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Pegmatite 
to aplite 
dykes/veins 
U-REE 

Figure 0.19: A schematic diagram illustrating the principal geological components and 
environments of the TIS in the Hinds Lake area. (1) The Koorae prospect Cu-Mo-Ag-Au 
mineralization hosted in a sill-like amphibole-clinopyroxene granite intruding the 
Springdale Group near a faulted unconformity with the Hungry Mountain Complex. (2) 
U-REE hosted pegmatite to aplite dykes (LRMa and LRMb) and veins that crosscut the 
youngest units of the TIS. (3) Uranium hosted in local peralkaline granite (Railway) near 
the margins of the intrusions. 
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Table 0.5: Ore deposit models analogous to Cu-Mo-Ag-Au and U-REE mineralization in 
the TIS and Springdale group describing the resource, tectonic setting, geology, 
geochemistry, alteration, and mineralization style for IOCG and peralkaline U-REE 
deposits. Source of information for lOCO is from Groves and Vielreicher (200 1 ), 
Williams et al. (2005) and McPhie et al. (2011) while those for peralkaline U-REE are 
from Schonenberger et al. (2008). 

Deposit 

IOCG (Olympic Dam­
type) 

Olympic Dam of South 
Australia, Gawler Craton (2 Bt 
@ 1.6wt% Cu, 3.5 g/ t Ag, 0.6 
g/t Au, 0. 6 kg/t U30 8; Goad et 
al., 2000) 

Tectonic Setting Post-orogenic, crustal scale 
fault zones, craton edges, 
bimodal mafic magmatism, 
largely undeformed 

Geological 
Atributes 

Gawler SLIP (salicic large 
igneous province), A-type 
granites, igneous-volcanic 
hosted, post mineral mafic 
dyke swarms 

Peralkaline U-REE 

Ilimaussaq of South Greenland 
( rv861 Mt @ 270 ppm U30 8 , 

1.07% TREO; www.ggg.gl) 

Intracratonic rlftln, large scale 
melting of asthenospheric mantle, 
Extreme fractionatio . 

Alkaline or peralkaline melts, roof 
zone region, late phase 
magmatism. 

Geochemistry low Ti Fe-oxides associated, F- Silica undersaturated, LREE/ HREE, 

Alteration 

Mineralization 
Style 

and REE- rich, low S sulfides, U and Th increase with 

Hematite, magnetite, sericite, 
carbonate, low Ti Fe-oxides, 
iron silicates 

fractionation, while Be, Zr, Cl, F, 
Zn, Ware independent. 

Texturally late aegirine and sadie­
amphibole including arfvedsonite. 

magmatic- hydrothermal, Alkali granite to Lujavrite 
hematite breccias, chalcopyrite- (nephline syenite), magmatic 
pyrite (deep), chalcocite- layering 3- 50 meters, veins and 
bornite (shallow), u -oxides pegmatltes. 
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Chapter 3: Summary and Direction for Future Research 

3.1 KEY CONCLUSIONS 

The TIS and Springdale Group near Hinds Lake, west-central Newfoundland 

consist of numerous marginal granite intrusions, hypabyssal quartz-feldspar porphyry and 

coeval volcanic rocks that are host to magmatic-hydrothermal Cu-Mo-Ag-Au 

mineralization at the Koorae Prospect. In addition, U-REE mineralization in felsic dykes 

is also present. The Cu-Mo-Ag-Au mineralization is hosted in older peralkaline 

amphibole-clinopyroxene granite, whereas the U-REE is associated with later fractionated 

felsic dykes. 

The Koorae Cu-Mo-Ag-Au Prospect is the most significant occurrence in the TIS 

and provides an age of magmatic-hydrothermal mineralization between 430 ± 1.4 Ma 

(host granite) and 428 ± 1.8 Ma (host rhyolite). Key results from this study regarding the 

Koorae Prospect include: 

1. Host rocks include marginal amphibole-clinopyroxene granite, rhyolitic flows, 

and lapilli tuff proximal to the basement unconformity with the HMC. The granite 

intrudes parallel to the volcanic stratigraphy. Rhyolite flow margins are 

preferentially mineralized and altered. The lapilli tuff is mostly barren, whereas 

breccias are the most strongly mineralized of all units. 

2. The amphibole-clinopyroxene granite is strongly granophyric and porphyritic. 

Arfvedsonite and aegirine-augite are replaced by Cu sulfides in miarolitic cavities 

and is cogenetic with magnetite, hematite, aegirine-augite, fluorite and zircon. 

Sulfides include chalcopyrite, bornite, pyrite, chalcocite, molybdenite and 
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covellite. Silver and Au mineralization are hosted by hessite and clausthalite 

inclusions. Quartz, chlorite, fluorite, aegirine-augite and hematite are associated 

with the Cu and REE mineralization and hydrothermal alteration. 

3. The geochemistry of igneous-volcanic rocks is high silica, alkalic to calc-alkaline 

with A-type and WPG signatures. They have high GaiA!, Zr, Nb, Y and REE 

(except Eu) typical of peralkaline rocks of the TIS. Igneous rocks are weakly 

altered compared to volcanic rocks and all show significant mobility of HFSE, 

Rb, Ba and Sr. Mineralized igneous rocks correlate with a lack of amphiboles, 

whereas non-mineralized samples contain amphiboles. 

The second and younger style of mineralization in the TIS is U-REE bearing felsic 

dykes that crosscut the quartz-feldspar porphyry suggesting that it is younger or 

equivalent to 427 ± 3 Ma (Whalen eta!., 1987b). Key results from this study regarding 

the late U-REE-bearing dykes include: 

1. Host rocks to U-REE include aplite to pegmatitic dykes, whereas U-Th is hosted 

in marginal phase granite and peralkaline amphibole granite. Dykes are 

structurally controlled near intrusive contacts and often parallel to northeast 

trending faults and fractures. Uranium-Th is commonly isolated near granite 

contacts. 

2. The mineralogy of felsic dykes is variable from fresh clinopyroxene alkali 

feldspar granite to altered, quartz-rich pegmatite and apl ite. Uranium-REE is 

associated with enriched accessory minerals including monazite- (La, Ce), 

allanite- (La), zircon, thorite and uranpyrochlore. The U and REE phases are 
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hosted in: primary interstitial calcic clinopyroxene, quartz, carbonate, titanite and 

fluorite of unaltered granitic dykes; magmatic quartz, magnetite, ilmenite and 

titanite of altered aplite dykes; and magmatic-hydrothermal quartz, carbonate, 

chlorite, ilmenite and calcic pyroxene alteration of pegmatite veins. 

3. Geochemistry of felsic dykes is alkaline to calc-alkaline with A-type and WPG 

signatures. There is strong variability of alkalis resulting from silica and potassic 

alteration. The dykes are enriched U, Th, Nb, Y, Zr and REE (except Eu) and 

have high Gal AI, Nb/Y, Zr/Ti02 ratios and depletions of Ba, K, Sr, P and Ti. 

Ratios of U/Th and Zr/Y suggest they are from a common source. 

3.2 POTENTIAL DIRECTION FOR FUTURE RESEARCH 

This study has established a relationship between Cu-Mo-Ag-Au and U-REE 

mineralization within the geological framework and igneous petrogenesis/temporal 

framework of the TIS and Springdale Group. Detailed mapping, investigation of mineral 

paragenesis, analytical geochemistry and geochronology has demonstrated that the TIS 

and Springdale Group are a potential setting for IOCG-type and peralkaline U-REE 

mineralization. Further scientific research should address the following issues to provide 

a more robust regional geological and metallogenic framework of the TIS and Springdale 

Group to apply to further research and exploration for mineralization. 

Geochronology of the TIS is limited and many ages are overlapping, thus 

preventing accurate interpretation of intrusive events and the longevity of A-type 

magmatism. Further geochronology is required of the amphibole granite in the central 

portion of the complex and the number of marginal phase granites, quartz-fe ldspar 
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porphyries and felsic dykes to provide a more concrete temporal framework. An accurate 

age of late stage granitic to pegmatitic dykes should provide an upper age limit of the TIS 

and a better understanding of the extent of igneous fractionation and host rocks to U-REE 

mineralization. 

This research focused on peralkaline igneous and hypabyssal intrusions of the TIS 

and did not include other non-peralkaline marginal phase granites. A better understanding 

of the mineralogical and geochemical affects of mixing between peralkaline and non­

peralkaline melts may provide insight into their affects on metal transport and deposition. 

Evidence from the Koorae Prospect suggest that Cu-Mo-Ag-Au mineralization is not 

limited to peralkaline rocks ·and suggests that similar potential might exist in 

peraluminous to metaluminous granites. Other units that were not the subject of this study 

and have received little documentation regarding their alteration and mineralization 

include the Rainy Lake Complex and the Hungry Mountain Complex. Local occurrences 

of hydrothermal pyrite and chalcopyrite in the HMC indicate that intermediate rocks also 

provide suitable hosts for sulfide mineralization especially near unconformable contacts 

and regional faults. 

