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APPENDIX DR1: METHODS
Electron Microprobe Analysis

Major element compositions of the fluid inclusions were determined by electron microprobe
analysis (EPMA) at the Dept. of Earth and Ocean Sciences at the University of British Columbia,
using a Cameca SX100 with an accelerating voltage of 15 kV and 20 mA current. Analyzed fluid
inclusions were unexposed and intact, lying just below a polished and acid-cleaned surface.
Approximately 80 micro-inclusions were analyzed for each the 3 fibrous diamond coat samples,
W1, W7, and W9. Analyses with oxide totals below 1% begin to show spurious compositions.
Thus, measurements with totals below 1% were rejected in diamonds W7 and W9. The cutoff
was raised to 4% in sample W1 to improve data quality, which was allowed by its higher average
totals. The average total oxides of all accepted analyses was 4.7%. Although the sub-micron size
and high volatile content of the fluid inclusions gives low totals, the accuracy is better than 15%
for the major elements present (Schrauder and Navon, 1994; Izraeli et al., 2004; Weiss et al.,
2008). Each analysis was renormalized to 100% on a carbon, water and carbonate-free basis.
This technique is widely used for determining fluid inclusion composition in fibrous diamond
(e.g. Schrauder and Navon, 1994; Izraeli et al., 2001; Izraeli et al., 2004; Klein-BenDavid et al.,
2004; Tomlinson et al., 2006; Zedgenizov et al., 2006; Klein-BenDavid et al., 2007; Klein-
BenDavid et al., 2009; Zedgenizov et al., 2009; Kopylova et al., 2010).

Infrared Spectroscopy

Fourier transform infrared (FTIR) spectroscopy was carried out at the Dept. of Earth and
Atmospheric Sciences, University of Alberta, using a Thermo Nicolet Nexus 470 FTIR
spectrometer with a Continuum infrared microscope. Nitrogen was purged through the system
for beam stability. Spectra were collected through 650-4000 cm™ with 200 scans at a resolution
of 4 cm™. The focused beam footprint is approximately 100 pm across, but imperfections can
scatter the beam within the diamond and make the analyzed region more diffuse.

Each spectrum was given an appropriate baseline and normalized for sample thickness using
a reference type Il diamond spectrum. Spectra were processed using a deconvolution spreadsheet
from D. Fisher (Diamond Trading Company) to fit A and B centre components. The detection
limit is approximately 5—10 ppm and concentrations typically have an error of 5-10%.

Trace Element and Sr Isotope Analysis

Trace elements and Sr isotope characteristics were determined in all 6 diamonds, closely
following the methodology described by McNeill et al. (2009) and Klein-BenDavid et al. (2010).
The technique employs off-line laser ablation to accumulate a sample within a sealed vessel.
Samples were collected and analyzed at the Dept. of Earth Sciences, Durham University.



Sample Collection

Diamonds were ultrasonically cleaned in a 1:1 mix of 29 molar (M) ultra-purity (UPA, triple
distilled) HF and 16 M UPA HNO:s, followed by ultrasonic cleaning in 6 M UPA HCI, and a
rinse in Milli-Q water. Samples were collected from each diamond by off-line laser ablation in a
sealed PTFE cell with a laser window, using a UP-213 New Wave Nd:YAG 213 nm laser.
Diamonds were ablated for 3 hours in a rectangular raster pattern, liberating about 500 pg of
material. One sample was taken from each diamond, except for the largest Wawa diamond (W1),
from which one sample was collected from the outermost half of the coat and a second sample
(A2) was collected from the inner half. Diamonds were weighed before and after ablation, so that
element concentrations could be normalized to the mass of diamond ablated, to give bulk
concentrations in each diamond.

Sample Chemistry

Ablated material was taken into solution by leaching the diamond and ablation cell with 29
M UPA HF and 16 M UPA HNOj at 120 °C for 24 hours and 1 hour of ultrasonic agitation,
augmented by a second leach with 6 M UPA HCI for 120 °C for 24 hours. The leachate was
dried down, then dissolved into up in 10 pl of 16 M UPA HNOs; and diluted to 0.5 M (3%) with
UPA water for sample chemistry.

All samples were divided into two aliquots, taking 20% by weight for trace element analysis,
with the remainder for isotopic analysis. Aliquots for isotopic analysis were dried and taken up in
3 N UPA HNO:s. Sr was isolated into a separate fraction using Sr-spec resin (Charlier et al.,
2006; Harlou et al., 2009).

Blanks

Three total-procedural blanks (TPB) were prepared in the same manner as samples, post
laser ablation, to gauge trace element contributions of all acids and materials used. One of three
blanks (TPB3) had higher than expected concentrations compared to the other two (TPB1 and
TPB2) (supplementary Table 1). These blanks were then compared to a larger dataset of 28
TPB’s for the same methodology, generated in the same lab, in the same 9 month period of as the
Wawa fibrous diamond analyses, using the same reagents or manufacturer of reagents. Including
additional blanks determined in the same laboratory using the same reagents allowed more
meaningful statistics to be calculated. Analysis of this dataset using Chauvene’s criterion or a
Grubbs test flag TPB3 as an outlier, while TPB1 and TPB2 are consistent with the main
population of blanks. There is a clear case for using additional blanks to provide an adequate
database for properly estimating the limits of detection and quantification. Robust statistical
methods (Huber’s H15 method)(see Jeng, 2010) incorporate all blanks, with appropriate
weighting for outliers, as suggested by Thompson & Lowthian (2011). Using the combined set of
31 TPB’s, H15 means and standard deviations were calculated to define the limit of detection
(LOD = mean TPB + 30) and limit of quantification (LOQ = mean TPB + 100) (supplementary
Table 1).

