 656 I 69 I 2 I 18 I <4 I 47 I 32 I 53 I 63 I a 43 I 414 I t7 I to 
~~L-O..zono [Photphorite I O,jj /__!!.4!__ __ l_t_0.2o_j__Q&Ll __ I!_ L__..to 1 1U I __ <t _I tot \ __ 31 I 3 I 1120 I 113 I 3 I 12 I <4 I 15& I 16 I 8 11 <4 53 I 169 I 21 I <2 

Photphorite, 

7 
<2 
<2 

iWPSE018C LowerOrezone Mudstone 0.15 0.27 8.70 0.07 e c10 UO c1 109 38 <2 051 101 2 11 c4 120 12 8 4 c4 SO 180 18 3 
IWPSE021C owerOrezone _ P~~'!~-=- 0.13 0.21 10.GO 0.09 0 c10 132 <1 208 22 <2 _764 128 3 8 c4 129 10 22 6 c4 53 155 23 5 
WPSE028C FaMCaa ~~~stone 0.21 0.22 5.89 0,09 9 <10 12~-~· 1 3 53 c2 1040 105 4 15 c4 218 14 15 3 c4 gg 323 115 10 
WPSE029C LowetO..zone 0.19 0.21 5.82 0,08 2& <10 198 <1 98 57 <2 1370 198 6 11 <4 285 19 7 4 <4 136 180 20 5 
WPSE033C Lower ON zone -~L~~sp~..!!___Q,J,_L _ 0 27 10.20 0.06 15 <10 155 <1 77 150 <2 1350 171 7 9 7 •u 14 13 5 <4 193 184 24 8 
WPSE038C MlddloWoate t' 0 24 0 2~-~ 0,13 10 <10 181 <1 28 53 3 1600 123 3 14 <4 158 20 12 18 4 93 371 t3 11 
iWPSE043C MlddloW11te -·-· ~ ~:-:-~:~-- 0.20_~~'!.Q____!cll__- 0.15 5 <10 267 __ <_I_ 15 60 4 1100 82 3 16 <4 136 18 16 25 <4 83 249 14 t t 