Regional faults and unconformities in the Hinds Lake Area are poorly defined and 

may provide a strong influence on resurgent igneous intrusions, hydrothermal alteration 

and mineralization. The orientation of the host amphibole-clinopyroxene granite at the 

Koorae Prospect, suggest a structural influence within the volcanic stratigraphy. Regional 

felsic and mafic dykes also appear to follow a northeast orientation similar to a regional 

inferred fault (Fig. 2.2). Other important structures that are poorly defined include the 
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Silurian-Ordovician unconformity separating the TIS and Springdale Group from the 

older HMC and Buchans Group. It has been documented that these unconformities are 

fault modified and given that alteration and mineralization is preferentially hosted in these 

zones, further mapping is needed to define them. Additional structures include a potential 

collapse caldera in the Springdale Group surrounding a composite quartz-feldspar 

porphyry and requires further delineation of the volcanic stratigraphy and alteration 

zones. Further detailed mapping in the TIS should also focus on igneous intrusive 

contacts as these areas may provide the best understanding of the nature of emplacement 

and are more likely to host mineralized felsic dykes and hydrothermal alteration. 

Clinopyroxene and amphibole are associated with both Cu-Mo-Ag-Au and U­

REE mineralization and thus identifying their major and trace element geochemistry may 

help understand their influence on mineralization with regard to metal transport and REE 

complexing with fluorine and chlorine. Microprobe analysis of amphibole and 

clinopyroxene in host rocks may identify trace element zoning or trends to be applied as 

geochemical vectors to fertile host rocks. Fluid inclusion data from quartz associated with 

various stages of mineralization may also provide important information regarding the 

salinity of fluids as well as pressure and temperature conditions during mineralization. 
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APPENDIX A: LITHOGEOCHEMICAL ANALYTICAL METHODS, 
QUALITY CONTROL AND QUALITY ASSURANCE 

A.l INTRODUCTION 

Samples from the TIS were collected southwest of Hinds Lake over an area 

approximately 20 x 30 km during field work in 2009 and 2010. Chip samples weighed 

approximately 5kg and were taken from surface outcrop both regionally and at the 

Koorae Prospect. Weathered surfaces were removed in the field or later with a diamond 

rotary saw. Samples were crushed using and steel jaw crusher and subsequently 

pulverized at Saskatchewan Research Council (SRC) in Saskatoon. Powders were 

subsequently analysed using a combination of inductively coupled plasma mass 

spectroscopy (ICP-MS), inductively coupled plasma optical emission spectroscopy (ICP-

OES), and X-ray fluorescence (XRF). 

Ti02) were determined via a lithium metaborate fusion and an ICP-OES finish at SRC. 

Loss on ignition (LOI) was determined via conventional heating and weight difference 

methods at SRC. Trace elements were determined by ICP-MS (Ba, Be, Bi, Cd, Ce, Co, 

Cr, Cs, Cu, Dy, Er, Eu, Ga, Gd, Hf, Ho, In, La, Li, Lu, Mo, Nb, Nd, Ni, Pb, Pr, Rb, Sb, 

Sc, Sm, Sn, Sr, Ta, Tb, Th, Ti, Tl, Tm, U, V, W, Y, Yb, Zn and Zr) and were obtained via 

a closed vessel multi-acid (total) digestion prior to analysis and a finish by ICP-MS 

(Burnham and Schweyer, 2004) at the Ontario Geosciences Laboratories (OGL) in 

Sudbury, Ontario. There were overlimits in some of the elements above, therefore, 

additional data were collected. Values above the upper detection limits for Ba, Be, Ce, 

Cu, Hf, Nd, Sn, Th and V were substituted for by values obtained by lithium metaborate 
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fusion and an ICP-OES finish at SRC. For values of Zr, Nb, andY above upper detection 

limits additional values were substituted for by values obtained from pressed pellet X-ray 

fluorescence at Memorial University using the methods ofLongerich (1995). 

A.2 PRECISION 

Precision and accuracy was calculated using replicate analysis of a variety of 

known and unknown reference materials from each laboratory and analytical method. The 

precision and accuracy ofiCP-MS at OGL was calculated using known standards AGV-2 

(n=2), BHV0-2 (n=2), GSP-2 (n=2) and MRB-29 (n=6). Precisions and accuracy of ICP-

OES analysis for total digestion, whole rock analysis and partial digestion at SRC used 

known standards AGV-2 (n=2), GSP-2 (n=l), SY-3 and internal standard G-2 and CAR 

110 (n=4). Precision and accuracy for XRF analysis at MUN used AGV-1 (n=9), BCR-2 

(n=8), BHV0-1 (n=34), DNC-1 (n=8), DTS-1 (n=34), JG-2 (n=3), PACS-1 (n=18) and 

SYS-3 (n=52). 

The measure of precision is given by the percent relative standard deviation: 

%RSDi = lOOx Si/lli 

where: 

%RSDi = percent relative standard deviation for element i 

Si = standard deviation of the mean from the series of analytical runs for element i 

lli = mean value of element i over a series of analytical runs. 

In general, %RSD values between 0 and 3% are excellent , 3 to 7% are very good, 

7 to 10% are good, and above 10% are poor (e.g., Jenner 1996). In general, %RSD 
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increases (precision decreases) as one approaches the limit of detection (LOD) for an 

instrument (e.g., Jenner 1996) and should be considered for each standard. Furthermore, 

values that lie between the LOD and the limit of quantification (LOQ = 3.3xLOD; Jenner 

1996), are also subject to poor precision; thus, %RSD values in Tables should only be 

considered valid for elemental concentrations above the LOQ. 

Analytical error for each element calculated from replicate analysis of standards is 

given in Tables, and is presented as the 2a error: 

2 O i = 2 x Si I -Jn 

where: 

O i = standard error of the mean of analytical runs for element i 

Si = standard deviation of the mean of analytical runs for element i 

n = number of measurements of element i. 

The 2 O i value implies that if a sample was repeatedly analyzed, the value of 

element I in that sample will have a value between fl± 2oi 95% of the time (ie. , 95% 

confidence level). 

Percent relative standard deviation (%RSD) and 2o i errors for each analytical 

method are presented for reference materials analyzed at OGL (Tables A.l ), SRC (Tables 

A.2) and MUN (Tables A.3) during this project. 
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A.3 ACCURACY 

Accuracy was determined usmg reference materials with known or accepted 

values. Both international and internal reference materials were utilized, and internal 

reference materials from the GeoLabs are compared to the long term averages for said 

reference materials. The measure of accuracy is given the percent relative difference of 

the mean value of the analytical runs for an element as compared to the accepted value for 

the standard, and is given by: 

%RD = 100 x (J.l - STDi) I STDi 

where: 

J.li = mean value of element i in the standard over a number of analytical runs 

STDi = "known" or "certified" value of i in the standard or reference material 

Values for %RD can be negative or positive reflecting values less then or greater 

then known values. In general, values of %RD values that are ± 0 - 3% are considered to 

have excellent accuracy, values from ±3 to 7% are considered to represent very good 

accuracy, and ± 7 to I 0% good accuracy. Values above I 0% should be considered 

indicators of poor accuracy. Accuracy is expected to decreases as the LOD is approached 

(e.g. , Jenner I996) and should be considered for poorly accurate results. Furthermore, 

values that lie between the LOD and the LOQ are also subject to poor accuracy; thus, 

%RD values in the following data should only be considered valid for elemental 

concentrations above the LOQ. 
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Table A.l: Precision and accuracy results for standard reference materials analyzed by 
ICP-MS at OGL. 

LOD BHV0-2 STD %RSD accepted %RD 2a 
Mean (n=2) 

Ba 0 .8 133.08 1.15 0 .86 131.00 1.59 1.62 
Be 0.04 0.94 0.00 0.4 "1 1.00 -5.85 0.01 
Bi 0 .15 0.0 1 0.00 7.86 0.00 
Cd 0.0 13 0.12 0.00 3.20 0.06 Hl2 .5{) 0.01 
Ce 0 .12 38.52 0.04 0.11 37.50 2.72 0.06 
Co 0 .13 46.95 0 .13 0.27 45.00 4.33 0.18 
Cr 3 301.10 1.30 0.43 280.00 7 .54 1.83 
Cs 0.0 13 0.10 0.00 1.78 0.10 ~.50 0.00 
c 1.4 133.73 3.57 2.67 127.00 5.30 5.05 
Dy 0.09 5.51 0.06 1.05 5.31 3.80 0.08 
Er 0 .007 2.6 1 0 .03 1.19 2.54 2.68 0.04 
Eu 0.0031 2.15 0.01 0.53 2.07 3.86 0.02 
Ga 0.04 19.89 0.88 4.45 22.00 -9.58 1.25 
Gd 0.09 6.35 0.02 0.33 6.24 1.72 0.03 
H 0 .14 4.39 0 .05 1.21 4.36 0 .57 0.08 
Ho 0.0025 1.01 0.00 0.03 0.98 3.32 0.00 
In 0.001 8 0.09 0 .00 1.63 0.00 
La 0.04 15.90 0.22 1.38 15.20 4.60 0.31 
Li 0.4 3.94 0.28 7.14 4.80 -17.83 0.40 
Lu 0.002 0.28 0.00 1.02 0.27 1.46 0.00 
Mo 0.08 •1.08 0.20 4 .93 4.00 1.9<, 0.28 
Nb 0.028 17.91 0.02 0 .09 18.10 -1 .06 0.02 
Nd 0.06 25.55 0.26 1.03 24.50 4.29 0.37 
Ni 1.6 125.39 0.34 0.27 119.00 5.37 0.48 
Pb 0.6 1.66 0.1 2 7.20 1.60 3.97 0.17 
Pr 0.014 5.56 0.07 1.1 7 5.35 3.91 0.09 
Rb 0 .23 9.53 0.10 1.03 9.11 4 .56 0.14 
Sb 0.04 0.1 1 0.01 5.97 0.0 1 
Sc 1.1 32.96 0.65 1.97 32.00 2.99 0.92 
Sm 0 .0 12 6.3 1 0 .06 0 .89 6.07 4 .0 1 0.08 
Sn 0.16 1.2 1 0.62 51.06 1.7{) -28.88 0.87 
Sr 0 .6 389.32 2.75 0.71 396.00 -1 .69' 3.90 
Ta 0.023 1.14 0.00 0.40 1.14 0.13 0.0 1 
Tb 0 .0023 0.95 0.01 1.41 0.92 3.37 0.02 