Trace Element Mass Spectroscopy
Trace element aliquots were brought up to a volume of 250 pl and spiked with In to a

concentration of 0.1 ppb. Trace element concentrations were determined with a Thermo
Scientific Finnigan Element2 ICPMS, measuring the isotopes P71, ¥Rb, **Sr, Y, *Zr, *Nb,



1378, 1¥La, “0Ce, 1Py, 3Nd, 'YSm, '*'Eu, ''Gd, '°Tb, ''Dy, 'Er, "2Yb, *Lu, 'Hf,
298pp, 22Th, and **U. Each analysis scanned through the range of isotopes 4 times, for a total
analysis time of 110 s per sample. Variably dilute solutions of standards AGV-1, BHVO-1, and
W-2 were used to calibrate sample concentrations.

Sr Isotope Mass Spectroscopy

Sr aliquots were dried down, carefully taken up in 1 ul of 16 M UPA HNOj and loaded on
Rh filaments with TaFs activator (Charlier et al., 2006; Font et al., 2007). Sr isotopes were
measured using a Thermo Scientific Triton TIMS. Two 0.5 ng and two 1.0 ng NBS987 standards
were run along with the samples.
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R1. Wawa fibrous diamond data (compiled 04/2012)
FueTS
calculated from Std Robust LOD and LOQ from| method of mean and standard | Standard method for mean
Samples Total Procedural Blanks | Deviation of TPB 1, 2, 83| _larger set of 31 TPB's Larger set of Total Procedural Blanks, all generated in the same 9 month period as Wawa fibrous diamond analyses, using the same reagents or manufacturer of deviation calculation and standard deviation  Note
Trace Elements W1 (outer W1 (A2) (in W7 W9 W14 W29 W50 [>LOD  TPBT TPB2 TPB3  LOD Loq oo [ toa 4 8 TPB10_[TPB11_|TPB12 [TPB13 |TPB14 [TPB15 [TPB16 [TPB17 [TPB18 |TPB19 ITI H15 mean [H15 Std Dev_|mean  Std Dev
Mass (ng) in 250l aliquot M136-2  M136-15 M136-1 M136-3 M1346-4  M136-5 M136-6 M136-12 M136-13 M136-14 30 100 30 | 100 Avg blank | o Avg o
element mass analyzed “bad blankc
T 47 572E-04 6.73E-05 133E-03  162E-04 161E-04 555E-04 7.42E-04 0.00278 0.00041 0.00299 431E-03 144E-02 | 6.69E-02] Ti47  0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.02774 0.03056 0.03847 0.03735 0.04385 0.05050 0.05366 0.03773 0.03625 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
T 48 822E-04 9.99E-05 1.77E-03  207E-04 2.95E-04 7.34E-04 9.B1E-04 0.00358 0.00053 0.00388 5.56E-03 1.85E-02
T 49 6.15E-04 8.11E-05  1.36E-03 0.00280 0.00042 0.00303 434E-03 1.45E-02
Rb 85 0.00052 0.00111 0.00716 1.10E-02 3.67E-02 Rb85  0.00358 0.00000 0.00000 0.00014 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00030 0.00000 0.00000 0.00071 0.00013 0.00002 0.00012 0.00019 0.00012 0.00007 0.00002 0.00159 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
st 88 3.54E-02 0.00177 0.00709 0.01201 154E-02 512E-02 Sr88  0.00030 0.00000 0.00424 0.00076 0.00036 0.00000 0.00011 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00795 0.00221 0.00147 0.00236 0.00172 0.00099 0.00121 0.00013 0.00052 0.00000 0.08218 0.00809 0.07480 0.06484 0.09918
v 89 214E-03 3.09E-03 8.85E-05 -2.99E-05 1.40E-03 -1.31E-04 -7.10E-05 0.00092 -0.00016 0.00199 3.23E-03 1.08E-02 Y89 0.00000 0.00000 0.00013 0.00000 0.00000 0.00000 0.00000 0.00000 0.00013 0.00000 0.00000 0.00000 0.00000 0.00012 0.00001 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 127603 4.01€-03 Standard method used instead of H15 method
zr 90 0.29267 0.04416 0.70557 1.00E+00 3.34E+00 Zr90  0.00079 0.00000 0.00135 0.00045 0.11864 0.00000 0.00258 0.00489 0.00229 0.00049 0.00071 0.00000 0.00110 0.00517 0.00180 0.00059 0.00065 0.00259 0.00154 0.00172 0.00115 0.00024 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Nb 93 0.02480 0.00285 0.04858 6.86E-02 2.29E-01 Nb93  0.00006 0.00012 0.00006 0.00004 0.00214 0.00017 0.00018 0.00028 0.00008 0.00005 0.00023 0.00005 0.00002 0.00017 0.00009 0.00007 0.00005 0.00033 0.00010 0.00008 0.00006 0.00008 0.00298 0.00099 0.00000 0.00000 0.00000 0.00000
cs 133 0.00003 0.00003 0.00031 489E-04 163E-03 Cs133 0.00002 0.00000 0.00000 0.00007 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00002 0.00001 0.00000 0.00001 0.00001 0.00001 0.00000 0.00001 0.00001 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Ba 137 0.04121 0.32829 0.02587 5.11E-01 1.70E+00 Ba137 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00596 0.00042 0.00000 0.00000 0.00293 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 190E-01  6.04€-01 Standard method used instead of H15 method
La 139 0.00063 0.00245 0.00344 4.27E-03 1.42E-02 La139 000013 0.00008 0.00037 0.00008 0.00007 0.00000 0.00005 0.00000 0.00010 0.00066 0.00147 0.00002 0.00029 0.00007 0.00058 0.00056 0.00005 0.00008 0.00001 0.00001 0.00007 0.00001 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
ce 140 0.00394 0.00366 0.01075 120E-02 4.01E-02 Cel40 0.00045 0.00050 0.00103 0.00048 0.00057 0.00003 0.00000 0.00007 0.00074 0.00328 0.00184 0.00000 0.00178 0.00016 0.00155 0.00523 0.00010 0.00067 0.00014 0.00005 0.00067 0.00011 0.00000 0.00000 0.00000 0.00442 0.00343 0.00037
Pr 141 0.00006 0.00008 0.00051 756E-04 252E-03 Pr141 000001 0.00000 0.00006 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00003 0.00017 0.00000 0.00003 0.00001 0.00002 0.00000 0.00001 0.00001 0.00000 0.00001 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Nd 143 0.00035 0.00015 0.00162 2.41E-03 8.02E-03 Nd143 0.00000 0.00000 0.00008 0.00014 0.00000 0.00000 0.00000 0.00000 0.00000 0.00009 0.00000 0.00000 0.00000 0.00008 0.00014 0.00003 0.00005 0.00003 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Nd 145 03 4.83E-03 6.99E-04 0.00029 0.00004 0.00180 285E-03 9.49E-03
Nd 146 5.74E-04 0.00030 0.00020 0.00192 2.90E-03 9.68E-03
sm 147 7.61E-05 0.00001 -0.00003 0.00019 3.46E-04 1.15E-03 Sm147 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00008 0.00004 0.00004 0.00001 0.00007 0.00002 0.00001 0.00012 0.00002 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