.WPSE043X MlddloWoote ____________ ---~~-~--1-~.69 0.18 4 <10 ~.g._f--'-1. 15 &8 3 1180 81 3 15 <4 148 t8 18 24 7 65 244 11 11 
~~~MidcfteWaste .. f-------·--·__Q&, 1.14 0.35 0.25 <2 <10 167 <1 <2 74 7 197 25 <2 8 <4 44 11 16 16 16 40 374 1 12 
WPSE0411C MlddloWute ___ .. : __ ... .Q4~-- --~~~---1-LQ!. 0.12 5 <10 195 ___ '!.!_ 18 60 2 1760 __l!_t_t----+-- 14 5 273 20 17 14 <4 145 249 14 1 
WPSI!055C MlddloWIIII '---------j~ ~ ~- 0.12 6 <10 221. _<_1 19 60 4 1220 104 4 13 5 171 18 16 18 5 t03 250 11 10 

,:::::~ ::::::: --------%.* 1--Hf- ;:!~ ~:~~ : .\eo ~~~ :: 44214 :~ ! 1413a'o 1s2s2 ;2 :! :: 14053 ~~ :! ~: teo !~ ;~: :! ,eo 

,WPSJ!OSIIC MlddloWIIII 0.20 0.79 2.85 0.25 9 11 2U <1 1 10 <2 1310 75 3 15 <4 124 21 28 24 8 71 169 14 11 
iWPSI!o&7C Mlddtt_Wotto _______ _Q_JJ__ .. LQ.Lr---J2L. 0.25 <2 <10 231 <!.__ 15 47 4 ___,!_B.!__ 71 2 9 <4 89 5 28 19 9 __ 52 250 11 tt 

'WPS~o&7X MlddtoWotto I"!!.~.E!'E!i'!... .. 0.10 0.99 1.83 0.24 4 <10 2U <1 15 55 4 670 65 3 10 <4 92 6 42 t7 7 58 230 11 tt 
WP8 071C MlddlliWIIII --------·-~~ ...1L§.L_ .• ~!§.._ ___ 0.11 8 <10 198 <1 15 48 <2 1030 83 3 13 <4 138 16 16 32 5 75 184 10 9 

::e:: :::::: -tphOSPhOrile. - ~:~: ~:!: ~:!: ~:~: :2 =~~ ~:~ =~ t1 :: ~ ::~ :~ t--;2 
: :: 133~ : ~: ~! :: !! . 2e46° 1

7
5 ~0 

'M!f 070C Mickt&IW11t1 ~~-~!~~~ __ _QJ_!_ __ QA!)_:-_ . .21.:!.! .... ..Jh.tO 10 <10 199 ~-~· 30 55 3 1190 93 ·+--~- 12 <4 203 15 33 18 c4 99 144 16 9 

WPUonx M~W•••• .... -l~!t~~E.~«?~t.!_ .... Q.JJL_ \ ... ~_s~:- ____ L1.Q 
1

1 .. Q:...O.! ... __! __ -..llQ .. ..JJL_ .. --~-.L- _ _li_ ---!L .. _2 _ __l_lj_Q_ ----!}.- ___ -t __ t4 <4 211 15 ~-L-~'?- -. <4 1o8 131 , 1 1 
WPSE1iSC Mktd .. W11te __ ;ca~nSeam ___ Q.:..2_3_ i· _0,~~ .. _4.~9_. 0.:1~ ... _ __!_ _____ ill_ __ 117 __ --~!_. __ _li_f---~0--.~·- ..!llQ.....~. ____ _L __ 12 c4 98 10 3~-- _ ____1_4__ _ _2_ __ 52 881 10 10 

WPSE795X MlddloWoste ___ jS:!~_ . .!'.:S•• __ m~ __ Q.dLl_ ... P~~--- --~"~---~--~-12 8 <10 __!-~------".1.. .. _54 44---f---~---lli.Q._f---+~1.. _2 13 <4 96 9 32 _ __ll,_ __ _L__ 46 867 14 9 
WPSOIOC MtddteWitl• ___ J~~l_E!IE_r!~ _.__2.:_1!_-~__Q,.ll.__ :.!J~-f .. 0.07 I <10 141 1 45 45 4 1130 195 _ S 11 4 241 13 04 4 <~- 113 156 17 <2 
WPSE083C MlddloWooto _____ .i __ .Qd! __ I ___ 0&9.... --~~-~--~J.l. 10 13 ______ m ______ <t 15 40 <2 1610 t06 ·r-·-~--1-· 14 <4 101 22 18 21 _6 _ 59 t39 15 to 
WPSE085C MlddloWoste ~-Q,l§ ... .Q~'-- __ HL, ... !U.!.. r--ll---f--...l.A.- .. J.Jd .. < . .!.. .... 1L _.H.__ ·--~-2 __ _ __!_~ __ ]J _ _ -----~------ 12 <4 126 1L ____ lL~--- .§ ....... .!!L 194 9 6 

WPSE085X MlddloWoste j 0.16 0.64 j 3.30 i 0.14 10 12 193 <I 12 43 2 794 86 3 10 <4 118 12 12 6 5 65 223 8 8 
'NPSEOIIIC MlddloWoole --·r·_- __ -~:=_::-,-- 0.27 0.50--~- 0.11 13 <10 201f <1 60 3& 3 1840 179 3 13 <4 135 27 50 42 <4 65 406 18 9 

-----·-·-- t- -,_ .... --- ..... ..... ... ..... .. ..... ~ .... .... . ... <4 26 10 205 18 <4 17 319 g 5 

PSE0113Cl~O..zono [Phosphorite I 0.21 I 0.33_[ 8,68 l__O.oL_I _1_1 L<1_9_l 1.§0 I_ <_1_j__u____l_U__L _ _._2 __ LtU9_[ __ !.29 I__ L_l _1_3 I_ <4_[ t_$8 I 16 I 10 I 13 I <4 79 82 19 7 
PSE017CI~o..zono /Phoipliorito I o.23 I o.1s I 12.30 I o.o1 I 8 I <10 I 132 I <1 I uo L so I <2 I 1120 I 161 I 2 I 12 I <4 I 129 I 18 I 12 11 I <4 I 50 I 75 I 21 I <2 

4 

9 
<2 

1~~0!f_zoiil ]Mudstone I_Mo_Lo,11_l_u& I 0.2& I 8 I 15 I 330 I <1 I 14 I 49 I 2 I 478 L_H _ _j___._g__j____!_2 _ _L _4_L___iL_L 1L I _ _12 I 4 8 I 49 I 162 I t8 I 9 
~toecl~O..zono !Phosphorite I o.os I_O.!Lill.-OO __ I_o,Q!ll____._2 _ _l_<!JLI~5 _ _l__<t I 44 I 19 l___.2_l_.llLI 44 L 2 I <4 I <4 I 145 I 3 I 24 I 3 I <4 I 62 I 34 I 11 <2 

t08CIUooorWoato I 0,34 I 0.51_[ __ o~e LMLI -~ _L te_I_2_H _L_,_t_j____t_L___j____§_L__[ _ __§ _ _l__su _ _i _ __§_4 L_ 2 I _ts I_ <4 _I __ ss I 22 I 53 I 22 I t4 I s1 I 13o I 12 I 10 

iWPSI!101XIUooorwoato I I o._3& l_o.s1_I_Q._6~J_o,n__[_____j_l_tLL_1U_l__1 I 31 I &1 l___§__j_Ji_.u_L~;.6_l_ 2_1 _14 L<LI HI 23 I 55 I 21 I 14 I sa l121 12 , 
IWPS1!1t3C IUooorWoate I 0.18 I 0.10 I Oc35 I o.oe_ I <2 I <10 I to7 I_ <L l _ __li _l_ _ _t_!_ I --~2 _L 40,1_ I 47 I_ <2 I a I <4 I 31 10 I 6 s <4 35 I 52 

Ca~n seam ~.....!h!!. .. ~. 0.42 t t 

l!!!="'~~""'"'"'""'"'---+oOiOmiie-· 1°1
4

1°0 j--~~~ :~ l 

IWP$£117XIUPPtrWIIto IDotomito 1~1 01.~-1 0.54 I 0.03 I <2 L <19 I 3& ± <1 <2 
WP$E1a!l!; UJ)ll!trWesto l 0.72 IT.1o 2,35 . 0.2~ _<:2 _ <1_0 _ H1 L t 4 

-L----~ 3.s9 o.11 o.o1 o.24 •2 11 1e3 .t a 43 8 146 2s .2 2e •4 21 t3 6os 1 •4 20 78 12 a 
0.43 0.31 0.40 0.37 <2 15 290 <1 1. 48 11 399 32 <2 17 <4 44 20 82 21 0 37 188 14 12 

L--~-- 0.42 0.33 0.48 0.37 <2 13 254 <1 13 so 10 394 31 4 115 <.. 46 21 oo 18 12 41 171 12 12 
l!!!:':":~~":"'""-:":"'"'--·--iCa;bOn"sea_m _ __9_.45 0.13 5o61 O.Lil _ ~ <10 _ ___1_95 <I Jl . 7• L....lJ_8Jl_ l_.jjL_ __ IL_ _ _21 S __ 264 30 59_ 9 4 153 262 21 1 
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Section E (wpsE) Sample Geochemistry 

Unit wlln I Sr,ppm, Th, ppm, U,ppm, V, ppm, Y,ppm, Yb,ppm, Zn, ppm, eU, ppm - Pt.oophoda i Lilhology 
ICP-40 ICP-40 ICP-40 ICP-40 ICP-40 ICP-40 ICP-40 

ISimplo F...,.llon 
IWI'SE·IOC a..ncto.. Momb<or Dolo mile '18 <6 c100 95 15 <1 815 20 -
IWPSE-10X Grandeur Member Dolomite 120 <6 c100 117 18 1 1070 

Dolomite. 
IWP8Eo015C I Grandeur Mombor altered 789 <6 <100 617 232 11 1160 35 