0.018 1.24 0.03 2.05 1.22 1.72 0.04 
7 15483.23 49 1.54 3.17 16300.00 -5.01 695.25 

11 0.005 0.02 0.00 1.81 0.00 
Tm 0.00 19 0.34 0 .00 1.24 0.01 
u 0.01 0.43 0 .0 1 1.64 0.40 6.95 0.01 
v 0.8 323.08 9.27 2 .87 13.1 
w 0.05 0.25 0 .00 1.15 0.00 
y 0.05 25.62 0 .07 0.28 0.10 
Yb 0 .009 2.04 0 .03 1.25 0.04 
Zn 7 105.66 2.81 2 .66 3.97 
Zr 6 172.55 1.69 0.98 2.39 
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LOO AGV-2 STD %RSO Accepted %RD 2u 
Mean (n=2) 

Ba 0.8 11 15.1-4 73.66 6.6 1 11l0.00 -1.31 104. 17 
Be 0 .04 1.93 0.16 8 .53 2.30 -16.07 0.23 
Bi 0.15 0.06 0 .02 31.43 0.03 

Cd 0.0 13 0 .11 0.00 4.44 0.01 
Ce 0.12 68.52 5.85 8 .54 68.61) ~-12 8.27 
Co 0.13 16.56 0.50 2.99 16.00 3.48 0.70 
Cr 3 18.82 0.86 4 .59 17.00 10.73 1.22 
Cs 0.013 1.20 0.0 1 1.06 1.20 0.25 0.02 
Cu 1.4 53.26 2.48 4 .65 53.01) 0.48 3.50 
Dy 0.09 3.57 0.2 1 5.83 3.47 2.77 0.29 
Er 0.007 1.84 0.07 4.00 1.8 1 1.55 0.10 
Eu 0.0031 1.57 0.06 3.9 1 1.53 2 .84 0.09 
Ga 0.04 19.32 1.39 7.22 20.00 -3.42 1.9 7 
Gd 0.09 4 .50 0.24 5.35 4.52 ~-5 1 0.34 
H 0.14 5.23 0.08 1.59 5.00 4 .68 0.12 
Ho 0 .0025 0 .66 0.03 4 .90 0.65 2.15 0.05 
In O.d018 0.04 0.00 1.59 - 0.00 
La 0.04 38.22 2.73 7.14 37.90 0.85 3.86 
Li 0.4 9.42 1.69 17.97 11.00 -14.33 2.40 
Lu 0.002 0.25 0.0 1 4 .29 0.25 0.20 0.02 
Mo 0.08 1.99 0.02 0.93 - 0.03 
Nb 0.028 13.67 0.2 1 1.53 14.51) -5_71) 0.30 
Nd 0.06 31.1 2.44 7.83 30.51) 2.00 3.44 
Ni 1.6 19.84 0.62 3.12 20_01) ~-82 0.87 
Pb 0 .6 13. 17 0.7 1 5.42 13.20 ~-19 1.0 1 
Pr 0.0 14 8.20 0.48 5.8'9 7.84 4 .65 0.68 
Rb 0.23 71.1 2 2.14 3.0 1 66.30 7.27 3.03 
Sb 0.04 0.4.7 0.03 7.19 - 0.05 
Sc 1.1 13. 17 1.75 13.27 13.00 1.32 2.47 
Sm 0.0 12 5.69 0.35 6 .17 5.49 3.55 0.50 
Sn 0.1·6 1.9 1 0.50 26.14 2.30 -16.96 0.71 
Sr 0.6 651.05 23.76 3.65 66 1.00 -1.50 33.61 
Ta 0.023 0.84 0.0 1 0.75 0.87 -2.93 0.01 
Th 0.0023 0 .63 0.03 4.5'1 0.64 -2.03 0.04 
Th 0.0 18 6.19 0.03 0 .5 1 6.10 1.43 0.05 

7 5899.02 537 .50 9.11 - 760. 14 
0.005 0.26 0.01 5.36 0.27 -222 0.02 

Tm 0.0019 0.26 0.02 6 .01 0.26 ~.38 0.02 
u 0.0 1 1.97 0.06 2 .95 1.86 5.70 0.08 
v 0.8 117.63 3.95 3.36 122.00 -3 .58 5.59 
w 0.05 0 .53 0.01 1.86 - 0.0 1 
y 0.05 18.9 1.42 7.5 1 19.00 -{1_34 2.01 
Yb 0.009 1.64 0.09 5.72 1.62 1.45 0.13 
Zn 7 89.03 5.50 6.1 8 86.00 3.53 7.78 
Zr 6 237.32 7.92 3.34 230.00 3.18 11.19 
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LOO GSP-2 STD %RSO Aoc.epted %RD 2a 
Mean (n=2) 

Ba 0.8 13 4.51 60.9 4.53 1340.00 0.34 86.18 
Ba 0.04 1.33 0.03 1.9 1 1.50 -11 .33 0.04 
Bi 0.15 0.04 0.00 1.9<~ 0.00 
Cd 0.0 13 0 .17 0.01 3.80 0.01 
Ce 0.12 460.73 4 .45 0.97 4 10 .00 12.37 6.30 
Co 0.13 7.54 0.01 0.1 7 7.30 3.27 0 .02 
Cr 3 22.61 0.72 3.17 20.00 13.0 1.01 
Cs 0.013 1.21 0.02 1.76 0.03 
Cu 1.4 45.51 2.M 5.36 43.00 5.83 3.45 
0)• 0.09 6 .09 0.09 1.50 6.10 ~24 0 .13 
Er 0.007 2.43 0 .0 1 0.47 2.20 10.55 0.02 
Eu 0.0031 2.39 0.04 1.84 2.30 3.78 0.06 
Ga 0.04 2 1.40 1.96 9.15 22.00 -2.7 2 .77 
Gd 0.09 12.12 0 .14 1.16 12.00 1.04 0.20 
H 0.14 14. 1 1.14 8.06 14.00 0 .79 1.6 1 
Ho 0 .0025 1.00 0.03 3.04 1.00 ~.05 0 .04 
In 0.0018 0.05 0 .00 4.12 0 .00 
La 0.04 196.23 2.65 1.35 180.00 9.0 1 3.75 
Li 0.4 31.58 6 .2 1 19.65 36.00 -12.27 8.78 
Lu 0 .002 0 .24 0 .00 0.59 0 .00 
Mo 0.08 2.33 0.01 0.27 2.10 10.88 0 .0 1 
Nb 0.028 26. 10 0.41 1.58 27.00 -3.3 0.58 
Nd 0.06 214 .65 1.93 0.90 200.00 7.33 2.74 
Ni 1.6 17. 13 0.79 4.62 17.00 0.75 1.12 
Pb 0.6 42.06 1.11 2.63 42.00 0.13 1.57 
Pr 0.0 14 58.63 1.16 1.98 51.00 14.95 1.65 
Rb 0.23 252.86 12.26 4.85 17.33 
Sb 0.04 0.39 0 .02 4.48 0.03 
Sc 1.1 6 .93 0 .32 4.68 6.30 9 .95 0.46 
Sm 0.0 12 27.63 0.33 1.19 27.00 2 .34 0.46 
Sn 0.16 6.23 1.90 30.43 2.68 
Sr 0.6 233. 4 8.84 3.79 240.00 -2.73 12.51 
Ta 0 .023 0.87 0.01 1.22 0.02 
Tb 0.0023 1.28 0 .00 0.17 0.00 
Th 0 .0 18 112.06 0 .33 0.30 105.00 6.72 0.47 
Ti 7 37 11 .77 308.95 8.32 436 .92 
T1 0 .005 1.26 0.04 2.98 0.05 
Tm 0.00 19 0 .30 0 .00 1.17 0 .0 1 
u 0.01 2 .59 0.03 1.09 2.40 7.83 0.04 
v 0.8 52.66 2.96 5.62 52.00 1.27 4.19 
w 0.05 0 .4 1 0 .0 1 2.96 0 .02 
y 0.05 26.6 0.82 3.09 28.00 -4.87 1.16 
Yb 0 .009 1.71 0 .02 1.45 1.60 6 .97 0.04 
Zn 7 112.93 10.59 9.37 120.00 -s .8g. 14.97 
Zr 6 552.72 28.85 5.22 550.00 0 .50 40.81 
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LOO MRB-29 STO %RSO Aoc.epted %RO 2<r 
Mean (rF6) 