'sm 149 1.03E-03 . 4.37E-04  539E-04 1.19E-03  2.03E-05 0.00005 0.00000 0.00031 4.99E-04 166E-03
Eu 151 216E-04 4.98E-04  5.10E-05 0.00002 0.00005 0.00005 588E-05 1.96E-04 Eu151 000001 0.00000 0.00008 0.00009 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00005 0.00011 0.00008 0.00007 0.00013 0.00012 0.00008 0.00011 0.00005 0.00009 0.00004 0.00002 0.00003 0.00000 0.00002
Gd 157 -8.09E-06 0.00003 -0.00002 0.00019 3.20E-04 1.07E-03 Gd157 0.00006 0.00002 0.00010 0.00007 0.00005 0.00004 0.00006 0.00000 0.00000 0.00002 0.00017 0.00000 0.00000 0.00002 0.00001 0.00003 0.00004 0.00002 0.00000 0.00005 0.00000 0.00001 0.00000 0.00000 0.00000 0.00043 0.00000 0.00000
Dy 161 4.76E-04. 2 145E-04 3.25E-04 1.10E-04 -1.70E-05 0.00010 -0.00001 0.00024 387E-04 129E-03 Dy161 0.00004 0.00001 0.00004 0.00000 0.00000 0.00000 0.00000 0.00000 0.00002 0.00000 0.00005 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 1586-04  4.91€-04 Standard method used instead of H15 method
Er 166 -1.536-05 [WASAEOAN] 2.14E-05 -1.76E-05 0.00011 -0.00002 0.00020 3.30E-04 1.10E-03 Er166 0.00000 0.00000 0.00002 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00001 0.00004 0.00000 0.00000 0.00001 0.00000 0.00000 0.00001 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00139 0.00024 0.00052
b 172 1.54E-04 4 3.06E-05 152E-04 -363E-05 2.02E-05 0.00017 -0.00001 0.00027 423E-04 141E-03 Yb172 0.00001 0.00017 0.00003 0.00000 0.00002 0.00001 0.00000 0.00001 0.00001 0.00002 0.00005 0.00000 0.00003 0.00001 0.00000 0.00000 0.00001 0.00000 0.00000 0.00001 0.00000 0.00000 0.00059 0.00000 0.00000 0.00061 0.00000 0.00000
Lu 175 4.03E-05 . -5.04E-06  2.82E-05 -6.83E-06 -3.24E-08 0.00005 0.00000 0.00005 7.97E-05 2.66E-04 Lu175 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00111 0.00130 0.00024 0.00110 0.00093 0.00104
Hf 179 555E-04  6.85E-04 [JI2HZE0SM 0.00648 0.00097 0.01506 2.13E-02 7.10E-02 Hf179 000001 0.00013 0.00005 0.00002 0.00471 0.00011 0.00016 0.00033 0.00005 0.00005 0.00006 0.00003 0.00008 0.00012 0.00007 0.00002 0.00002 0.00009 0.00007 0.00006 0.00004 0.00001 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Pb 208 6.93E-03  6.68E-03 0.00613 0.01007 0.03017 3.87E-02 1.29E-01 Pb208 0.00143 0.00000 0.00000 0.00000 0.01151 0.00000 0.00000 0.00000 0.00000 0.00000 0.01286 0.00000 0.00000 0.00923 0.00154 0.00000 0.00000 0.00154 0.00041 0.00024 0.00000 0.00000 0.00000 0.00000 0.00000 0.00154 0.00316 0.00377
T 232 5.99E-04 0.00061 0.00378 0.00330 5.13E-03 1.71E-02 Th232 0.00003 0.00001 0.00021 0.00013 0.00028 0.00002 0.00005 0.00006 0.00003 0.00010 0.00081 0.00000 0.00009 0.00001 0.00003 0.00002 0.00002 0.00002 0.00002 0.00002 0.00001 0.00001 0.00022 0.00000 0.00000 0.00000 0.00000 0.00000
u 238 0.00071 0.00018 0.00077 9.78E-04 3.26E-03 U238 0.00001 0.00003 0.00005 0.00002 0.00004 0.00000 0.00000 0.00000 0.00000 0.00000 0.00049 0.00000 0.00000 0.00002 0.00001 0.00000 0.00001 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00020 0.00000 0.00000
™ 159 2.67E-05 3.94E-05 _-1.04E-05 0.00001_0.00000 0.00004 760E-05 2 53E-04 Tb159 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00106 0.00104 0.00072 0.00091 0.00049 0.00066
Trace element aliquot size (mass fraction of ablated sample) 02005  0.2021 0.1997 02008 02038 01976 02018 05025 05015 05010
|Ablated mass of diamond (m, 04768 05430 0.5551 05613 05742 05188 05256
Concentration (ppm) in diamond \ w1 W1 (A2) w7 w9 W14 w29 W50 >LOD  Using robust LOD and LOQ from larger set of 31 TPB's.
element mass analyzed
T 47 356E-02 365E-03 7.12E02  B.55E-03 820E-03 3.22E-02  4.16E-02
T 48 512E-02 542E-03 952602 1.09E-02 1.50E-02 4.26E-02 5.50E-02
T 49 3.83E-02 4.39E-03  7.28E-02 100E-02  3.33E-02  4.29E-02
Rb 85
st 88 3.3
v 89 223E-02 281E-02 7.98E-04  0.00E+00 1.20E-02 0.00E+00 0.00E+00
zr 90
o %
cs 133
Ba 137
La 139
ce 140
Pr 141
Nd 143
Nd 145 4.13E 6.59E-03
Nd 146 5.41E-03
sm 147 0.00E+00
'sm 149 108E-02 6.50E-03  4.72E-03  3.88E-03 4.60E-03 1.16E-02 1.91E-04
Eu 151 184E-03  4.86E-03  4.81E-04
Gd 157 0.00E+00
Dy 161 4.98E-03 577E-04  128E-03 2.78E-03 107E-03 0.00E+00
Er 166 0.00E+00  0.00E+00 [TAMBE03| 2.09E-04  0.00E+00
b 172 1 0.00E+00  0.00E+00  1.30E-03 0.00E+00 1.91E-04
Lu 175 570E-06  0.00E+00 2.41E-04 0.00E+00 0.00E+00
Hf 179 4.74E-03  6.68E-03
Pb 208 6.76E-02
T 232
u 238
™ 159 1.15E-04  2.37E-04 3.84E-04 _ 0.00E+00
Sr Isotopes W1 W7 W9 W14 W29 W50
'srosr 0705474 0705913 0706280 0.706536 0.704165 0.7078408
%error on ¥'Sr/®sr 0.0086 0.0077 0.0075 0.0086 0.0118 0.0154
“"Rb/esr 0.167 0.475 0.161 0.094 0.058 0.2228
%error on Rb/Sr 11 1 1 50 50 50
“'sr®sr, 0.6989 0.6991 0.7000 07029 07019 0.6991
208, 0.0028 0.0030 00027 00072 0.0045 00171
Infrared spectroscopy W1 W7 W9 W14 W29 W50
[N]x (atomic ppm) 1994 1028 117 325 269 235
[N]s (atomic ppm) (MDL appx. 10 ppm) <MDL <MDL <MDL <MDL <MDL <MDL
%8B 0 0 0 0 0 0
Electron Microprobe (EPMA)(Cameca SX100, 15 kV, 20 mA) WA W7 W9
Average oxide mass proportions (%)
number of fluid inclusions averaged 69 65 40
cutoff total oxide wt% 4.0 12 1.0
remaining average total oxide wt% 7.62 330 214
sio2 157 238 199
Tio2 <MDL <MDL <MDL
AI203 0.18 0.38 028
Cr203 <MDL <MDL <MDL
FeO 535 545 4.86
MnO <MDL <MDL <MDL
MgO 3.45 423 3.18
Ca0 573 5.89 278
S0 <MDL <MDL <MDL
BaO 15.34 13.79 16.81
Na20 850 1373 14.12
K20 2947 2549 25.66
P205 <MDL <MDL <MDL
cl 30.41 28.66 30.31
502 <MDL <MDL <MDL
total 100.000 100.000 _ 100.000
Average molar (%)
Si 127 201 142
Al 0.14 0.19 0.00
Fe 3.60 345 3.06
Mg 411 484 362
Ca 479 473 228
Ba 474 3.85 5.06
Na 1233 20.25 2122
K 29.40 24.14 25.05
cl 39.63 36.53 38.28
total 100.00 100.00 100.00