iM'IIEo.SC I'""'-'" Bed Phosphorite 1090 <6 106 250 381 14 3180 78 

li 
Footw n Mudstone 109 16 c100 1670 47 5 3500 181 
lower 0r1 zone Phosphorite 841 10 c100 1160 184 9 2040 117 
low« Orw zone ~Mudstone ~s1 5 9 c100 406 215 10 1050 112 
Lower Ore zone 811 <8 <100 853 188 9 1610 118 

l-012C L.owet ON zone Phosphorite 189 <8 c100 272. 38 2 10140 13 

IWPSE01SC 
Phosphorite, 

Lowet Ore zone Mudstone 879 9 c100 703 154 8 1350 88 
l~C ower Ore zone Phosphorite 711 12 c100 1480 181 9 1030 161 
IWPSE02SC F-c.o -~dttone 809 <6 <100 429 240 11 2820 u 
IWPSE029C l.owet ON zone I 925 10 c100 1670 384 19 753 10 
IW1'8E!me - Ore zono ~iP."_osphorile 94 5 8 <100 932 518 23 1180 95 
IWPSEOOSC M~Waste 575 7 <100_. 297 178 9 1870 49 
IWI'SE043C Middte Waste _ _ j -- · ~-----·- ~- __ _ll!)~ _ ..!.L. r-illP-1 .. E.e .. _ c-..llL ~- __ ..J..lig_ 1-----___..!.Q 

IWI'SED<3X :::::; -=~+ .... -.~:_:J--;:~~ _1_2 .. _ p.!J1!LI __ m_ 147 8 1120 __ _j 
iWI'SEO<SC r---1-~- ~~ ___ 117 31 3 18.40 

~ IWPIIEO<SC _..!.L. r-=*~--~ _-..=Hi-~,s 1 5 1 150 ----.:3 IWI'SEOSSC Middte Waste s 1 • 14 239 11 1200 
I'I'I!'SEOS7C MkklleWastt ~~_L_ ___ --- 138 11 <100 241 53 4 854 50 
IWPSEOS1C l~Wtst!__ I 

:~i- --;-~ ~g. .. llQ.. 1-·_157 8 1380 55 
WPSEOSSC Mtddle Wute <100 ;198 164 9 635 ·- 481 

!W!'$E1187C -~.~-------... Mkldlt Waste .l .... ~---- 169 9 <1 00 121 112 8 1320 ~ 
1WPSEOS7X Middle Waste _ tp~~s_phorite 184 15 <100 114 117 8 1210 

41! WPSE071C =~:::::---- ·!--------I~ --f4-w.J.!1.lL _ _n_o_ f-?,1!_ ~-1-;?4°8~ WI'SE07SC 115 <100 144 31 3 [---~ 

WPSE077C MlddleWaate ___ -~t~-~?~~!llt 681 6 < 100- 85 164 10 476 46 
WPIIE079C MkktltiWaste ·f,hosp_!lor1te 530 10 <100 240 303 15 480 52 

IWI'SE079X Middle Waste ~s.,ettonte 562 6 <100 238 325 16 486 52 
WPSE7115C Middle Waste ~Carbon Seam 307 9 <100 274 159 8 2420 54 

I 
WPSE79SX MldcHtWaste ___ jf.!'~~'!' _ill_ ~-,_~..!.Q!Li 260 185 8 2300 

~osoc Mkldte Waste __ _ l~!'_t?_~phorite 819 <6 ~ 82 405 19 691 ··~ 
WPSE083C Middle Waste ___ ; _______ 399 <6 <1Q9 ... 1_~QL _ll!_ 9 521 

---~~ WPSEOSSC Middle Vi!'~~~ -~~..._ __ ---~-~ -- --~~-9~! -~Q] __ f-~- 1-.)_0 __ . ...!H.!L 
I 

WPSEOSSX Middle Waste : - --~---... 406 <6 -- '-'~ oo·~· ~!9 174 9 1310 
WPSE088C Middle Waste----_ l_ 580 7 <100 -~ 215 11 2290 85 
WPSEOII9C MlddltiWastt ..... !...~--·- 159 <6 <1 00 32 3 3510 36 
WPSEQ83C UDDer Ore zone 1Phosphorite 648 <6 <100 367 258 12 814 88 
wPSI;Q07C lJpDet' Ore zone .lf~osph_£!!!_e_ 586 <6 <1 00 1050 204 10 669 173 
WPSE100C ll.IDDM Ore zone _j . 644 <6 <100 389 300 15 641 158 
WI'SE101 UDDer Ore zone _ ~sphonte 1960 8 <1 00 542 244 13 909 142 
WPSE100C lJDDef Ore zone ___ .!'~ospho~te 635 <6 <1 00 233 384 18 560 129 
WPSE104C ~tOre zone -L~~ston!__ 121 11 ~ • 437 79 5 591 103 
WI'SE10SC lJDDef Ore zone Pht?SPhO~!.!_ .. 731 <8 <1 00 271 228 9 512 130 
WPSE100C UPC*'Waste 148 <6 c100 163 81 5 437 60 

WPSE109X UDDerWIIIt 144 11 <100 188 83 8 495 
WP$E113C l~w .... 69 7 <100 140 55 3 147 38 
WPSEIIIIC UDoerWaste Carbon Seam 84 9 <100 527 95 7 2500 35 
WPSE 165 liDDer Waste 

~_Q~IO!f!il& 
138 10 <100 107 135 7 488 29 

WPSE117C UoooiWasle 189 <6 <100 51 42 2 180 33 

WPSE117X UaoerWaste ¥olomite 188 <6 <100 _so 43 2 183 
WI'SE120C UDMrWaste 186 9 <100 143 185 11 965 35 
WPSE123C UDDtrWasta ... [- -----._ _!l_Q__ ~_L_ ~-- 91 19 2 243 151 
WPSE12SC v-rwasle ~- ------ 57 1 5 _illg__ 177 41 4 784 ~ 
WPSE128X UDM<Wasle i 59 1 3 <100 177 44 4 738 I ---r--···---

281 12 100 778 _386 .. .2 . Bll 84 LWPSE131C UooorWasle I Carbon Seam 
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Section F (wpsF) Sample Geochemistry 

'Unit wAn I I As, ppm, : Hg, ppm, Sb, ppm, Se, ppm, C,%, C02,%, Carbonate C, 
Phosphoria I Interval base, Interval top, Interval hydride CVAA hydride hydride Ti, ppm, combustion acidification %, 

\111\JSPSimple Formation 1 Lithology Lab No. Notes ft It Thickness, It midpoint, It fuslon-AA acidification 
WPSF001C Footwall Mudstone? __ C-141287 __ 1 1 54.4 0.23 13.3 8 9.3 0.4 0.0 0.0 

WI'SFOO«: Lower Ore zone C·141289 -··----·--- 4 4 8.1 0.37 7.5 2.5 2.4 1.6 1.5 0.4 

WPSF015C Lower Ore zo Mudstone C-141280 4.5 13.2 8.7 8.9 18.8 0.53 13.7 3.8 4 1.5 0.8 0.2 

WPSF020C Lower Ore zo .l'~~horlte C-141270 -- ------- 19.2 20.5 1.3 19.9 11.6 0.33 10.1 2.7 3.6 1.8 1.4 0.4 ' 

WPSF031C Lower Ore zo Mudstone C-141281 ----- 29.25 31.9 2.65 30.6 22 0.35 20.4 5.8 4 0.8 0.3 0.1 

WPSF035C Lower Ore zo Phosphorite C-141288 34.8 36 1.2 35.4 3.9 0.28 5.3 8.3 7.7 0.8 0.9 0.3 

WPSF040C False Cap Mudstone C·141276 39.6 40.5 0.9 40.1 19.1 0.52 17.7 5 6.4 1.3 0.6 0.2 

WPSF045C Lower Ore zone C·141271 40.5 47 6.5 43.8 9.6 0.89 8.8 9.1 7.5 1.4 0.7 0.2 I 
!WPSI'OI!I1C Middle Waste C·141301 eo 62 2 61.0 36 0.53 12.9 7.5 0.5 1.2 0.2 0.0 
WPSF078C Middle Waste Siltstone C-141300 78.4 79.4 3 77.9 30.6 0.51 8.8 10.7 1.3 0.7 0-2 0.1 
WPSF097C Middle Waste Phosphorite C·141285 96.8 97.2 0.8 98.9 9.2 0.59 2.7 2.4 1.4 2.3 0.5 0.1 I 
WPSF121C Middle Waste Phosphorite C-141299 120.4 121.2 0.8 120.8 16.8 0.81 6.3 33.2 1.8 1.6 0.2 0.1 I 

duplicate of 
IWPBF121X I Middle Waste Phosphorite C·141286 previous sample 120.4 121.2 0.8 120.8 16.6 0.82 6.1 32.7 2 1.7 0.2 0.1 
iWPJI'141C u ..... r r• 10r Pho&DhOritl 10·141284 1311 14g.a 3,11 141.0 4 0.25 1.5 1.8 1.8 1.0 1.0 0.3 
WP8F154C Ucoer Ore zo Phosphorite C-141277 --.. ------- 153.2 155.2 2 154.2 2.5 0.24 1.5 1.3 1.4 o.e 1.0 0.3 