Sa 0.8 29 .52 3.08 1.04 29 1.00 1.21 4.35 
Be 0.04 1.01 0.06 5.47 0.08 
Bi 0.15 0.04 0.01 32.31 0 .02 
Cd 0 .013 0.65 1.28 196.1 7 1.81 
Ce 0.12 50.78 0 .28 0.55 5 L 21 ~-8 0.40 
Co 0.13 52.57 0 .8 1 1.54 51.51) 2.07 1.1 5 
Cr 3 288.70 9 .40 3.25 29 1.00 ..0.79 13..29 
Cs 0.013 0.25 0.01 4 .54 0.25 -1.13 0 .02 
Cu 1.4 160. 10 28.36 17.72 149.00 7.45 40.11 
Dy 0.09 5.52 0.08 1.38 5.37 2.74 0 .11 
Er 0.007 2 .94 0.06 2.0 1 2 .90 1.32 0 .08 
Eu 0.0031 1.99 0.03 1.62 1.95 2 .09 0.05 
Ga 0.04 18.4 1.27 6.86 1.79 
Gd 0.09 6 .20 0.1 1 1.83 6.22 ~.34 0.16 
H 0.14 4 .50 0.06 1.40 4 .59 -1 .93 0 .09 
Ho 0.0025 1.06 0.0 1 0.97 1.05 1.37 0.0 1 
In 0.00 18 0 .08 0.00 2.05 0 .00 
La 0 .04 22.87 0 .44 1.93 22.70 0 .75 0 .62 
Li 0 .4 10.0 1.20 11.99 12..20 -17.67 1.70 
Lu 0.002 0.37 0.00 1.24 0.37 -1.13 0 .01 
Mo 0 .08 0 .79 0.0 1 1.83 0 .02 
Nb 0.028 13.07 0.24 1.84 13.30 -1.7 1 0.34 
Nd 0.06 29.17 0.33 1.14 29. 10 0 .23 0.47 
Ni 1.6 114.88 2.14 1.86 115. 0 ..0.1 g. 3.02 
Pb 0 .6 4 .98 0.24 4 .74 0.33 
Pr 0 .0 14 6 .83 0.1 1 1.6 1 6 .74 1.36 0.16 
Rb 0.23 15.1 0.26 1. 71 15_20 ..0.60 0.36 
Sb 0.04 0 .06 0.0·1 9.03 0.0 1 
Sc 1.1 34.5 1.22 3.53 33_21} 4 .02 1.73 
Sm 0.0 12 6.59 0.10 1.50 6.39 3.13 0.14 
Sn 0 .16 2 .09 0 .7 1 33.82 1.00 
Sr 0.6 309.36 4.11 1.33 316.0() -2.10 5.8 1 
a 0 .023 0 .83 0.03 3.22 0.81 2.30 0 .04 

Tb 0.0023 0 .92 0.0 1 1.60 0 .93 ~.6 1 0.02 
Th 0.0 18 2 .66 0 .08 3.15 2.69 -1.1 0.12 
Ti 7 11092_23 649.20 5.85 9 18. 12 
11 0.005 0 .07 0.00 4 .3 1 0.00 
Tm 0.00 19 0.40 0.0·1 1.91 0.40 0.79 0.0 1 
u 0 .0 "1 0.6-6 0.02 2 .62 0.66 0.7 1 0.02 
v 0.8 316.25 13.90 4.39 317.00 ~..24 19.65 
w 0.05 0 .24 0.00 1.88 0 .20 20.42 0.01 
y 0.05 27.36 0.32 1.16 26.80 2.09 0.45 
Yb 0.009 2 .52 0.03 1.32 2.54 ..0.8 1 0.05 
Zn 7 109.76 4.80 4.37 106.0() 3.55 6.78 
Zr 6 174 .8() 2 .9 1 1.67 179.0() -2_34 4.12 
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Table A.2: Precision and accuracy results using standard reference materials analysed by 
ICP-OES for total digestion at the SRC. 

SRC-Total LOD CAR110 STD %RSD Accepted %RD 2o 
Di!;JBslion Mean (n=4) 

Ag 0.20 4.10 0 .14 ::us 3.80 0.14 
AJ203 0.01 13.53 0.10 0 .71 13.20 2.46 0.10 
Ba 1.00 1705.00 10.00 0.59 1683.00 1.31 10.00 
Be 0.20 3.75 0. 13 3.44 3.60 4 .17 0.13 
Cd 0 .20 1.00 
Ce 1.00 812.25 5.91 0 .73 783.00 3.74 5.91 
Ca. 1.00 76.25 2.99 3.92 75.00 1.67 2.99 
C r 1.00 194 .25 320 1.65 193.00 0.65 320 
C u 1.00 214 .00 8 .76 4.09 221 .00 -3.17 8.76 
Dy 0.20 12.55 0 .10 0 .80 12.30 2.03 0.10 
Er 0 .20 8.50 0.22 2.54 8.60 -1. 6 022 
Eu 0.20 9.95 0 .17 1.74 9.70 2.58 0.17 
Fe203 0.01 4.44 0 .06 1.42 4.45 -0.22 0.06 
Ga 1.00 20.75 0.50 2.41 20.00 3.75 0.50 
Gd 0.50 24.50 1.00 4.08 25.00 -2 .00 1.00 
Hf 0.50 6.75 0 .50 7.41 7.00 -3.57 0 .50 
Ha. 0 .40 3.00 0 .00 0 .00 3.00 0.00 0.00 
K20 0.00 3.17 0 .03 0.83 3. 11 1.85 0.03 
La 1.00 413.25 7.5() 1.81 424 .00 -2.54 7.50 
Li 1.00 84.75 126 1.48 83.00 2.11 126 
MgO 0.00 3.34 0.02 0.65 3.29 1.52 0.02 
MnO 0_0() 0.08 0.01 6.45 0.08 -3. 13 0.01 
Mo. 1.00 68.50 3.70 5.40 65.00 5.38 3.70 

a20 0.01 1.31 0.01 0.38 1.32 ~0.57 0.01 
b 1.00 14.50 0 .5-8 3.98 16.00 -9.38. 0.58 
d 1.00 358.25 4.57 1.28 355.00 0 .92 4.57 

1.00 411.25 4 .86 1. 18 40'2 .00 2.30 4.86 
P205 0.00 0.9() 0 .02 1.94 0.87 2.87 0.02 
Pb 1.00 441 .00 13.49 3.06 424 .00 4.01 13.49 
Pr 1.00 90.25 0 .50 0.55 93.00 -2.96 0.50 
Sc 1.00 10.00 0_0() 0.00 11.00 -9·.09 0.00 
Sm 0 .50 45.00 0 .82 1.81 46.00 -2.17 0 .82 
Sn 1.00 2.75 1.26 45.76 2.00 37.50 1.26 
Sr 1.00 712 .00 7.07 0.99 71l4 .00 1.14 7.07 
Ta 1.00 1.25 0 .50 40.00 1.00 25.00 0.50 
Tb 0 .30 3.00 0 .00 0.00 2.00 50.00 0 .00 
Th 1.00 120.25 2.36 1.96 117.00 2.78 2.36 
T~02 0.00 0.50 0 .01 1.63 0.50 0 .00 0.01 
u I(.P 2.00 3272.50 33.04 1.01 3350.00 -2 .3 1 33.04 
v 1.00 243 .00 5.89 2.42 240.00 125 5.89 
w 1.00 2.50 0.71 28.28 3.00 - 16.67 0.71 
y 1.00 59.75 0 .96 1.60 60.00 -0.42 0.96 
Yb 0.10 4.50 0.08 1.81 4..20 7.14 o.o.a 
Zn 1.00 122.25 6AO 5.23 117.00 4.49 6.40 
Zr 1.00 282 .25 6 .18 2.19 276 .00 2..26 6.18 
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SRC-Total LOD AGV-2 STD %RSO Accepted %RD 2o 
Digeslion Mean {n=2) 

AfJ 0.20 
AJ203 0.01 17.00 0.14 0.63 16:91 0.53 0.20 
Ba 1.00 1 10.00 14.14 1.27 1140.00 -2.63 20.00 
Be 0.20 2.00 0.00 0.00 2.30 -13.04 0.00 
Cd 0.20 1.00 0.00 0.00 0.00 
Ce 1.00 62.50 0.71 1.13 68.00 -6.09 1.00 
Co 1.00 14.00 0.00 0.00 16.00 -12.50 0.00 
Cr 1.00 18.50 0.71 3.82 17.00 8.82 1.00 
Cu 1.00 56.50 0.71 1.2.5 53.00 6.60 1.00 
Dy 0.20 3.10 0.00 0.00 3.60 -1 3.89 0.00 
Er 0.20 1.85 0.07 3.82 1.79 3.35 0.10 
Eu 0.20 1.65 0.07 4.29 1.54 7.14 0.10 
Fe203 0.01 6.66 0.06 0.85 6.69 -0.45 o.o.s 
Ga 1.00 20.50 0.71 3.45 20.00 2.5(1 1.00 
Gd 0.5(1 3.00 0.00 0.00 4.69 -36.03 0.00 
Hf 0.50 4 .00 0.00 0.00 5.0.S -21 .26 0.00 
Ho 0.40 0.71 
K20 0.00 2.92 0.02 0.73 2.8.S 1.22 0.03 
La 1.00 36.00 0.00 0.00 38.00 -5.26 0.00 
Li 1.00 10.00 0.00 0.00 1 .00 -9.09 0.00 
MgO 0.00 1.80 0.01 0.79 1.79 0.543 0.02 
MnO 0.00 0.09 0.00 0.00 0.00 
Mo 1.00 0.00 

a.20 0.01 4.04 0.0-4 O.Ba 4.19 -3 .70 0.05 
tJ. 1.00 11.50 0.71 6.15 15.00 -23.33 1.00 
d 1.00 27.50 0.71 2.57 30.00 -8.33 1.00 
i 1.00 19.50 0.71 3.6-3 19.00 2.63 1.00 