All above-cutoff fluid inclusion EPMA data

Sample: W1 Si02 TiO2 AI203 Cr203 FeO MnO MgO CaO SrO BaO  Na20 K20 P205 Cl SO2 | total oxide wt%
i renorm. initial
0.63 <MDL  <MDL <MDL 4.33 <MDL 1.74 3.86 <MDL 12.87 3.89 4156 <MDL 30.68 0.45 100.00 11.16
0.40 0.45 <MDL <MDL <MDL <MDL <MDL <MDL <MDL <MDL 1323 4779  <MDL 38.14 <MDL 100.00 10.50
273 <MDL  <MDL <MDL 7.44 <MDL 5.58 8.38 <MDL 20.99 8.51 20.16 0.76 25.46 <MDL 100.00 9.20
2.05 <MDL  <MDL <MDL 9.23 <MDL 6.50 9.41 <MDL 468 3.58 31.08 <MDL 33.48 <MDL 100.00 6.12
0.82 <MDL  <MDL <MDL 4.49 0.49 225 5.43 <MDL 21.02 3.22 3378 0.35 28.14 <MDL 100.00 13.51
1.99 <MDL  <MDL <MDL 3.61 <MDL 1.72 3.53 0.69 8.55 11.06 3406 <MDL 34.81 <MDL 100.00 14.37
236 <MDL 0.43 <MDL 6.37 0.99 3.16 5.16 1.76 13.29 6.21 28.85 <MDL 31.44 <MDL 100.00 4.87
2.82 <MDL  <MDL <MDL 9.60 <MDL 3.25 5.29 <MDL 9.17 5.51 30.74  <MDL 33.61 <MDL 100.00 5.35