WPSF1&7C Upper Waste CarbOn Seam 0·141274 185.4 170.6 5.2 188.0 12.6 0.56 5.4 81.3 3.1 4.7 o.o <0.003 ! 
•WPSF177C UoDer Waste CarbOn Seam C-141279 176.5 176.9 0.4 176.7 u .0.52 1.8 24 2.2 3.0 0.1 0.0 
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Section F (wpsF) Sample Geochemistry 

Unit w/in Organic C, %, S, o-;o, AI, %, ICP·16 AIOx, %, ICP- Ca, %, ICP-16 CsOx, %, ICP· Fe,%, ICP·16 FeOx, %, ICP- K,%, ICP-16 K0x,%,1CP· Mg,'lo,ICP- MgOx,%, ICP Na, %, ICP·16 NaOx, %, ICP· 
Phosphoria i dlflerence combuslion 16 16 16 16 16 16 16 

WUSP Sam1>1e Formalion j!o_lt!'oiogy_ 
. 10.60-- -- 0.79 2:~ - 3.96 WPSF001C Foolwaii_M\!~SI.Q!'~? _ .. __ __ ....Qd__ - 0.07 5.61 1.11 2.32 2.80 0.48 0.80 o. 12 0.16 

WPSF004C Lower ()re zon,J! .. _ ····- __ .!.,_1___ _0.71 ___ -- 0.81 1.53 35.80 50.08 0.45 0.64 0.30 0.36 0.12 0.20 0.53 0.71 
WPSF015C Lower Ore zo~ Mud~~ ____LL_ f----0.29 2.96 5.59 24.60 34.42 1.31 1.87 1.43 1.72 0.14 0.23 0.17 0.23 
WPSF020C Lower Ore zo Phosphorite 1.4 0.26 1.06 2.00 29.50 41.27 0.51 0.73 0.50 0.60 0.22 0.36 0.14 0.19 
WPSF031C Lower Ore zo Mudstone 0.7 0.12 5.85 11.05 8.93 12.49 2.30 3.29 2.89 3.24 0.16 0.27 0.24 0.32 
WPSF036C Lower Ore zo Phosphorite 0.6 0.14 1.57 2.97 34.30 47.99 0.65 0,93 0.78 0.94 0.10 0.17 0.15 0.20 
WPSF040C FalSe Cap "Mudstone 1.1 0.18 3.48 6.57 21.40 29.94 1.75 2.50 1.83 1.96 0.20 0.33 0.11 0.15 
WPSF045C Lower Ore zone 1.2 0.25 2.86 5.40 24.50 34.28 1.46 2.09 1.17 1.41 0.19 0.32 0.17 0.23 --
IWPSF081C Middle Waste 1.1 0.12 6.41 12.11 3.82 5.34 2.16 3.09 2.20 2.65 0.06 0.10 0.63 0.85 
WPSF078C Middle Waste Siltstone 0.6 0.13 5.87 11.09 8.70 9.37 2.48 3.55 2.39 2.88 0.19 0.32 0.86 1.16 
WPSF097C Middle waste Phosphorite 2.1 0.36 3.08 5.82 19.50 27.28 1.62 2.32 1.29 1.55 0.18 0.30 0.29 0.39 
WPSF121C Middle Wasle !'_h_~horite 1.5 0.18 5.25 9.92 7.03 9.83 2.41 3.45 2.08 2.51 0.28 0.46 0.36 0.51 

IWPSF121X MlddleWute Phosohorlte 1.8 0.19 5.15 9.73 7.03 9.83 2.48 3.55 1.91 2.30 0.28 0.48 0.37 0.50 
WPSI"141C UooerOrezo Phosphorite 0.8 0.14 1.55 2.93 33.30 48.59 0.48 0.88 0.54 0.85 o. 12 0.20 0.11 0.15 
WPSF154C UooerOre_~.Q, ;thosphorite 0.3 0.11 0.93 1.78 - 37.00 51.78 0.32 -- 0.46 0.30 0.38 0.08 0.13 0.10 0.13 
WPSF187C Upper Wasle ~a~~ --- 4.7--'---?-'~- 7.30 13.79 1.14 1.59 1.47 2.10 2.10 2.53 0.75 1.24 0.08 0.11 -
IWPSF177C Uooer Wasl; Carbon Seam 3.0 0.32 6..81 12.86 4 78 8.86 1,57 2.25 1 .82_ 2~ . 0.62 1.03 0.10 0.13 
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Section F (wpsF) Sample Geochemistry 

Unit w/in P, %, ICP·t6\ POx,%, ICP· Si, %, ICP-16\ SIOx, %, ICP· Ti, %, ICP·16 TIOx, %, ICP· Sum Oxides, Ba, ppm, ICP· Cr, ppm, ICP· Mn, ppm, ICP· Nb, ppm, ICP· Sr, ppm, ICP· Y, ppm, ICP· Zr, ppm, ICP· 
Phosphoria J 16 16 16 % 16 16 16 16 16 16 16 

WUSP~ Formation LJ!!'~~o.ID'._ 
------o.25--f---a: 57 WPSF001C Footwall Mudstone? 36.30 77.65 0.47 0.78 98.4 332 365 417 <10 53 34 454 

WPSF004C Lower Ore zone _____ 15.70--- 35.97 3.45 7.38 0.05 0.08 97.0 105 857 <100 <10 717 193 83 
WPSF015C Lower Ore zo Mudstone 10.60 24.29 12.60 26.95 0.17 0.28 95.6 190 993 <100 <10 567 212 80 
WPSF020C Lower Ore zo Phosphorite _ ___j_UQ__ . 29.10 11.10 23.74 .. 0.07 0.12 -~ 1-· 121 786 <100 <10 653 126 94 
WPSF031C Lower Ore zo Mudstone 3.85 8.82 26.60 56.90 0.41 0.68 97.1 253 645 <100 11 274 73 272 
WPSF035C Lower Ore zo Phosphorite 15.20 I-· 34.83 -· 8.12 17.37 0.12 0.20 105.6 183 693 <100 <10 1010 131 136 
WPSF040C False Cao Mudstone 9.24 21.17 15.60 33.37 0.21 0.35 96.4 129 1290 <100 <10 766 288 85 
WPSF045C Lower Ore zone ----- ___lMQ_ __ -- 24.29 13.90 29.73 0.18 0.30 98.0 ·- 186 1770 <100 <10 936 442 109 
WPSF061C Middle Waste 2.34 5.36 29.90 63.96 0.52 0.87 94.3 284 696 <100 16 1670 59 369 
WPSF078C Middle Waste Siltstone 3.09 7.08 27.10 57.97 0.45 0.75 94.2 302 1130 <100 15 444 97 361 
WPSF097C Middle Waste Phosphorite 8.94 20.49 17.40 37.22 0.28 0.43 95.8 235 1830 <100 <10 726 590 74 
WPSF121C Middle Waste Phosphorite 4.29 9.83 24.20 51.78 0.41 o.e8 89.0 299 1840 <100 <10 309 150 85 

WPSF121X Middle Waste Phosphorite 4.28 9.81 23.30 49.84 0.39 0.65 86.7 288 1580 <100 <10 311 146 192 
WPSF141C Uccerorezo Phosphorite 14.70 33.68 IU9 20.09 0.11 0.18 105.1 113 719 <100 <10 717 370 127 
WPSF154C UDP8r Ore zo Phosphorlle 16.20 37.12 5.81 12.00 0.07 0.12 103.8 71 514 <100 <10 691 215 76 
WPSF187C UI!I!!I'Waste Carbon Seam 0.84 1.92 28.90 81.82 0.43 0.72 85.8 288 2150 <100 <10 49 94 291 
WPSF1nC Uooer Waste Carbon Seam 2.09 4.79 28.00 55.61 0.39_ 0.65 BU .. 249 1650 <100 <10 133 260 268 
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Section F (wpsF) Sample Geochemistry 

Unit w/in AI, %, ICP-40 Ca, %, ICP-40 Fe,%, ICP·40I K, %, ICP-40 Mg, %,1CP· Na, %, ICP-40 P, %, ICP-40 Ti, %, ICP-40 Ag, ppm, ICP· As, ppm, ICP- Ba, ppm, ICP· Be, ppm, ICP·' Cd, ppm, ICP· Ce, ppm, ICP· 
Phosphoria ! 40 40 40 40 40 40 40 

WUSPs.nple Formation . .. ~ LithologL_ ------- -·--- ---------- ·----------------l--o.i3. WPSF001C Footwall Mudstone? 4.93 0. 72 2.58 2.11 0.44 0.22 0.29 <2 48 317 <1 22 53 .. 
WPSF004C Lower Ore zone 0.79 33.20 0.45 0.3 0.11 0.55 15.70 0.05 7 <10 106 <1 142 23 
WPSF015C Lower Ore zen Mudstone 2.76 23.90 1.29 1.5 0.14 0.17 10.00 0.04 9 <10 173 <1 107 45 
WPSF020C Lower Ore zo.rl£'hosphorite 0.94 29.10 0.49 0.5 0.21 0.14 12.00 0.05 13 <10 116 <1 132 18 