P205 0.00 OA.S 0.00 0.00 0.48 0.00 0.00 
Pb- 1.00 15.00 0.00 0.00 13.00 15.38 0.00 
Pr 1.00 tLOO 0.00 0.00 8.30 -27.71 0.00 
Sc 1.00 12.00 0.00 0.00 13.00 -7 .69 0.00 
Sm 0.50 4.00 0.00 0.00 5.70 -29.82 0.00 
Sn 1.00 1.00 0.00 2.30 -56.52 0.00 
Sr 1.00 661 .50 17.68 2.67 658.00 0.53 25.00 
Ta 1.00 0.89 0.00 
Th 0.30 0.64 0.00 
Tih 1.00 5.00 0.00 0.00 6.10 -18.03 0.00 
Tt02 0.00 1.03 0.01 0.69 1.05 -2.38 0.01 
U I(P 2.00 2.00 0.00 0.00 1.B.S 6.3.S 0.00 
v 1.00 123.50 2. 12 1.72 120.00 2.92 3.00 
w 1.00 0.00 
y 1.00 19.50 0.71 3.63 20.00 -2.50 1.00 
YtJ. 0.10 1.90 0.00 0.00 1.60 18.75 0.00 
Zn 1.00 87.50 0.71 0.81 86.00 1.74 1.00 
Zl 1.00 227.50 2.12 0.93 230 .00 -1 .09 3.00 
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SRC-Tolal LOD GSP-2 Accepted %RD 
Digestion Mean (n= 1) 

A!J 0.20 <0.2 
AJ203 0.01 14.80 14 .90 -0.67 
Ba 1.00 1330.00 1340.00 -0.75 
Be 0.20 1.3() 1.50 -13.33 
C<l 0.20 1.00 
Ce 1.00 412 .00 410.00 0.49 
Co 1.00 7.00 7.30 -4 .11 
C r 1.00 21.00 20.00 5.00 
Cu 1.00 44.00 43..00 2.33 
Dy 0.20 5.70 6.10 -6.56 
Er 0.20 2 .60 2.20 18.18 
Eu 0.20 2.60 2.30 13..04 
Fi:!203 0 .01 4.90 4.90 0.00 
Ga 1.00 23..00 22.00 4 .55 
Gd 0 .50 11.00 12.00 -8.33 
Hf 0.50 2.00 14.00 -B-5.71 
Ho 0.40 1.00 1.00 0.00 
K20 0.00 5.48 5.38 1.86 
La 1.00 192.00 180 .00 6.67 
Li 1.00 34.00 36.00 -5.56 
MgO 0.00 0.95 0 .96 -1.04 
MnO 0.00 0.04 
Mo 1.00 3.00 2.10 42.86 

a20 0.01 2.65 2.78 -4.68 
~ 1.00 22.00 27.00 -18.52 
d 1.00 187.00 200 .00 ~6.50 

i 1.00 16.00 17.00 -5.88 
P205 0.00 0_3() 0.29 3.45 
Pb 1.00 43. .00 42.00 2.3S 
Pr 1.00 46.00 51 .00 -9.80 
Sc 1.00 6.00 6.30 -4.76 
Sm 0.50 24.00 27.00 -11.11 
Sn 1.00 4.00 
Sr 1.00 242 .00 240.00 O.BJ 
Ta 1.00 < 
lb 0.30 < 
Th 1.00 99.00 105 .00 -5.71 
li02 0.00 0.65 0.66 -1.52 
U, ICP 2.00 <2 2.40 
v 1.00 55.00 52.00 5.77 
w 1.00 < 
y 1.00 24 .00 28.00 -14 .29 
Yb 0.10 1.50 1.60 .S.25 
Zn 1.00 1 6.00 120.00 -3 .33 
Zr 1.00 71 .00 550 .00 -87.09 
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SRC-Total LOD SY3 Accepted %RD 
Oi!JSSlion Mean {n= 1) 

AfJ 0.20 <0.2 1.50 
Al203 0.01 12.00 11.76 2.04 
Ba 1.00 441 .00 450 .00 -2...00 
Be 0.20 21.00 20.00 5.00 
Cd 0.20 1.00 
Ce 1.00 21 10.00 2230.00 -5.38 
Co 1.00 9.00 8.80 2.27 
Cr 1.00 10.00 11.00 -9.09 
Cu 1.00 14.00 17.00 -17.65 
Dy 0.20 114.0(} 1 8.00 -3 .39 
Er 0.20 65.20 68.00 -4 .12 
Eu 0.20 17.30 17.00 1.76 
Fe203 0.01 6.3l3 6.49 -1.69 
Ga 1.00 30.00 27.00 11.11 
Gd 0.50 102.00 10.5.00 -2...86 
Hf 0.50 10.00 9.70 3.(}9 
Ho 0.40 27.00 29.50 -8 .47 
1<20 0.00 4.3{) 4.23 1.&5 
La 1.00 1320.00 1340.00 -1.49 
Li 1.00 94.00 92.00 2.17 
MgO 0.00 2.78 2.67 4.12 
MnO 0.00 0.30 0.32 ..,fl_25 
Mo 1.00 1.00 1.00 0.00 

a20 0.01 4_(}5 4.12 -1. 7[} 
b 1.00 139 .00 14l3.00 ·6 .08 
d 1.00 637 .00 670.00 -4 .93 
i 1.00 10.00 11.00 -9.09 

P205 0.00 0.53 0.54 -1.85 
Pb 1.00 139.00 133.00 4.5·1 
Pr 1.00 207.00 223 .00 -7 .17 
Sc 1.00 6.00 6.80 -11 .76 
Sm 0.50 102.00 109.00 -6.42 
Sn 1.00 5.00 6.50 -23.08 
Sr 1.00 307.00 302 .00 1.66 
Ta 1.00 27.00 30.00 -10.00 
1b 0.30 18.00 18.00 0.00 
Th 1.00 981 .00 1003.00 -2.19 
Tr02 0.00 0. 14 0.15 · 6.67 
u 'CF' 2.00 642.00 650.00 -1.23 
v 1.00 53.00 50.00 6.00 
w 1.00 <1 1.10 
y 1.00 696.00 7ULOO -3 .06 
Yb 0.10 65.60 62.00 5.81 
Zn 1.00 234 .00 244.00 -4 .10 
Zl 1.00 334 .00 320 .00 4.38 
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Table A.3: Precision and accuracy results using standard reference materials analyzed by 
ICP-OES for whole rock and partial digestion at the SRC. 

SRC- LOD G2 STD %RSO Accepted %RD 2o 
Whole Mean 
Rod (n=4) 

Al203 0 .01 15.18 0.13 0.83 15.39 -1.40 0. 13 
Ba 2.00 1910.00 11.55 0.60 1880.00 1.60 11.55 
CaO 0 .01 UJ4 0 .02 1.26 1.96 -1.02 0 .02 
Cr 2.00 8.50 129 15.19 1.29 
Fe203 0 .01 2.68 0 .03 1.12 2.66 0 .56 0.03 
1<20 0 .01 4.47 0 .05 1.10 4.48 -0.22 0.1}5 
MgO 0.01 0.78 0 .01 1.22 0.75 4 .33 0.01 
MnO 0 .01 0 .03 0 .00 0.00 0.03 0 .00 0.00 

a20 0.01 4 .06 0 .05 1.16 4.08 -0.49 0.05 
P205 0 .01 0.12 0 .01 4.08 0.14 -12.50 0.01 
Sc 2.00 3.00 0 .00 0.00 3.50 -14.29 0.00 
Si02 0 .10 68.73 0 .56 0.81 69.14 -0.60 0.56 
Sr 2 .00 461 .75 3.86 0.84 478 .00 -3.40 3.86 
Ti02 0 .01 0 .48 0 .01 1.70 0.48 0 .00 0 .01 
y 2.00 13.50 1.73 12.83 11.00 22.73 1.73 
Zl 2.00 290.50 3.11 1.07 309.00 -5.99 3.11 
SUM 98.46 0 .71 0.72 0.71 
LOI 0 .10 

Partial 
LOD CAR110 STD %RSO Accepted %RD 2o 

Digestio n 
Mean 
{n=4) 

Ag 0.10 2.93 0 . 10 327 320 -8.59 0.10 
As 0.20 413 .00 2.16 0.52 402 .00 2 .74 2. 16 
Au' 2.00 
Bi 0 .20 20.75 0 .96 4.61 21.00 -1.19 0.96 
Co 0 .10 64.75 0 .50 0.77 67.00 -3.36 0.50 
Cu 0.10 200 .50 6 .03 2.92 209 .00 -1.20 6.03 
Ge 0 .20 
Hg 0 _20 
Mo 0 .10 59.50 1.29 2.17 57.00 4 .39 1.29 

0 .10 358.50 9 .15 2.55 354 .00 1.27 9.15 
Pb 0 .02 396.25 10.24 2.58 402 .00 -1.43 10.24 
Sb 0 .20 
Sb 0 .20 2.75 0 .50 18.18 4.00 -31.25 0.50 
Te 0 .20 1.00 0 .00 0 .00 1.00 o .. oo 0.00 
U Fl 0 .02 3155.00 20.82 OJ:ifi 3198.00 -1.34 20.82 
v 0.10 128.00 3.92 3.06 136 .00 -5.88 3.92 
Zil 0 .10 92.50 2 .08 2.25 95.00 -2.63 2.08 
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SRC- LOD AGV-2 sm %RSO Accepted %RD 2a 
Whole Mean 
Rack {n=2) 