0.88 <MDL  <MDL <MDL 6.39 <MDL 3.42 6.52 <MDL 13.18 478 32.51 <MDL 32.32 <MDL 100.00 7.86



WA1-11-1 262 <MDL  <MDL  <MDL 7.36 <MDL 450 6.76 <MDL 2148 942 2072 <MDL 2774  <MDL 10000 652
Wi1-11-2 176 <MDL  <MDL  <MDL 6.84 <MDL 5.46 6.99 <MDL 1933 831 2195 <MDL 2035 <MDL 10000  7.19
W1-13-2 1.85 <MDL  <MDL  <MDL 1.61 <MDL 318 3.06 <MDL 2478 1010 2096 <MDL 3446  <MDL 10000 535
W1-13-3 212 <MDL  <MDL  <MDL 436 <MDL 208 296 <MDL 2241 458 3026 <MDL 3123  <MDL 10000 682
W1-14-1 1.14 <MDL  <MDL  <MDL 549 <MDL 369 623 1.20 559 632 3648 <MDL 3386  <MDL 10000 943
Wi1-15-1 159 <MDL 069 <MDL 353 <MDL 219 377 <MDL 1199 730 3721 <MDL 3174  <MDL 10000  4.10
W1-16-1 1.05 <MDL  <MDL  <MDL 6.42 <MDL 310 594 <MDL 1277 649 3749 <MDL 2674  <MDL 10000 598
W1-17-4 3.11 <MDL 034 <MDL 555 <MDL 284 520 <MDL 1924 672 2885 042 2747 057 10000  6.11
W1-15-3 224 <MDL 094 0.46 447 <MDL 271 475 145 2141 819 2601 <MDL 2690 046 10000 543
Wi-18-1 165 <MDL  0.19 <MDL 4.94 <MDL 289 552 <MDL 1688 591 3281 <MDL 2895 026 10000  16.11
W1-19-1 091 059  <MDL  <MDL 388 <MDL 221 326 <MDL 1079 1222 3214 023 3377  <MDL 10000 892
W1-20-1 153 <MDL  <MDL  <MDL 7.02 <MDL 282 527 <MDL 952 791 3185 <MDL 3361 047 10000 514
W1-20-2 1.37 <MDL  <MDL  <MDL 6.02 <MDL 3.43 635 <MDL 1225 801 3327 <MDL 2846 084 10000 562
Wi1-21-1 1.56 <MDL  <MDL  <MDL 429 <MDL 1.97 2.43 <MDL 2073 1049 2559 052 3242  <MDL 10000 5.8
W1-21-2 1.29 <MDL 033 <MDL 434 <MDL 275 393 <MDL 1554 1104 2756 <MDL 3278 044 10000 512
Wi1-21-3 0.31 <MDL 048 <MDL 6.62 083 361 5.02 <MDL 1251 904 3032 <MDL 3062 064 10000 558
W1-22-1 1.60 0.51 <MDL <MDL 4.28 <MDL 239 4.30 <MDL 15.70 9.54 29.12 <MDL 31.99 0.57 100.00 5.97
WA1-23-1 1.30 037  <MDL 029 7.40 045 438 842 <MDL 1233 703 2043 <MDL 2838 020 10000  9.29
W1-24-1 1.52 <MDL 0.37 <MDL 5.46 <MDL 295 4.99 <MDL 16.75 4.17 36.16 <MDL 27.63 <MDL 100.00 437
Wi1-24-3 227 <MDL 043 <MDL 5.01 <MDL 250 4.46 <MDL 1663 378 3546 <MDL 2872 074 10000 411
1.71 040 014 <MDL 7.86 <MDL 336 5.89 <MDL 953 961 2630 021 3454 046 10000 975
1.86 <MDL  <MDL  <MDL 6.07 <MDL 425 6.04 <MDL  17.09 1040 2719 <MDL  27.10  <MDL 10000 524
2.82 <MDL 0.27 <MDL 6.58 <MDL 4.88 6.01 <MDL 15.53 7.79 28.42 0.55 27.15 <MDL 100.00 467
2.19 <MDL  <MDL  <MDL 552 <MDL 327 474 <MDL 1919 647 27.99 <MDL 2068 097 10000 451
1.56 1.1 <MDL <MDL 6.27 0.52 433 575 <MDL 1711 7.85 2821 <MDL 27.29 <MDL 100.00 5.93
234 <MDL  <MDL  <MDL 6.89 <MDL 524 653 <MDL  19.44 1014 2241 <MDL  27.01  <MDL 10000 7.9
1.30 <MDL 0.32 <MDL 241 <MDL 275 4.06 <MDL 25.49 8.85 27.12 <MDL 27.70 <MDL 100.00 4.66
1.52 <MDL  <MDL  <MDL 5.04 <MDL 433 7.44 <MDL  17.89 1138 2077 <MDL 3147 045 10000  7.23
1.45 <MDL <MDL <MDL 4.88 <MDL 237 6.04 <MDL 13.93 9.62 32.31 <MDL 29.40 <MDL 100.00 433
093 <MDL  <MDL  <MDL 3.79 <MDL 1.36 350 <MDL 615 828 4153 <MDL 3389 057 10000 481
1.36 <MDL  0.16 <MDL 6.38 <MDL 234 474 1.06 763 1041 3235 <MDL 3336 020 10000  9.20
1.38 <MDL 035 <MDL 4.40 <MDL 250 422 2.49 1163 1203 2013 044 3144  <MDL  100.00  8.60
3.40 <MDL 0.35 <MDL 727 <MDL 4.14 6.66 <MDL 25.00 6.23 2285 <MDL 2411 <MDL 100.00 5.97
1.41 <MDL  <MDL  <MDL 599 <MDL 333 576 <MDL 1671 942 2831 038 2899  <MDL 10000  6.29