WPSF03tC Lower Ore z~q Muds!~~ 5.47 8.38 2.15 2.64 0.16 0.22 3.57 0.22 9 14 232 <1 66 59 

0.58 0.73 0.10 14.10 0.06 <10 Lower Ore zon Phosphorite 1.38 33.10 0.16 4 171 <1 175 25 
IWPSF04oe FaleeC~]f,1udstone 3.30 20.20 1.58 1.71 0.20 0.11 8.94 0.07 21 <10 135 <1 146 50 

Lower Ore zone 2.82 23.80 1.39 1.19 0.18 0.16 9.89 0.03 22 <10 189 <1 110 84 
WPSF081C Middle Wast~ 5.84 3.57 2.03 2 0.05 0.59 2.30 0.27 14 28 256 <1 12 61 
WPSF078C Middle Waste Siltstone 5.49 5.96 2.32 2.33 0.18 0.83 2.99 0.27 4 22 295 <1 tO 79 
WPSF097C Middle Waste PhE~ 2.76 19.10 1.42 1.25 0.17 0.26 8.31 0.05 7 <10 215 1 44 97 
WPSFt21C Middle Waste jf>_hosphorite 5.03 __ ~--~- 2.36 2.07 0.28 0.37 4.28 0.21 17 <10 301 <1 32 62 

WPSF121X Middle Waste Phosphorite 5.01 7.08 2.42 2.02 0.26 0.37 3.90 0.19 16 <10 293 <1 32 63 
WP8F141C u,.,.r Ora zo Phosphorite 1.37 31.20 0.44 0.54 0.12 0.11 13.90 0.06 4 <10 97 <1 71 36 
WPSF15o4C UDDer Ora zo Phosphorite 0.82 34.90 0.27 0.29 0.08 0.10 1&.10 0.04 c2 c10 &3 <1 78 22 ·-
WP8F187C UDDer Waste Carbon Seam 6.36 1.02 1.34 2 0.89 0.08 0.61 0.28 7 <10 300 <1 4i 40 
WPSF177C UDDer Waste Carbon Seam 6.41 4.46 1.53 1.86 0.60 0.10 2.03 0.30 <2 <10 262 2 37 87 
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Section F (wpsF) Sample Geochemistry 

. . ~-- ---- I - : - - ---- -- :::"1"":"':""'-- --, - -- --- -- -- -

I
UMII wfln . I Co, ppm, ICP·I' Cr, ppm, ICP· Cu, ppm, ICP· Eu, ppm, ICP- Ga, ppm, ICP· Ho, ppm, ICP· La, ppm, ICP·I Ll, ppm, ICP· Mn, ppm, ICP· Mo, ppm, ICP· Nb, ppm, ICP·i Nd, ppm, ICP·! Ni, ppm, ICP- Pb, ppm, ICP· 
Phosphoria _ , 40 40 40 40 40 40 40 1 40 40 40 40 40 j _ 40 40 

~~ ~:,;:;;~~u_d~~~:~log_t_l L --:::~;_-= 35< 62 <,L_+-- i~f--~4-~- f--32---'--:-27 ---=:=~ 371 28 7--- f----33-- r·-3es- --14 ___ 1 
WPSAl04C LowerOrezone <2 812 108 2 6 <4 153 9 20 8 <4 54 59 21 
WPSF015C LowerOrezorlMudstone <2 _1050 123 3 __ ... 12 <4 168 12 11 13 <4 71 I 172 24 
WPSF020C LowerOrezcn_Phosphorite 2 f----784 102 <2 ____ 5 ____ t--- <4 _ 92 7 14 11 <4 40 .L.~-~ 
WPSF031C Lower Ore zQci_~udstone ___ 3 ___ 1--639 ___ __§_L ___ _g__ _____ _lg_ ___ l--~----~--- _ _!..L_ __ 49 21 6 ___ 1--___iL _ _I ___ 257 _ r---18 __ 
WPSF035C Lower_Qr@_;or,P~~- ~? ____ ~- ---~-1---~---- ___ 8 ___ 1----~,1. ____ 9_3____ __ 7 7 3 <4___ 41 t 23 19 
WPSF040C FalseC~-- J~u-~tone _____ .:1 ____________ 1_?50. ____ ___j~--1--__§_ ___________ _l!_ ______ --~~ _____ ...1.ll_ _____ . _j_!1_ __________ 10 14 1--~4_ _____ __J_Q§_ ___ [_ _ 222 __ __ _J_Q_ __ 
.WPSF045C LowerOre_Z_.9!J.~-------------g_ ____________ __1§31Q. ...... +-- 187 6 _______ __l!__f---_1 _______ __m _____ _lL__ 13 7 --f-~------7_8 __ L __ i§. ____ 1_g__ 
WPSF061C MlddleWastei __ <_2 ____ 690 87 <2 _____ 7 __ ~---- __ 6_1 ____ 8 ____ ,---_<4 6 12_____ _Q__ _ _;_ ____ 77 14 
WPSF078C MlddleWasteiSiltstone 3 1130_ 88 3 15 <4 ____ 100 18 56 14 9 r-- 70 I 91 15 
WPSF097C MlddleWast~i£'11__o~~--..:1.---l----ill..Q-- 187 7 __ 14 7 408 c--· 16 13 4 <4 202 I 55 17 
WPSF121C MlddleWas!~-j-~~.!E.~?~-----;_g_ _______ p30_ 174 _....!£_2 __ 1 _____ 1_L_I--~- _.!P.£. _____ 24 12 9 8 57 47 17 

WPSF121X Middle waste I Phosohorlte < 2 1500 180 2 17 <4 I 97 I 22 I 10 9 7 60 I 46 15 
WPSF141C UDDer Ore zo~Phosohorlte 5 ________ 770 74 4 6 1 <· 

WPSF154C Upper Ore zonfhosphorlte ·- ____§______ .. 449 _ 49 2 <4 1 <4 1 1 
WPSF167C UpP<!_rWaste l~~r~~~--- -~---- _____ ?_t_~_Q__ 303 _ _g_ ____ ll_ __ 
WPSF1nC Uooer waste 'Carbon Seam < 2 1440 240 5 21 

I - 210 1 8 I 50 2 <4 

1---{f --f.-
30 13 

129 --1- 5 i 58 3 <4 - 18 11 
<4 I 45 +- 47 16 30 8 40 110 12 
<4 175 40 I 19 4 8 121 i _158 14 
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Section F (wpsF) Sample Geochemistry 

~Unit w/in 'Sc, ppm, ICP-' Sr. ppm, ICP-~ Th, ppm, ICP-1 U, ppm, ICP-~ V, ppm, IC-P- Y, ppm,ICP- 'Yb, ppm, ICP-[ Zn, ppm, ICP-

:=:,1§~;::~:!''" t<;_ .. -- ~;;.=1-=~~if-biE~.-- _!:;~--= -~~-~~o~=~~--:-~i;~----
WPSF015C Lower Ore_ zor; Mud~~one_J_ _ _g_ ___ __ -~-:),Q_ _ ~-~L __ -~_1_QQ_ ____ ill__, 20,L_ _1_Q_ __________ 1550 __ = ~~:::g~!-~~~~~~!i;:::1=-- ~-~-=~~!i--~-=-~:~-- =--:~~~ -----:::~ !k~ _:- !:=~-=--===~9~7i __ _ 
3: !E:~:.~~~~"~~~el=-- ~~-- -~~-Xt~--~ -- ~:- -~ -~-~~~: __ ~1:~5~ -=--~:~ ~~-- =l~-- =- ~=-i;~---
WPSF078C IMiddleWasteiSIItstone I 13 I 4~6 __ l _14 ___ I <100 I 201 I 94 I 6 406 
WPSF097C IMiddleWasteiPhosphorlte I 6 I 669 I 7 I <100 I 167 I 552 I 23 I 426 
WPSF121C IMiddleWasteiPhosphorlte I 12 I 289 I 11 I <100 I 613 142 I 9 I 186 

WPSF121X --- 7 <100 836 143 

* 
WPSF141C <6 <100 215 340 -- r- ___ill 
WPSF154C -- <6 - <100 283 199 

- ~~: -WPSF187C 14 <100 459 82 
WPSF1nC 15 <10.!L _215_ '-- 263 537 
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Section E and F: Accuracy and Precision 

Pro)oct , ~- I I C8rt>onote C. 
Chocll I As. ppm, Hg, ppm, Sb, ppm. Se, ppm, Tl, ppm. C, %, C02, %, %, Organic C, %, S, %, 

tt.ncltonto Lab No.±~~· CVAA hydride I hydride lusion·AA combustion acidifiCation aeidlication.l difference., I combustion I AI,%, ICP-161 Ca, %, ICP.-161 Fe, %,1CP·161 K, %, ICP·161Ma, %,1CP·16J Na, %, ICP·16I P, %, ICP-16 

POW·1 C·U1293_ ...... !.<~---~ 0.24 2.4 47.3 2.2 3.09 0.14 0.04 3.05 1.28 2.1 3.07 .l 1.01 0.59 0.19 ) 0.08 1.33 
4•9amplo I 

Moon 
4-Umplo 
Rololive Std. 

10.9 0.2 1.5 52.1 2.1 3.07 0.14 0.04 I 3.03 1.3 2.12 2.85 1.10 0.60 0.20 0.08 1.31 