AJ203 0 .01 17.25 0.07 0.41 16.91 2.01 0.10 
Ba 2.00 1130.00 28.28 2 .50 1 40.00 -0.88 40.00 
CaO 0 .01 523 0 .10 1.89 5.20 0.5-a 0.14 
CriCP 2.00 16.00 1.41 8 .84 17.00 -5.88 2.00 
Fe203 0 .01 6 .61 0.01 0 .11 6 .69 -1 .27 0.01 
K20 0 .01 2 .91 0.01 0.49 2 .88 1.04 0 .02 
MgO 0 .01 1.76 0.05 2 .82 1.79 -1.96 0.07 
MnO 0 .01 0 .10 0.00 0 .00 0.00 

a20 0 .01 4 .22 0.06 1.51 4 .19 0.60 0 .09 
P205 0 .01 0.47 0.00 0 .00 0 .48 -2..08 0.00 
Sc 2 .00 12.00 0.00 0 .00 13.00 -7.69 0.00 
Si02 0 .10 59.80 028 0.47 59.30 0.84 0.40 
Sr 2 .00 657 .00 8.49 129 658.00 -0. 15 12.00 
li02 0 .01 1.03 0.00 0 .00 1.05 -1.90 0 .00 
y 2.00 20.50 0.71 3.45 20.00 2.50 1.00 
Zr 2.00 220 .00 5.66 2 .57 230 .00 -4.35 8.00 
SUM 99.37 0.59 0 .59 0.83 
LOI 0 . 10 

Partial 
LOD AGV-2 sm %RSO Accepted %RD 2a 

gestion 
Mean 
t n=2) 

Ag 0 . 10 
As 020 1.00 0.00 0 .00 0.00 
Au' 2 .00 
Bi 0 .20 
Co 0 .10 6.00 0.00 0 .00 16.00 -62.50 0.00 
Cu 0 . 10 45.50 0.71 1.55 53.00 -1 4.15 1.00 
Ge 020 
Hg 0 .20 
Mo 0 . 10 1.00 0.00 0 .00 0.00 

i 0 .10 8 .00 0.00 0 .00 19.00 -57.89 0.00 
Pb 0 .02 3.00 0.00 0.00 13.00 -76.92 0.00 
Sb 020 0 .60 
Sb 0 .20 
Te 020 
u. "' 0 .02 0 .64 0 .05 7.79 1 .8~ -6622 0.07 
v 0 . 10 49.50 2. 12 429 120.00 -58.75 3.00 
Zn 0 . 10 45.00 1.41 3.14 86.00 -47.67 2.00 
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SRC- LOD GSP-2 
Whole 
Rock Mean (n= 1) 

AJ203 0.01 15.30 
Ba 2.0'0 1390.00 
cao 0.01 2.16 
CriCP 2.00 22.00 
Fe20J 0.01 4.80 
K20 0.01 5.47 
MgO 0.01 
MnO 0.01 0.9S 

a20 0.01 0.04 
P205 0.01 2.65 
Sc 2.00 029 

SRC- LOD SY3 Accepted %RD Si02 0.10 6.'00 

Whole Sr 2.00 66.30 

Rov {n=1) TI02 0.01 248.00 
y 2.00 104.fW5 

AJ203 0.01 1 .90 1 0 76 1.19 Zs 2.00 0.67 

Ba 2.00 437 .00 450.00 -2.89 SUM 27.00 

CaO 0.01 8.32 8.25 0.85 LOI 0.10 541 .00 

CriCP 2.00 9.00 11.00 -1 8.18 
Fe203 0.01 6.47 6.49 -0.31 Partial 

LOD GSP-2 

1<20 0.01 4.26 4.23 0.71 Digestion 
MgO 0.01 Mean (n=l) 
MnO 0.01 2.65 2.67 -0.75 Ag 0.10 <0.2 

a20 0.01 0.33 0.32 3.13 As 020 2.00 
P205 0.01 4.04 4.12 -1.94 Au' 2.00 
Sc 2.00 0.52 0.54 -3.70 Bi 020 <1 
Si02 0.10 7.00 6.80 2.94 Co 0.10 6.00 
Sr 2.00 59.90 59.68 0.37 Cu 0.10 43.00 
Tr02 0.01 307 .00 302 .00 1.66 Ge 020 < 
y 2.00 98.53 Hg 020 <1 
il 2.00 0.14 0.15 -6.67 Mo 0.10 2.00 
SUM 731.00 718.00 1.81 i 0.10 13.00 
LOI 0.10 308.00 320.00 -3 .75 Pb 0.02 16.00 

Sb 0.20 < 

LOD SY3 Accepted %RD Sb 020 <1 
Partial Te 020 <1 

o ·gestion U, FI 0.02 1.42 

Ag 0.10 <0.2 1.50 v 0.10 34.00 

As 020 6.00 18.80 -68.09 Zn 0.10 106.00 

Au. 2.00 
Bi 020 <1 0.80 
Co 0.10 2.00 8.80 -n.21 
Cu 0.10 13.00 17.00 -23.53 
Ge 0.20 < 1.40 
Hg 0.20 <1 0.02 
Mo 0.10 1.0{1 1.00 0.00 

0.10 2.00 11.00 -81 .82 
Pb 0.02 128.00 133.00 -3.76 
Sb 0.20 <1 0.31 
Sb 0.20 <1 0.03 
Te 0.20 1.00 
U,R 0.02 498 .00 650 .00 -23.38 
v 0.10 23.00 50.00 -54.00 
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Table A.4: Precision and accuracy results using standard reference materials for analysis 
by pressed pellet XRF at MUN. 

LOD AGV-1 STD %RSD Accepted %RD 2o 
Mean 
(n=9) 

Al203 0 .08 16.96 0.13 o.n 17.15 -1.11 0.0'9 
As 17.09 5.15 4.53 87.88 0.8,S 82.92 3.02 
Ba 22.12 1233.49 24.35 1.97 1200.00 2.72 16.23 
CaO 0.003 4.84 0.04 0.89 4.94 -2.03 0.03 
Ca 40.80 99.00 10.26 10.36 67.60 31 .72 6.84 
Cl 35.18 640 .S3 30.47 4.75 119.00 81 .43 20.31 
Cr 7.40 4.24 3.37 79.47 9.40 -1 21.63 2.25 
Cu 4.53 57.29 2.33 4.07 58.00 -1.24 1.56 
Fe203T 0.01 6 .62 0.03 0.4.3 6.n -2.31 0.02 
Ga 4.42 21 .26 1.9-1 8.96 20.20 4.98 1.27 
1<20 0.003 2.77 0.02 0.66 0 .04 98.48 0.01 
MgO 0.01 1.40 0.03 1.95 1.5.3 -9.08 0.02 
MnO 0.002 0.10 0.00 1.51 0.10 -1.98 0.00 

a.20 0.02 3.81 0.02 0.63 4.26 -1 1.88 0.02 
b 0.95 17.51 0.36 2.0.3 14.60 16.61 0..24 
i 4.92 17.95 2.86 15.94 15.50 13.63 1.91 

P205 0.003 0 .46 0.00 0.78 0 .50 -9.77 0.00 
Pb 5.09 36.78 1.81 4.9.3 37.40 -1.68 1.21 
Rb 0 .94 70.03 0.64 0.91 66.60 4 .90 0.43 
s 18.49 951 .57 12.16 1.28 8.11 
Sc 8..29 1 .87 1.92 16.15 12.30 -3.58 1.28 
Si02 0 .01 60.49 0..47 0.78 58.84 2.73 0.31 
Sr 1.58 690.41 2.41 0.35 660 .00 4.40 1.61 
Th 4..24 5.81 1.65 28.41 6.40 - 10. 12 1. 10 
Ti02 0.00 1.02 0.02 1.9() 1.05 -3. 15 0.01 
u 4.92 0 .62 2.56 410 .6.3 1.93 -209.64 1.71 
v 6 .61 1 3.57 6.54 5.76 1 9.00 -4 .78 4.36 
y 0 .84 18.32 0. 17 0.91 19.00 -3 .70 0. 11 
Zn 2.38 74.90 2.86 3.82 87.00 - 16.16 1.91 
Zf 1.54 260 .14 1.87 0.72 231 .00 1 .20 1.25 
lola I 99.09 0.70 0.71 0.47 
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LOD BCR-2 STO %RSO Accepted %RD 2o 
Mean 
{n=8) 

Al203 OJ)-8 14.71 0 .06 0.42 13.50 8.94 0.04 
As 17.09 3.9(1 3.96 101 .60 2.80 
Ba 22.12 720 .6.3 24.01 3.33 683 .00 5.51 16.96 
GaO 0.003 6.96 0 .02 026 7.12 -2..24 0.01 
Ce 40.80 75.59 13.56 17.97 53.00 42.62 9.61 
Cl 35.16 559.75 34.77 621 24.59 
Cr 7.40 17.36 2.33 13.43 16.00 -3.53 1.65 
Cu 4.5.3 20.52 1.13 5.52 19.00 8.01 0.80 
Ffl203T 0 .01 12.96 0.04 028 13.80 -5.97 0 .03 
Ga 4.42 22.15 0.91 4.10 23.00 -3.69· 0 .64 
K20 0.003 1.82 0.01 0 .64 1.79 1.49 0 .01 
MgO 0 .01 2.97 0.04 1.23 3.59 -17.19 0 .03 
MnO 0.002 0.19 0.00 1.1 1 0 .00 

a20 0.02 3.21 0.03 0 .89 3.16 1.50 0.02 
b 0.9-5 14.70 0.25 1.72 0.18 
i 4.92 26.33 9.09 34.51 6.43 