072 <MDL  <MDL 028 3.74 030 146 362 058 967 700 3830 <MDL 3412 020 10000  14.39
1.23 <MDL  <MDL  <MDL 1151 <MDL 526 924 <MDL 699 804 2845 078 2778 072 10000  4.24
1.98 <MDL 0.25 <MDL 2.55 <MDL 1.99 3.62 <MDL 2171 8.35 29.49 <MDL 30.07 <MDL 100.00 5.05
1.11 <MDL  0.23 0.40 4.46 <MDL 233 447 <MDL  19.84 637 2565 <MDL 3452 061 10000  7.06
0.36 0.48 0.18 <MDL <MDL <MDL <MDL <MDL <MDL <MDL  19.72 38.04 <MDL 41.22 <MDL 100.00 11.48
1.66 <MDL  0.23 <MDL 546 <MDL 419 7.70 <MDL 2352 730 2253 <MDL 2723 047 10000  14.52
212 1.19 0.64 <MDL 13.07 <MDL 10.56 10.16 <MDL 15.97 14.31 21.08 <MDL 10.91 <MDL 100.00 4.92
1.82 <MDL  0.25 <MDL 7.79 <MDL 755 9.81 <MDL 1758 1101 2105 085 2175 055 10000 650
221 <MDL <MDL <MDL 6.54 <MDL 5.15 6.07 <MDL 9.76 8.73 31.45 <MDL 30.10 <MDL 100.00 5.40
079 <MDL  <MDL  <MDL 262 <MDL 275 453 <MDL 1545 349 4088 035 2862 051 10000 622
269 <MDL 036 <MDL 461 <MDL 405 5.06 076 1837 1534 1779 022 3043 032 10000 1350
1.36 <MDL  0.24 <MDL 543 <MDL 468 824 <MDL 2602 735 2053 024 2591  <MDL 10000  14.56
206 <MDL  <MDL  <MDL 7.96 065 5.05 7.80 <MDL 829 759 3069 044 2049  <MDL 10000 579
065 <MDL  <MDL  <MDL 3.78 <MDL 3.48 7.88 <MDL 1907 647 2890 <MDL 3007  <MDL 10000  4.04
1.36 0.68 0.26 <MDL 4.89 <MDL 289 6.03 <MDL 747 4.98 37.79 <MDL 33.65 <MDL 100.00 481
094 <MDL  <MDL  <MDL 414 <MDL 311 7.02 <MDL 1188 682 3529 039  29.41 101 10000 673
1.77 <MDL 0.25 <MDL 5.98 <MDL 4.24 7.58 <MDL 16.25 7.51 28.09 <MDL 28.32 <MDL 100.00 4.92
048 039  <MDL  <MDL 3.26 <MDL 1.39 410 <MDL 1403 817 3460 035 3272 050 10000  9.02
3 <MDL 0.61 <MDL 7.73 <MDL 5.52 5.42 <MDL 13.67 10.11 27.61 0.39 2551 0.33 100.00 761
1.00 <MDL  0.16 <MDL 7.06 <MDL 372 7.47 088 2120 508 2793 033 2547  <MDL 10000 1177
1.06 <MDL 0.22 <MDL 253 <MDL 3.48 291 1.48 19.67 461 27.12 0.49 36.43 <MDL 100.00 5.36
1.23 037  <MDL  <MDL 536 <MDL 314 11.08 1.31 2175 833 1881 <MDL 2801 062 10000  10.87
1.26 <MDL 0.11 <MDL 6.77 0.36 474 6.86 <MDL 19.76 6.88 25.99 0.57 26.49 0.21 100.00 12.37
0.67 067 <MDL  <MDL 6.14 052 3.49 6.79 <MDL 620 556 3758 025 3212  <MDL 10000  9.43
1.33 <MDL  0.16 <MDL 549 052 553 10.33 1.08 1041 1064 1822 067 3545 017 10000  10.66
264 <MDL _ 0.26 025 1.88 <MDL 272 1.55 115 2523 1045 27.71 031 2584  <MDL 10000 1026
Sample: W7 Si02 TiO2 Al203 Cr203 FeO MnO MgO Ca0 SrO BaO Na20 K20 P205 Cl S02 | total oxide wt%
point renorm. __initial
W7-60 245 <MDL <MDL <MDL 5.93 <MDL 324 5.40 <MDL 10.38 13.59 24.47 <MDL 34.54 <MDL 100.00 8.22
W7-84 211 <MDL  <MDL  <MDL 438 <MDL 339 485 <MDL 1242 1381 2367 <MDL 3537  <MDL 10000 699
W7-70 1.32 <MDL <MDL <MDL 2,66 <MDL 247 6.41 <MDL 14.86 10.47 32.15 <MDL 29.65 <MDL 100.00 6.72
W7-75 1.76 <MDL  <MDL  <MDL 457 <MDL 324 526 <MDL 1473 1426 2537 080 3002  <MDL 10000 647
W7-68 3.07 <MDL 0.57 <MDL 9.17 <MDL 6.32 9.63 <MDL 17.26 11.42 18.26 0.77 2353 <MDL 100.00 6.30
W7-63 247 <MDL 041 <MDL 6.06 <MDL 5.83 7.40 <MDL 1395 1667 3229 <MDL 1491  <MDL 10000 623
W7-55 2.58 <MDL 0.54 <MDL 6.53 <MDL 4.83 6.10 <MDL 13.92 1261 24.96 <MDL 27.93 <MDL 100.00 6.11
w7-13 0.50 <MDL  <MDL  <MDL 1.24 <MDL 1.36 2.90 <MDL 1589 835 3562 <MDL 3414  <MDL 10000 560
W7-73 0.61 <MDL <MDL <MDL 3.27 <MDL <MDL 1.42 <MDL 15.59 21.46 15.81 <MDL 41.83 <MDL 100.00 529