o.v .• ~~------· 10°/~ ----~--1 __ 41!.. L. 7~----f---~-1-~---1--'1.~.0% ___ +~--i 3% I 4% I 8% I 13% I 6% 7% -1-~--l---~ 

--"-+-~-1·=-+-% ~~~~~~--f---:-:-:---+~ 
Rolollvo Sid. 
0111.,%, 
.. ~n 14% 4% 1% 2% 0% 1% ·2% ·1% 8% ·8% ·2% -3% 3% 2% r .::.:.:=­
=-:.;!. C·141292 __ j·. ;l_Qc! .. ~...J!,Q__·t·· 128 2.2 7.71 4.38 1.20 6.51 0.94 3.80 16.4 1.58 1.39 1.15 0.80 6.09 

=mpl· . ---- I .. 3_!,!! 
0.51 6.9 t1Q.._~ 1 7.88 1 4.42 1 1.21 ·+ 8.45 1 o.9o 1 3.56 1 u.z 1 1.57 1 1.41 1 1.12 1 o.59 1 5.8o 1 

RaloltvoStd. 1 

o.v.,% 1 --~"'--- I 8% I 13% f--.. 8% I 7% I 1% I 1% I 1% I 2% I 4% I 2% I 9% I 8% I 5% I 6% I 3% I 6% I 
Rolollvo Std. 
0111.,%, 

l .. mpl .. moon 1 f. __ ,_4.'Lo_.mJ.-~--t-_11!!_. __ ~ ·9% 1 ·9% -+- 1% 1 ·1% 1 ·1% 1 1% 1 4% 1 1% 1 12% 1 o% 1 ·1% 1 3% 1 3% 1 5% 1 

POI-1 
-4-S.mplo 
MOon 

C·141273 .1M. 0.25 2.4 47.5 1.4 3.!f_ 2.51 0.89 3.19 2.75 5.83 4.10 2.51 1.92 1.08 O.S7 1.18 

•a._5_ ... L.~--1·--~---~-- -~~-L 1.4 1 3.81 +-~~ 1 3.13 1 2.10 1 s.73 1 3.88 1 2.48 1 1.97 1 1.04 1 o.5s 111 1 

::;-~ I " I .. I '" 1 5% 1 7% 1 2% 1 o% 1~ 2% 1 4% 1 2% 1 9% 1 2% 1 4% 1 4% 1 1% 4% 1 

RolollvoSid. 1 

0111.,%, I 
.. ..,. •• moon _::::.i -~-0~==---!- 11% I 26"'-t 7% I ·2% I 2% I 0% I 1% I 2% I 2% I ·2% I 8% I 2% I -3% I 4% I 2% 5% I 

AMiyzocl I 

-- I -rtol \ As. ppm, 
SARL·1 Lab No. ~- _hydride 

C·141306 ....... \i,L. 

Hg', ppm, 
CVAA 
0.19 

Sb, ppm, 
hy!!ride 

5.8 

1----t'C"'-·.:.:14'-'1""30""8'-- ... ..!..li-~ 

1-----f'~"':"~"-:~'-'~'-'~"-~ .!.. - ;~ ~ ~: ~ ~ : ~ -+-
Acemod Value - 16'5" o. 18 5.1 
Rol.~cDIII. .. _ _i8% : 14% 10% 

Se, ppm, 
~e 

1.1 

ll 
0.9 
0.9 
1.0 
0.9 
6% 

Tl, ppm, 
luaion·AA 

1.2 

L! 
1.1 
1.2 
1.2 
1.4 

·18% 

C,%, 
combustion 

1.09 
.L.1.Q. 
1.09 
1.10 
1.10 
0.97 
13% 

C02,%, 
acidification 

0.37 
0.39 
0.39 
0.39 
0.39 
0.40 
·4% 

Carbonate C, 
%, 

acldificaHon 
0.10 
QJ..1 
0.11 
0.11 
0.11 
0.11 
·2% 

AN11yzod --- - - ----- --+-----1----c----+---+---+----+---+--· 
Reference Carbonate C, 

Organic C, %, 
difference 

0.99 
0.99 
0.98 
0.99 
0.99 
0.86 
15% 

S,%, 
combustion 

0.07 
0.07 
0.08 
0.07 
0.07 
0.07 
4% 

uat.rtot As ppm Hg, ppm, Sb. ppm, Se, ppm, Tl, ppm, C, %, C02, %, %, Organic C, %, S, %, 

AI,%, ICP·16 P, %,1CP·18 
~u o~ 

5.75 0.07 
LU 0~ 

8.43 I 1.18 I 2.88 2.98 I 0.56 1.60 o.o9 
8.08 I 1.09 I 2. 73 I 3.09 I 0.54 I 1.52 I o.o8 
5. 79 1.06 I 2.67 2.98 I 0.55 1.53 o.o9 
5% I 3% I 2% I 4% I ·3% I ·1% I ·11% 

......... l-- 19 1 0.18 5.8 

SARM-1 Lab No. --i . _ _htdride CVAA hydride hydride tualon·AA combustion acid"icetion acid"ieetion dillerenee combusllon AI,%, ICP·16 Ca, %, ICP-18 Fe,%, ICP-18 K, %, ICP·16 Ma, %, ICP·16 Na, %, ICP-18 P, %,1CP·16 

t------+.C:o-·:-14"-1':3":07-7 ,_ -~- 0.11 6.5 0.5 2.1 0.31 0.08 0.02 0.29 0.12 8.20 0.55 3.11 3.09 0.45 1.18 0.07 
1---.,----f'C:'·"-1"-41'-:3'-'"!09__ .i ~-'1.2 .. __ .QJL ___ 7_._1 _____ . --~ 2.3 0.29 0.08 0.02 0.27 0.12 8.37 0.58 3.18 3.13 0.48 1.18 0,08 
t-:-----TC"-·_,14,_1,_,3,_,1_,__1 .. ! -~~§... ---~-.......LQ._--~- 2.4 0.30 0.08 0.02 0.28 0.12 8.46 0.58 3.28 3.19 0.48 1.19 o.o7 
Aver••• ------\ _ .'l.L~---- ___ 0._1_1 _____ _ll_ __ 0.4 2.3 0.30 o.o8 o.o2 o.28 0.12 8.34 0.56 3.18 3.14 0.47 1.18 o.o7 
~od Volue 

1 
-_·_· 37.0_j 0.12 5.6 0.3 2.8 0.30 0.07 0.02 0.28 0.13 8.09 0.58 3,22 2.92 0.50 1.19 0.08 

Rei. Sid. 0111. ____ ,_ .. ...?.'!! ... _ . ·6% 23% 21% ·19% 0% 14% 0% 0% ·8% 4% ·3% ·1% 7% ·6% ·1% ·8% 

1-=--:-:--=--+--- ·-+ SocttonE , 

I 
~ ~-----+----

ond F I 
Pnololon 

1 

Number ol 
L~rs 
Avg. Rei. Std. 
Dill. 

I 
1_o ___ t-_1.Q_~L .. -f-... 10 1 10 1 10 ! 10 1 10 -J.. 10 1 9 1 10 1 10 1 10 10 1 10 1 10 1 10 1 

! I 

Avg. Rot. Std. 
Oov. 

"1 __ ,_1~---t 6% I 21% --t- 17: 

8% ·- 4% _15'4.. 

15% 2% 

10% 2% 3% 5% 5% 8% 6% 4% 3% 9% 

12% I 13% -+--9% I 4% I 7% I 8% I 8% I 9% I 6%--t 5% i 11% 
1 

9% I 6% 7'· 
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Section E and F: Accuracy and Precision 

ChOck 1 Ba, ppm, ICP·I Cr. ppm, ICP· Mn, ppm, ICP· Nb, ppm. ICP· Sr. ppm, ICP· Y, ppm, ICP· Zr, ppm, ICP· Ag, ppm, ICP· 
-Ida Sl,'llo,ICP-16J.!~~,IC .. P·16 16 16 16 16 _ !!.__.l 16 16 Al,'llo,ICP-~0 Ca,%~1CP-40 Fe,'llo,ICP-40 K,'llo,ICP-40 Mo,'llo,ICP-~ Na,%,1CP-40 P,%,1CP·40 Ti,%,1CP-40 ~0 Project . 

1 

~ I 

POW·t 36.0 -\· ........ 0.-!..Q. 176 577 <100 <10 131 _T 122 65 1.80 2.94 1.01 0.56 0.16 0.07 1.35 0.08 <2 

4-Sa~e i j j 
Moon 36.5 i _9 10 __ [_ __ J.lL ... __ !!QL ____ <100 <10 __ lll.__t__ 122 10 t.86 c-J-M_.. 1.01 o.57 o.18 o.o1 1.24 o.o8 <2 

~~:·Sid I ' I 'I 
:iv: $1~------~r,. 5% _2_~. 5_% I <100_ . ----------- ,.. 3_% I .. 1"!. ....... 1---.Uo/o .... -f---~-- .. Jo/o ....... j---1%--\ 2% 3'1,_ -+-- _g'!!._ __ 
Otlf.,'llo, 
urrd•meen -1% ·?% 0% ·1% 3% 0% 

g% _____ _j ___ ~_!.-

9% 1% 

.._ > ~ , •. , ~ f-· , .. -:r~ .... -:j::~,,~i- , ~----~-.,.~. :t-Q_3 _ 3 20 -=-±~·16:~-=-- 5 87 -t= 0 11 I . ~1 ="'¢• 16.6 _ \- o.2~ -1---_g~!--+ ..lliQ_l_ ______ _ ___ --~g_---~---1Jl.L ___ _1d2_.J ____ ~_g____ 54r---l-. 0.11 9 

Relotlve Std. [ i I 
Dev., 'llo 5!-____ 1 4_% __ , _____ _<~_·~-- --+--~----- j. _ ... ____ _______ -~"!. .... +----~---~- .1-.-~"!. ...... ~ .... !..1'!! ___ ) __ ~-'L__j.. 4% 1 3% 1 __ 1.'!!.__[--~L_j.. 16% 1 20% 1 

I I I 

~~Std. 1. fl ll ~ i 10mPlo·meon t% .... _ 3% _ ~ ... .....9-"' ..... __ __..J!'!!_ __ ·t-~-r-~~--~- _15% 