P205 0.003 029 0.00 0 .81 0 .35 -16.66 0.00 
Pb 5.09 10.12 1.41 13.86 11. 00 -7 .99 0.99 
Rb 0.94 47.23 0.53 1.11 46.00 -1.60 0.37 
s 16.49 766 .58 27.46 3.49 19.42 
Sc 8.29 30.55 320 10.49 33.00 -7.43 227 
Si02 0.01 56.52 0.20 0.35 54.10 4.48 0 .14 
Sr 1.5a 339.1)4 1.75 0.52 346.00 -2..0 1 1.24 
Th 4 .24 4.91 1.73 35.34 6 .20 -20.82 1.23 
Tr02 0.00 2.33 0 .02 0.74 2.26 2.95 0.01 
u 4.92 1. 11 1.52 137.43 1.69 -34.36 1.08 
v 6.61 421 .95 5.97 1.42 416 .00 1.43 422 
y 0.84 32.81 0 .32 0 .96 37.00 -11 .33 022 
Zn 2.38 87.91 1.80 2.05 127.00 -30.78 1.28 
ZI 1.54 200 .24 1.54 o.n 168.00 6_5.1 1.09 
total 102.49 0.28 0.27 169.00 -45.77 0.20 
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LOD BHVO · l STD %RSD Accepted %RD 2.a 
Me~n 

(n • l4) 

Al2.03 0.08 14.37 0.14 1.01 13.70 4.86 0.34 

As 17.09 3.24 7.21 2.2.2 . 73 0.50 547.25 76.40 

Ba 2.2..12 136.89 12..25 8 .95 133.00 2..93 3.07 

cao 0.003 11.02 0. 13 1.21 11.40 ·3.31 0.42 

Ce 40.80 49.67 14.79 29.78 38.10 30.37 10.2 

Cl 35.18 1107. 51 2.9.13 2.63 92..00 1103.82 0.90 

Cr 7.40 310.91 4.76 1.53 287.00 8.33 0.53 

Cu 4.53 136.97 1.95 1.42 137.00 · 0.02 0.49 

Fe203T 0.01 12.09 0.07 0 .59 12..40 · 2..49 0 .20 

Ga 4.42 20.59 1.59 7.71 2.1.00 · 1.96 2.65 

K20 0.003 0.50 0.01 1.52 0.53 -4.91 0 .52 

f-1g0 0.01 7.03 0.11 1.60 7.22 · 2..64 o.ss 
f-1n0 0.002 0 .17 0.00 1.31 0. 17 · 2.86 0.4:5 

Na20 0.02 2.33 0.02 1 .05 2..30 1.45 0.36 

Nb 0.95 2.3.65 0.38 1 .59 18.60 2.7.17 0.54 

Ni 4.92 12.4. 37 2..66 2..14 118.00 5·.40 0.73 

P205 0.003 0.30 0.01 2.28 0.27 9 .98 0.78 

Ph 5.09 2..73 1.99 72..87 0.00 94204 .8-6 2.4.99 

Rb 0.94 9.35 0.39 4.19 9.19 1.69 1.44 

s 18.49 1144. 50 2.4.54 2 . 14 93.00 1130.65 0 .74 

Sc 8.29 32..62 3.26 9.98 31.00 5.24 3.42 

Si02 0.01 49.16 0.38 0 .77 49.80 · 1.29 0.26 
Sr 1.58 410.22 2..09 0 .51 396.00 3.59 0.17 

Th 4.24 0.34 1.66 -483.16 1.23 · 127.88 · 165.72. 
TI02. 0.00 2..79 0.03 1.17 2..75 1.49 0.40 
u 4.92 1.05 2.13 · 2.02 .22 0 .41 · 357.65 · 69.36 
v 6.61 317. 3 7.53 2 .37 318.00 · 0 .27 0 .81 
y 0 .84 24.94 0.34 1.35 2.6.00 •4 .10 0.46 
Zn 2..38 1(}0.9 1 2.55 2.53 1(}6.00 ·4 .81 0.87 
Zr 1.54 191.77 1.34 0.70 174.00 10.2 0.24 
tota l 100.4 0.85 0 .85 0.29 
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LOD DNC· 1 STO %RD Accepted %RSO 2o: 
Mean 

{N • 8) 

Al203 0.08 19.54 0. 11 0 .55 18.34 6.53 0.08 

As 17.09 0.05 5.44 · 10212. 72 0 . 12 · 144.40 3.85 

Ba 22.12 118. 13.60 11.51 118.00 0 .09 9 .6 1 

cao 0.003 11.12 0.05 0.46 11 .49 · 3.25 0.04 

Ce 40 .. 80 21.63 18.49 85.47 13.07 

Cl 35.18 678.08 2.8.65 4.23 60.00 1030.14 2.0.26 
Cr 7.40 30.6.73 3.21 1.05 270.00 13.60 2.27 

Cu 4.53 82.72 3.22 3.89 100.00 · 17 .28 2.27 

Fe.203T 0.01 9.96 0.03 0.27 9 .. 97 · 0.09 0.02 

Ga 4.42 12.77 1.10 8 .58 15.00 · 14.85 0 .78 

K20 0.003 0.26 0.00 1.33 0 .23 12..32 0 .00 
MgO 0.01 10.34 0. 14 1.31 10.13 2..08 0.10 
F>1n0 0 .002 0.15 0.00 0.97 0 . 15 · 3.16 0.00 

Na20 0 .02 1.90 0.03 1.34 1.89 0.78 0.02 

Nb 0.95 2.45 0.26 10.74 3.00 · 18.25 0. 19 

Ni 4.92 2.44.65 2.. 93 1.20 247.00 · 0 .95 2..07 
P20S 0.003 0.10 0.00 2.10 0 .. 07 50.00 0.00 
Pib 5.09 7.23 1.41 19.50 6 .30 14.71 1.00 
Rb 0.94 3.58 0.19 5. 18 4 .50 · 20.53 0.13 

s 18.49 1297.1 6 32..23 2.48 2.2.79 

Sc 8.29 33. 14 2..44 7.35 31.00 6.91 1.72 
Si02 0 .01 44.32 0.30 0 .68 47.15 · 6.00 0 .21 
Sr 1.58 142..03 0.81 0. 57 144.00 · 1.37 0.57 
Th 4.24 0.97 1.56 · 161.83 1. 10 
Ti02 0 .00 0 .46 0.01 1.51 0.48 ~.82. 0.00 
u 4 .92 1.07 1.93 · 180.76 1.36 
v 6.61 145.29 2.49 1.71 148.00 · 1.83 1.76 
y 0.84 15.57 0.34 2.15 18.00 · 13.49 0.24 
Zn 2..38 56.8 1 1.15 2.02 70.00 · 18 .84 0 .81 
Zr 1 .54 37.38 0.47 1.25 38.00 · 1.64 0.33 
total 98.7 1 0.55 0.56 0.39 
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LOD DTS· l STD %RD Accepted %RSD 2a 
l\o1ean 

{n • 34) 

Al'20 3 0.08 0 .00 0.02 · 1652.91 0 . 19 · 100.56 0.01 

As 17.09 0.53 4.57 · 867 .47 0.03 · 1649.85 1.57 

Ba 22.12 9 .29 6.37 68.57 1. 70 446.73 2.19 

C<'!!O 0.003 0.16 0.00 1.85 0 .17 · 8.02. 0.00 

Ce 40.80 4 .25 11.29 265.42 0 .07 5975. 50 3.87 

Cl 35.18 773.25 35.06 4.53 11.00 6929. 58 12.03 

Cr 7. 40 3989.38 24.18 0.61 3990.00 · 0.02. 8.29 

Cu 4.53 6.16 2.03 33.02 7 .10 · 13.20 0.70 

Fe203T 0.01 9.32 0.03 0.35 8 .68 7.42 0.01 

Ga 4. 42 1.88 1 .39 · 74.16 0.48 

K20 0.003 0.04 0.00 8.73 0 .00 3855. 3 0.00 

MgO 0.01 49.57 0.24 0.48 49.59 · 0.04 0.08 

t•1n0 0.002 0.13 0 .00 1.37 0 .12 6.18 0.00 

Na20 0.02 0 .21 0 .04 17.67 0 .01 2033.89 0.01 

Nb- 0.95 0 .53 0 .33 61.50 0.11 
Ni 4.92 2360.08 7.61 0.32 2360.00 0.00 2.61 

P20S 0.003 0.11 0.00 1.45 0 .00 5536. 18 0.00 

Pb 5.09 7.32 1.46 19.97 12.00 ·39.01 0.50 

Rb 0.94 0 . 11 0 .32 286.37 0.11 

5 18.49 1122.25 34.38 3.06 12.00 9252. 11 11 .79 
Sc 8..29 2.03 2 .33 115.13 3.50 -42.11 0.80 
Si02 0.01 39.20 0 .30 0.77 40.4 1 · 2.99 0.10 

Sr 1.58 0 . 18 0.44 241. 2 0 .32 ·43.32 0.15 
Th 4.24 0.49 1.26 · 256.72 0.01 · 5019.51 0.43 