W7-51 205 <MDL  <MDL  <MDL 535 <MDL 369 6.86 <MDL 1406 1413 2452 092 2843  <MDL 10000 5.8
W7-12 1.60 <MDL <MDL <MDL 5.98 <MDL 4.18 5.62 <MDL 9.97 16.57 23.86 <MDL 32.22 <MDL 100.00 517
W7-48 223 <MDL  <MDL  <MDL 847 <MDL 6.85 830 <MDL 1406 931 2721 <MDL 2356  <MDL 10000  4.90
W7-63b 3.00 <MDL 0.58 <MDL 8.88 <MDL 7.04 8.99 <MDL 14.77 17.64 28.95 <MDL 10.15 <MDL 100.00 4.83
W7-67 1.81 <MDL  <MDL  <MDL 5.19 <MDL 377 382 <MDL  17.88 1144 2209 114 3285  <MDL 10000  4.73
W7-4 1.88 <MDL 0.50 <MDL 5.10 <MDL 375 6.98 <MDL 13.95 11.62 27.51 <MDL 28.72 <MDL 100.00 4.56
W7-57 1.25 <MDL  <MDL  <MDL 5.86 <MDL 361 631 <MDL 1826 1008 2667 <MDL 27.96  <MDL  100.00  4.47
W7-7 2.10 <MDL <MDL <MDL 6.30 <MDL 3.59 6.64 <MDL 16.18 14.46 23.62 <MDL 2711 <MDL 100.00 4.39
W7-14 249 <MDL  <MDL  <MDL 842 <MDL 429 731 <MDL 1596 7.97 2722 <MDL 2635  <MDL 10000  4.10
W7-1 247 <MDL <MDL <MDL 8.26 <MDL 6.46 762 <MDL 15.87 21.69 30.21 <MDL 743 <MDL 100.00 391
W7-58 212 118 056 <MDL 6.91 <MDL 4.47 6.64 <MDL 1010 1228 2689 <MDL 2883  <MDL 10000 385
W7-76 1.61 <MDL <MDL <MDL 4.04 <MDL 3.07 523 <MDL 14.26 6.98 35.02 <MDL 29.78 <MDL 100.00 379
W7-87 297 <MDL 0.7 <MDL 563 <MDL 395 495 <MDL 1191 942 2735 <MDL 3335 <MDL 10000 376
W7-74 1.02 <MDL <MDL <MDL 3.16 <MDL 246 284 <MDL <MDL  16.65 30.90 1.48 41.50 <MDL 100.00 3.76
W7-69 422 <MDL 088 <MDL 648 <MDL 11.58 12.79 <MDL 1675 844 2064 166 1657  <MDL 10000 369
W7-46 278 <MDL <MDL <MDL 4.04 <MDL 3.58 4.80 <MDL 11.40 10.37 31.67 <MDL 31.37 <MDL 100.00 367
W7-18 155 <MDL  <MDL  <MDL 4.10 <MDL 354 424 <MDL 1143 1684 2626 <MDL 3235 <MDL 10000 340
W7-43 2.00 <MDL 0.99 <MDL 4.69 <MDL 4.04 6.67 <MDL 13.72 13.33 25.20 <MDL 29.36 <MDL 100.00 3.32
W7-81b 1.44 <MDL  <MDL  <MDL <MDL <MDL 567 082 <MDL 2137 2146 217 <MDL  47.08  <MDL 10000 324
W7-72 299 <MDL <MDL <MDL 6.26 <MDL 4.59 574 <MDL 14.05 15.46 19.32 <MDL 31.60 <MDL 100.00 317
W7-49 3.00 <MDL  <MDL  <MDL 6.14 <MDL 4.09 4.90 <MDL 1284 1219 2597 <MDL 3087  <MDL 10000 295
W7-10b 3.29 <MDL <MDL <MDL 4.55 <MDL 3.65 5.37 <MDL 13.55 13.70 25.26 <MDL 30.64 <MDL 100.00 293
W7-85 3.07 <MDL  <MDL  <MDL 5.60 <MDL 428 575 <MDL 1271 1275 2684 <MDL 2001  <MDL 10000 284
W7-42 3.67 <MDL <MDL <MDL 4.90 <MDL 3.85 6.01 333 14.98 12.99 21.85 <MDL 28.43 <MDL 100.00 281
W7-79 277 <MDL  <MDL  <MDL 5.02 <MDL 391 568 <MDL 1468 1659 2199 <MDL 2937  <MDL 10000 277
W7-25 290 <MDL <MDL <MDL 5.08 <MDL 3.13 3.49 <MDL 14.61 15.45 23.78 <MDL 31.56 <MDL 100.00 273
W7-19 155 <MDL  <MDL  <MDL 359 <MDL 2.46 431 <MDL 784 1554 2888 <MDL 3581  <MDL 10000 261
W7-59 148 <MDL <MDL <MDL 4.48 <MDL 262 373 <MDL <MDL  19.71 33.71 <MDL 34.27 <MDL 100.00 248
W7-44 2.30 <MDL  <MDL  <MDL 6.33 <MDL 410 621 <MDL 613 1488 2716 <MDL 3289  <MDL 10000 248
W7-8 1.92 <MDL 0.87 <MDL 5.86 <MDL 5.02 6.93 <MDL 11.50 15.94 23.85 <MDL 28.11 <MDL 100.00 247
W7-45 276 <MDL  <MDL  <MDL 588 <MDL 455 6.81 <MDL 1621 862 2791 <MDL 2726  <MDL 10000 244
W7-52 223 <MDL <MDL <MDL 5.52 <MDL 3.98 7.07 <MDL 12.78 13.54 25.34 <MDL 29.54 <MDL 100.00 234
W7-9 203 <MDL  <MDL  <MDL 535 <MDL 419 627 <MDL 1395 733 2935 <MDL 3154  <MDL 10000 226