~~~. 26.80·-t 0 ~£-_ =- 27e t-~ 221 .,o 128 i- 91 270 5 34 ::=;:::~-3-871- 2-~;1= 2.02 I 1.09 I 0.57 I 1.14 I 0.26 I .2 I 
Moon 26.40 -; 039 ......... .l!! ... ...J .. -~~-- __ 2_13 __ ~---1-______!l.L-11_ 88 264 570 367 2.48 2.04 1.04 0.56 1.13 0.26 
~ ... ,..,,. I I 
Rolotivo Std. · [ I 
Dev.,% 2'1', ___ i 5% __ 

1 

_____ _!'!,_ ____ f __ ;!';,_ ___ _(_ ___ 7% _______ r-_....l'!!._.. _ .. 1% 1 10% 1 5% I 7% 

Rolotive Std. I I 1 Otlf.,'llo, 

10mQ!e-mean 2% -! _ 1!,_ --1--~--- __ _g_% __ ... -----r---- __ 9.%. __ + 3% 1 2% --+-~-+ O% 1 O% 1 ·1% 1 4% 1 1% 1% ·3% 1 

6% 

·1% 1% 1% 3% 7% ·1% 

1% 3% 6% 3% 6% 

A .. tyzed I 
Reference 

1

1 
-rbtl Ba, ppm, ICP- Cr, ppm, ICP· Mn, ppm. ICP· Nb, ppm. ICP· Sr, ppm, ICP· V, ppm, ICP· Zr, ppm, ICP· Ag, ppm, ICP· 
SARL·1 Si,%,1CP-16 Ti,o/•,_~~:1_6_~--- 16 16 18 16 16 16 Al,'llo,ICP-40 Ca,%,1CP·~ Fo,'llo,ICP·~ K,% ICP-40 Mo,%,1CP·~ Na,o/o,ICP-~0 P,o/o,ICP-40 Ti,'llo,ICP-~ 40 

1-----+--'3"~"'.~'--1- ..Qdl __ r---m_- 107 2<!80 35 153 53 380 5.76 1.03 2.67 _2_,88 0.54 1.49 0.08 0.32 2 
1-----+--:3~1:".2'---j- .Q2?._ r-- 893 __ f- 108 1820 38 141 48 366 5.6~ 1.02 2.,60 2.U 0.50 1.48 0.08 0.30 2 
t-----+---"3"'3,_,.1_ 9~9 ___ r--~---1---l!Q_ 181o 35 u~ ... 4o 381 5.88 1.oa __ :t83 ~-8• o.53 1.49 o.o1 o.29 2 
1-7-----t---:3':'6-:.3'-- .. IL3~-- ___!ll__ 119 2180 43 1-58 ~3 357 5.68 1.14 2.62 ...t,87 o.51 1.48 o.o8 0.32 3 
......... ~3.8 0.31 942 111 2018 37 149 46 374 5.69 1.06 2.63 2.97 0.52 1.49 0.08 0.31 
l~ed Vatu 33.6 0.25 879 110 209~ 35 158 44 408 5.79 1.06 2.67 2.98 0.55 1.53 0.09 0.25 
Rei. Sid. Oil!. 0% ___ 2~--- r--I-lL- 1% ·4% 6% ·6% - 5% ·8% ·2% 0% ·1% ·1% ·5% ·3% ·15% 22% I ·13% 

... lyled --- ------- -----\------------

Re ..... nce [ 
-rial Mn. ppm,ICP· Nb, ppm, ICP· Sr, ppm,ICP· V, ppm,ICP· Zr, ppm,ICP· Ag. ppm, ICP-

...!!!!M:L Sl,'llo,IC~:I~.p:.t. __ ~_l(;)'~_e_ -~ ~-------....!L.,_· 16 18 AI,%,1CP·40 Ca,o/o,ICP·~ Fe,%,1CP-40 K,'llo,ICP-40 Mo,%,1CP-40 Na,o/o,ICP-40 P,o/o,ICP-40 Ti,'llo,ICP·40 40 

1------1---:~c:~'-'.~'--tl-- ~~: ~~~ :~~~ ~: ~:~ ~~ ~:: :-~~ ~::: ~::: ~·~~ ~::: : ~: ~.~~ ~:~~ : 

1-----1---"3"'4'-'.o'--ti:~ _ (Ue_~:~ ------e26 97 5100 31 153 27 315 6.12 o.56 3.18 3.01 0.48 _.l.J.L_ o.o8 0.38 4 
Av01oae 33.4 I 0.36 808 96 5040 38 149 30 340 6.08 0.55 3.17 3.00 0.48 1.17 ;-- 0.07 0.38 4 
Aeeooted Vatu 3~,~-=-! o;~s. ··=-=-·764:"_:· __ -~~ 101_-~~ -- 5200 31 --=~-- 33 370 6.09 0.58 _...Ul_ 2.92 0.5 1.19 0.08 0.35 3 :::Nf! --~~-- i 3% __ -F:::_:_ -~=~ .. --=~-+=-~·~3% -~~~-~=~=-=-~-."!..._-~~,., -8% ~-- ·5% ·2% 3% ·4% -~..__, ~~~~_J_:___~~"--

~=: L ___ -i r--·- -I --- +----- ----------------- ----+--C------- l··~ , 
:duplieatepair~\ ........ !9 10 i 1_0 , 19 ; . _ ~-- __ t __ Q_ .... ___ LQ... ...... 1.9. ________ 10. _________ 1_o _____ --· _10 ___ __.!Q _______ 10 10 .. ..!9 _ -+- _l.Q_ __ .j .. _10 -j- __ 6 __ 

~~- ::.:::I 6'1,_ 8% _ll __ 6% _ --f---·1..'!-. ... \ _ --~"-- ____ --1--!..'!!..... ____ 9.o/o._ _____ j__19_!._ ________ 4!, ____ ~----~'I,.. _____ J ________ ..E_'fo> 5% .5% t
1 

___ ;1!·----i-____ y;, ____ JI_ 12% j ____.!lli..._ 

Oev. 5% 6% __ 4% I 5% I 6% I 5% i 6% ... [ t3% ... 3% _I . _5%. _( ... _3% ____3_% _3•1. __ 3% J ___ 7_% _ _i% __ 9_% 
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As, ppm. ICP- i Au. ppm. ICP­

~;.:::==-t---"-'40'-_j- - ~--

-~~~ -~ :: 

Section E and F: Accuracy and Precision 

i 
Ba, ppm, ICP· Be, ppm, ICP· l Bi, ppm. ICP· Cd, ppm, ICP· Ce, ppm, ICP· Co, ppm. ICP· Cr, ppm, ICP· Cu, ppm, ICP· 

40 40 j 40 40 40 40 40 40 
1---~- ·-·---~-L- _ -----~~-1--_!1..-__ 2_1 __ -+--__ 3 ____ 5_1_(1 ____ --~ 

Eu, ppm, ICP·j Ga, ppm, ICP· 

40 ~·~o---+--~~--+---~~~--~~--~--~~--~--~--~--~~ 
9 <4 

-- 17 I 36 L __ _171 --~-----··----•50 11 22 4 - ,_.~2..1 ________ ~ 2 I 7 1- <4 fU 

--j~ __ __j 5% -~-~--_ll_'l,__-+---~-~----~~--+ 0"/o "' 

------- i . 
I 
+ 

----~-- .. ___ gj_ ___ +-~--~-·-

.... -·· 18'/o 6% 1-- --·-
Oltt .. %. I Rototlve Std. j II 

-~- ------- - ----~- ?.!.'L ____ _!!!.. __ .j~.......J..-_..go% I I ,..,. I ·r"to I I ·21% 1% I 
-!---···· 

~ 
17 

I 
64 

I 
29 ::::±--.-4-

6 
30 1- ----.4·--

Dill .. %. : . ' 

... L-~----- --------~-- -~- _________ Ej! _______ Q.I!__ ___ 1o% 8% -4% ·3% -.!--~- ____ _ 

.. ~.-289-:_ -~~-=~i - _ _ ______ 8 ___ ....... !L.. • ~~ ·~i-.:: ~-~~:J":":=:.: .:..:-:::.:J-:-~-- __ <4 _ ---~ --= iL.. _ _ .?o"§ -=- ---_:1e-__ - - -_ -~ --= 
_1_~.!___ 1 ---~_1___ _ _____ 3 _______ 1_!,_ ______ ~---- 23 202 _______ __1.8 ____ 1------~--

Rolotlvo Std. --~1% _l __ __M!__ ·-------- t ·---- --~- ___ ___!_~!..__ ___ 9_~-- ·--~- --- 22% --· 14% 4% 7% 5% -- --~--t 35~._ 

,Oitt .. %, i , I ~ I ) 
ita::::]:~-:·.. l _ ..... ~~--+ -~---- ; .. :~=t~-=-0% --:: .. --=-:~~-..:.-j:--~=- --_ .... ~~% _-J::~::.::~~:~~- -:.::12%-- 3% -3% 2% _J~~ 

Rofo111nco I I I I I ; 
--~:~~~~ -1 As PI>•~ ICP· Au ~~ ICP· t B~: ~~:CP·' Be, p~p: I~P-, B~ ~~I~· Cd~~~~:·. _c:~~~~~J .~:~~~~: -~~~":; ICP· C~,~,l~· ~"·-~~,ICP~ Ga. ~,ICP· Ho, ~~,ICP· La, pp4";; ICP· Li. pp;'0 ICP- Mn, ~~· ICP:,_____i.Q__j_ __ ._O __ 

L -t_~:..:li :t __ '-- :~~ -._-_-.::L.~:t~: -l __ )~~-+- -~ - J ---+:~-::~t-==-~----- __!7L -----~~:----+- -- : ~ :: ~! ~: ;~~~ : ~ +-- ~~ · 
____ _ J... 11 •6 I __ m. :. . 3__ ~ ~~Q.=t ___ l_ --1 w.... __ ~- __ L _____ .. !l.7 _ -~-- --~L ______ __!L _____ ...!i ___ ___ IL-+-- 21 2020 --1-----'--~ __ ~--3_8 __ 

=-:,j=-·-:!-:... ..;
8

---~:_-~:~t~-:_-_---~-:: ~ ~;~~---' --:--- --~- '-=-1~~-==~--J:--·~it-- :--~-- ---:-~-----~ ;: ~~ m: --~--- --!-
Rei. Std. Dill. I __ 2'"-.. .. _ -l----~--1--:§.~ _ j .• ···::::::_ --=-~~-: _ _::~%__ _:_~%_:::: __ =-=-~~~-:-::t---~r-- --r-~- 3% -4% -4% 6% _ -~ 

n, ICP- Ll. ppm, ICP· 

Anolyzed 
Rot.111nca 
u.tortal 
IARM·1 

.+.s. ppm, ICP· ~Au. ppm, ICP· Ba, ppm, ICP· Be, ppm, ICP-1 Bi, ppm, ICP· Cd, ppm, ICP· Ce, ppm, ICP· Co, ppm, ICP· Cr. ppm,ICP- Cu. ppm, ICP- Eu, ppm, ICP· Ga, ppm, ICP· Ho, ppm, ICP· La, pp 
0 40 

6 32 
~-L--~.L ___ a_5o _____ 2___ .so 5 113 12 49 318 •2 21 •4 s 

.......... 35 837 2 5 115 12 61 315 18 60 

9 I 29 
6 31 

___ 3_1 

l~ed Vatu 37 :---.~~.::: ... __ lli..___ _ 2 __ - __ L_ 5 120 11 101 .. 320 1 20 2 61 1 __ 3_0 

~-_ _+:~-~··!i:·. :903 -~0 -··t~ .~00 ~0 1~08 ~~ 1~02 3~02 :~ ~~ :~ :o 
36 ___ ~---~---- 869 ___ 2 ___ ----~so 5 12s 12 31 325 <2 11 <4 e 

:::·:llf ·5% 1----- -- -~- 10%=-==-1~%...:-.::: ~--- 5% ·4% - 9% ·40% ·2% ·8% ·1% J .. I :::r= I 2% 

;'!~lon __ -~----!-·--------+-·-· 
I 

N~r~ i 
dupllcatepeirs_ 3_ ! .. - .. .!!! 1----o 
Avg. Rei. Std. 1 

~-16'/o__ ·-t--~--t-- .. ·----1;-:· HOI. "'"I 11% <% -:: l:: 1=:--r:~r: r: 1 ::J , =t :J :': j ::J :k:~-
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Section E and F: Accuracy and Precision 

ProJect : 
Cllock Nd, ppm. ICP"l Ni, ppm, ICP· p=:nt· :~ r.: ~~~-=-+--"::"--j--7--+--..:::"::--+--::::::---+--=c::--+-...::..:'--J--'c=:-+--=====--~-:-=-:::--+--..:::c--+--::::::--l 

J4-Somple 1 

!Moen 57 ' 
4·taft'4)1e ---·1·· tjlr__ 10 5 +- •5o 1 126 1 •40 -1 •6 1 .,oo t75 1 119 1 6 1 849 1 

ReloliYoSid. / 

Dev.,% 7% --·1 ~1'·~·- 56% 13% ·-l---',.2!.""- -l------1--- 4% s% ~ 1 2% 1 

12% ·2% 

RoletiYoSid I. ' I =:4 i 
Dl!f .. %. I 
;;_- - ',~ n .:: +-::·.~~~ ~~=.-= 1= i.~ ~ ~~:= ~ ,.~-=::F< t;;~~+= ~: l ':::--- ---:9--f-----l 

1M- 74_ _ 203 1 ___ _j~- ---r··-.L ___ !.. .. .9.9.. __ 2ll_ --~----J _____ 9 __ +-•10o_}~_M_L_ _1~-+---'9'---f--'-'-""--l 
4· .. mplo : . I i 
Roletlvo Sid. I I I + j lo.v .. .,. i 16% __ -I 6_% __ + __ i1J. _____ 1 ____ !l.!-. I ..1!!. ____________ T __ nlL.._ _________ I-'_ .... 3% ____ 1 ___ '\.!!._l 7% I 3% I 

~:~~:-" 1% ! ·1% ·32% f 7% I I 
·1% 6% ·4% 

:f~· :: ~~~1 ·::~ -~---~-= - ::~- ~~- - ::: ~- -- :=~:- -- -=--:-t~--1 ::~: I 
4 ... mplo .... -l- ---- ----- -------- ------ --
l~olollvo Sid. I 
~:;lv: Std. 15% i 5%- - -~-~lli_t _ _l!'!, ___ ~-- 2% ------ 22% 5% 7% 

9% 4% 

·1% _ _;)_ 
Di!f.,%, E t L .. _!1111o-rnoan ·13% __ 

1 

OJ. . ___ _,g~'{, __ _ .1'[, ____ _ -----=---==--1-- -----~----
Analyzed ... - · -·-·-- ---+ · +---- 1-------i---+ 1-------1----t---t-----1 
R.,....,.. I 

Motorlol Nd, ppm ICP· • N1 ppm, ICP· Pb, ppm, ICP· Sc, ppm, ICP· Sn, ppm, ICP· Sr, ppm, ICP· Ta, ppm, ICP· Th, ppm, ICP· U, ppm. ICP· V, ppm, ICP· V. ppm,ICP· Vb, ppm, ICP· Zn, ppm, ICP· 
8AAL·1 . ..!Q.. ---! 40 - -~--- _4_0__ 40 40 40 _ _ 40 40 40 40 40 40 

89 51 827 l 9 <50 147 <40 21 <100 135 42 5 442 
t----+--8:-4:--} _ _ _ii__ ·-· 544- 1---8---- <50 144 -----~-- - 25 <100 121 39 s 420 

1----+_-_-8:-:3:-_--_-. I _5_1_ __..!l.Q..'!.. .... __ ... ..!... ........ <50 144 . ___ <4Q ..... - .. 25 <100 130 __ 3_9__ _ 5 428 
t-:-----1--'"'='87':-·-j .~L. 560 9 ____ <50 145 <40_____ 22 <100 130 40 s 421 
AYOIIIIO 88 50 584 9 145 23 131 40 5 428 
Acceotod Volu~B ·-~ -~52-- ~- 8 --'--· 6 158 3 19 5 140 44 5 420 
Rot S1d. 0111. 0% ___ -5% 1% 9% ·8% 22% ·7% ·9% 9% 2% 

Analyzed ...,.,." .. -riot Nd, ppm.ICP·I Ni, ppm. ICP· Pb. ppm, ICP· Sc, ppm,ICP- Sn. ppm,ICP· Sr. ppm,ICP· Ta, ppm. ICP· Th, ppm.ICP· U, ppm,ICP· V, ppm,ICP· V. ppm,ICP· Vb. ppm,ICP· Zn, ppm,ICP· 
IAAM-1 40 I ___ -~_()_ ___ !--~ ~---f-- 40 40 40 40 40 40 4~--f-- 40 40 

1----+--"-48::--t-1 - ~-9___ 1020 8 . <50 146 <40 20 <100 68 25 3 807 
t-----+--"-4:-7--1- 41 1070 9 <50 147 <40 24 <100 72 27 4 967 

48 l 43 1130 9 <50 147 <40 19 <100 71 27 3 1010 
AYOIIIIO 48 41 1073 9 147 21 70 26 3 961 
"-ooodVolu 51 ____ ~--~-4i~~---f--WL_ ___ 8 __________ ..L_t-...JM... ___ _!____ 18 3 ~-- 33 3 888 
Roi.Sid.Oitt. ·7'!. :. i . Q% .... ---~--- ___ -ili_ ___ ·l----· ·6% ·-f----------· 17% 7% ·20% 4% 6% 

Socllon E 1 ;--- ------· 

and F 
PIMiolon 

Number of 
~~J?!~sj__ 
Avg. Rot. Sid 
Dilt. I 
Avg. Rot. Std. 
Oov. 

_9 

_11% 

8% 

~------ -r-- --- -~----~---t ----- · r---~----~----~-----+-----
: 9 l -~ i -- -~- _1_9__ f ! _5---1-·-- 0 -t ___ ).9 ___ 1 ---10 ·-t----~ 

::~- -~-~:·---+-:: --r--1_::--~-----r- ::~-~------r-::--r--:: -~ :: 
10 
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