W7-18b 217 <MDL <MDL <MDL 6.23 <MDL 5.38 597 <MDL 19.44 19.78 32.90 <MDL 8.15 <MDL 100.00 224
W7-61 1.80 <MDL  <MDL  <MDL 656 <MDL 433 747 <MDL 1275 1371 2470 <MDL 2867  <MDL 10000 219
W7-54b 3.64 <MDL <MDL <MDL 461 <MDL 6.40 776 <MDL 15.94 17.98 20.80 <MDL 2287 <MDL 100.00 216
w7-6 341 <MDL  <MDL  <MDL 542 <MDL 369 558 <MDL 1177 1607 2470 <MDL 2936  <MDL 10000 203
W7-26 2.55 <MDL <MDL <MDL 4.69 <MDL 343 4.42 <MDL 13.60 18.21 24.22 <MDL 28.88 <MDL 100.00 1.98
w7-47 1.92 <MDL 135 <MDL 7.1 <MDL 5.80 7.60 <MDL 1389 1045 2392 <MDL 2585 210 10000 197
W7-32 3.15 <MDL 1.40 <MDL 6.42 <MDL 3.02 4.26 <MDL 16.36 14.57 23.49 <MDL 27.34 <MDL 100.00 1.94
W7-16 2,66 <MDL  <MDL  <MDL 7.49 <MDL 3.02 525 <MDL 1152 1630 2588 <MDL 27.88  <MDL 10000 188
W7-20 1.95 <MDL <MDL <MDL 4.29 <MDL 293 4.44 <MDL 10.08 13.65 28.12 <MDL 34.54 <MDL 100.00 1.86
W7-34 213 <MDL  <MDL  <MDL 7.04 <MDL 5.08 6.90 <MDL 1363 1385 2289 <MDL 2848  <MDL 10000 185
W7-54 241 <MDL <MDL <MDL <MDL <MDL <MDL <MDL <MDL 28.83 27.02 <MDL <MDL 41.74 <MDL 100.00 1.82
W7-40 3.16 <MDL  <MDL  <MDL 467 <MDL 388 6.41 <MDL  <MDL 17.00 2933 <MDL 3334 221 10000 182
W7-41 463 <MDL <MDL <MDL 4.99 <MDL 293 7.34 <MDL 15.84 9.69 25.86 <MDL 28.72 <MDL 100.00 1.68
W7-36 528 <MDL  <MDL  <MDL 8.09 <MDL 13.56 12.87 <MDL 1193 775 2095 333 1624  <MDL 10000 167
W7-38 4.66 <MDL <MDL <MDL 6.49 <MDL 4.75 245 <MDL 1277 17.92 26.40 <MDL 24.56 <MDL 100.00 1.66
W7-30 324 <MDL  <MDL  <MDL 6.25 <MDL 3.49 474 <MDL 1661 1521 2261 <MDL 27.85 <MDL 10000 165
W7-5 3.40 <MDL <MDL <MDL 5.60 <MDL 4.45 6.56 <MDL 13.20 13.33 24.12 <MDL 29.34 <MDL 100.00 1.60
W7-33 389 <MDL  <MDL  <MDL 8.46 <MDL 6.05 733 <MDL 1841 848 2267 <MDL 2470  <MDL 10000 157
W7-5b 4.01 <MDL <MDL <MDL 9.76 <MDL 5.04 6.70 <MDL <MDL  14.07 27.26 <MDL 33.16 <MDL 100.00 1.54
wr-27 353 <MDL 261 <MDL 479 <MDL 420 421 <MDL 1326 1947 2285 <MDL 2509  <MDL 10000 133
W7-64c 7.64 <MDL  <MDL  <MDL <MDL <MDL 374 419 <MDL 1421 1351 2672 <MDL 2098  <MDL 10000  1.32
W7-3b 462 <MDL  1.70 <MDL 6.83 <MDL 468 462 <MDL  <MDL 1359 2926 <MDL 3470  <MDL 10000 129
w7-3 492 <MDL _ <MDL __ <MDL 4.28 <MDL 3.94 6.30 <MDL _ <MDL 1262 3026 <MDL 3769  <MDL _ 10000 _ 1.23
Sample: W9 5102 T02 __AR2O3____Cr203 FeO MnO Mgo Ca0 510 BaO _Na2O K20 __P205___ CI 502 | total oxide wt%
point renorm. __initial
W9-97-2 085 <MDL _ <MDL  <MDL 543 <MDL 248 328 <MDL 1411 1357 28.16 <MDL 3211  <MDL _ 100.00 460
wo-27 175 <MDL  <MDL  <MDL 414 <MDL 3.06 312 <MDL 1506 1383 27.81 <MDL 3124  <MDL 10000  4.19
W9-55 1.52 <MDL  <MDL  <MDL 563 <MDL 3.18 326 <MDL 1672 1556 2330 <MDL 3083  <MDL 10000 334
w9-59 167 <MDL  <MDL  <MDL 269 <MDL 3.60 1.30 <MDL 1897 1627 2197 <MDL 3354  <MDL 10000  3.30
w9-49 213 <MDL  <MDL  <MDL 6.09 <MDL 336 376 <MDL 1408 1478 1856 <MDL 3723  <MDL 10000 323
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<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
2.50
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL

30.68
30.82
30.18
34.37
28.46
33.11
28.48
29.72
29.06
30.72
34.84
31.41
30.27
296
30.19
28.81
35.03
47.34
29.74
26.05
38.26
3.30
31.82
30.89
34.96
28.69
34.96
30.52
30.44
31.54
35.72
29.94
30.38
31.36
15.30

<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00