•02 0.00 0 .01 0 .00 23 .57 0.01 47.04 0.00 

u 4.92 0.27 1.40 · 5 15.06 0.00 ·7660.00 0.48 
v 6.61 9 .25 1.77 19.15 11.00 · 15.91 0.61 
y 0.84 0.02 0 .25 · 1358.92 0.08 
Zn 2.38 96.85 5.65 5.83 46.00 110. 53 1.94 
Zr 1.54 0 .48 0.51 · 106.BA 0.18 
total 100.01 0.42 0.42 0.14 
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LOO DNC· 1 STD % RD Accepted % RSD 2o 
Mean 
(N• B) 

Al203 0.08 19.54 0. 11 0 .55 18.34 6.53 0.08 

As 17.09 0 .05 5.44 · 10212.72 0 . 12 · 144.40 3.85 
Ba 22. 12 118.1 13.60 11.51 118.00 0 .09 9.61 

cao 0.003 11 .12 0 .05 0.46 11.49 · 3.25 0.04 

Ce 40.80 21.63 18.49 85.47 13.07 

Cl 35.18 678.08 28·.65 4 .23 60.00 1030. 4 20.26 

Cr 7.40 306.73 3.21 1.05 270.00 13.60 2.27 

Cu 4 .53 82.72 3.22 3.89 100.00 · 17.28 2.27 

Fe.203T 0.01 9.96 0 .03 0.27 9.97 · 0 .09 0.02 

Ga 4.42 12.77 1.10 8.58 15.00 · 14.85 0.78 

K20 0.003 0.26 0.00 1.33 0 .23 12.32 0 .00 

MgO 0.01 10.34 0.14 1.31 10.13 2.08 0.10 

MnO 0.002 0.15 0.00 0.97 0 .15 · 3 .16 0.00 

N 20 0.02 1.90 0.03 1.34 1.89 0.78 0.02 

Nb 0.95 2 .45 0.26 10.74 3.00 · 18.25 0 .19 

Ni 4.92 244 J5 5 2.93 1.20 247.00 · 0.95 2.07 
P205 0.003 0 .10 0.00 2.10 0.07 50.00 0.00 

Pb 5.09 7.23 1.41 19.50 6 .30 14.71 1.00 

Rio 0.94 3.58 0 . 19 5.18 4 .50 · 20.53 0.13 

5 18.49 1297. 16 32 .23 2.48 22.79 

Sc 8 .29 33.14 2.44 7.35 31 .00 6.91 1.72 
Si02 0.01 44.32 0.30 0 .68 47.15 ·6 .00 0.21 

Sr 1.58 142.03 0.81 0.57 144.00 · 1.37 0.57 

Th 4 .24 0 .97 1.56 · 161.83 1.10 
Ti02 0.00 0.46 0.01 1.51 0 .48 -4.82 0 .00 

u 4 .92 1.07 1.93 · 180.76 1.36 
v 6.61 145.29 2.49 1.71 148.00 · 1.83 1.76 
y 0.84 15.57 0 .34 2.15 18.00 · 13.49 0.24 
Zn 2.38 56.81 1.15 2 .02 70.00 · 18.84 0 .81 
Zr 1.54 37.38 0.47 1.25 38.00 · 1.64 0 .33 
total 98.71 0.55 0 .56 0 .39 
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LOD PACS·1 STO %RSO Accepted %RD 2o 
Mea 

(n= 18) 

AJ203 o.o8 13.02 0.07 0 .5:3 12.23 6 .43 0.03 
As 17.09 210 .53 6.92 3.28 211.00 -0. 7 3..26 
Ba 22.12 672 .72 19.12 2.84 9.0 1 

CaO 0.003 3.16 0.02 0.65 2.92 8.06 0.01 
Ce 40.80 . 100.6.5 15.02 14.92 7.08 
Cl 35.18 2Ja97.50 215.98 0 .90 23900.00 -0.01 101.81 
Cr 7.40 132.&1 3.81 2.87 113.00 17.52 1.80 
Cu 4.53 417 .90 6. 14 1.47 452 .00 -7.55 2.89 
Fi:!203T 0.01 7.48 0.02 0 .26 6.96 7.42 0.01 
Ga 4.42 15.44 1..26 8.18 0.60 
1<20 0.003 1.61 0.01 0 .76 1.50 7.55 0.01 
MgO 0 .01 3.78 0.05 1.22 2.41 57.05 0.02 
MnO 0.002 0.06 0.00 2.13 0.06 7.76 0.00 

a20 0 .02 4.01 0.05 1.16 4.40 -8.84 0.02 
b 0 .95 10.83 0.30 2.80 0.14 
i 4.92 54.46 3.13 5.75 44.10 23.50 1.48 

P205 0.003 0.44 0.00 0 .88 0..23 87.32 0.00 
Pb 5.09 381 .16 4.11 1.08 404 .00 · 5.65 1.94 
Rb 0.94 43.13 0 .33 o.n 0.16 
s 18.49 13194 .09 87.48 O.Btl 13200.00 -0.04 41' .24 
Sc 8.29 13.98 3.49 24.99 1.65 
Si02 0.01 63.83 0.30 0. 6 55.70 14.60 0.14 
Sr 1.5-B 28.5 .93 1..20 0.42 277 .00 3..22 0.57 
Th 4.24 -6.22 2.19 -35.20 1.03 
Tr02 0.00 0.81 0.01 1.38 0.70 14 .91 0.01 
u 4.92 ·2.20 1.61 -73.30 0.76 
v 6.61 154.04 3.85 2.50 127.00 21.29 1.82 
y 0 .84 17.22 0.22 1.30 0.11 
Zn 2.38 479 .70 9.17 1.91 824.00 -4 .78 4.32 
Zr 1.54 143.01 2.28 1.60 1.U8 
total 104.27 0.38 0 .36 0.18 
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LOD SY-3 STO %R SD Accepted %RD 2o 

Mea n (n=52 ) 

AJ20 3 OJN~ 12.61 0 .13 1.03 11.76 7..25 0.04 

As 17 .09 25.24 5.33 2 1.10 16.80 34 .24 1.48 

Ba 22 .1 2 448.45 1 .32 2.52 450.00 -0 .34 3.14 

C aO 0 .003 8.04 0 .04 0 .55 8..25 -2.57 0.0 1 

Ca 40 .80 1523.42 979.65 64.32 271 .76 
Cl 35.1 6 1 62 . 10 2 13.02 16.33 150.00 674 .73 59.08 
Cr 7.40 3.71 3.04 81 .81 11.00 ·6fL25 0.84 
Cu 4 .53 13.33 4 .89 36.72 17.00 -21.59 1.36 
Fe20 3T 0 .0 1 6.19 0 .09 1.44 6 .49 -4 .60 0.02 
Ga 4.42 28.37 1.65 5.80 27.00 5.08 0.46 
1<20 0.003 4..23 0 .08 1.Q.9 4_23 -0 .07 0.02 
MgO 0 .0 1 2.9 1 0 .06 2 ..23 2.67 8 .90 0.02 
MnO 0.0()2 0.30 0 .01 2 .06 0.32 -5.5 1 0.0() 

a2 0 0 .(}2 4..21 ()_02 0 .53 4.12 2 .09 0.0 1 
b 0 .95 177 .20 105 .1,8 59.36 148.00 19.73 29. 17 
i 4 .92 66.76 35.66 53.41 11.00 507 .06 9.89 

P205 0.003 0.49 0 .(}5 10.06 0.54 -9'.30 0.(}1 
Pb 5.(}9 119.48 24 .64 20.62 133.00 -10.16 6.8 3 
Rb 0 .94 207 .70 9 .03 4 .35 206 .00 0 .8 3 2.51 
s 18 .49 1044.74 178.58 17.09 510 .00 104.65 49.53 
Sc 8..29 3.41 4 .12 120 .66 6.80 -49.89 1.14 
Si02 0 .0 1 63.14 0 .36 0 .57 59.68 5.79 0.10 
Sr 1.58 287 .17 1 .99 4.18 302 .00 -4 .91 3.33 
Tih 4 _24 713 .15 269 .24 37.75 1003.00 -28.90 74.67 
TI0 2 0 .00 0.13 0 .00 2 .56 0. 15 -16.36 0.00 
u 4.92 578.57 21 2 .02 36.65 650 .00 -10.99 58.80 
v 6 .6 1 22.96 18 .52 80.66 50.00 -54.09 5.14 
y 0 .84 424 .54 225 .21 53.05 718 .00 -40.87 62.46 
Zn 2.JB 284.06 54.54. 19.20 244 .00 16.42 15.13 
ZI 1.54 328.55 24 .16 7.35 320 .00 2 .67 6.70 
total 103 .24 0.41 0 .39 0. 11 
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APPENDIX B: LITHOGEOCHEMISTRY OF THE TOPSAILS 
INTRUSIVE SUITE 

Geochemical investigation of the TIS required the use of numerous major and 

trace elements selected from a variety of analytical methods and laboratories. A list of the 

geochemical results for the entire sample suite is provided in Table B 1 that include 

sample type information as well as the Aigpatic Index (AI = molar AI/ molar (Na + K)), 

Alumina Saturation Index (ASI = molar AI/ molar (Na + K + Ca)) and Ga*/Al ratio 

CaO and Ti02 where selected from whole rock analysis by ICP-OES at SRC. Trace 

elements were mostly selected from ICP-MS analysis from the OGL however because 

some samples returned over limit values in certain elements the results were substituted 

for ICP-OES results from SRC (Be, Ce, Cu, Hy, Nd, Sn, Th, V and F) and XRF results 

from MUN (Zr, Nb, Y, S and Cl). 
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Table B.l: Geochemical results for the TIS samples providing the sample type details and location. Easting and northing are 
Nad 27 specific. 

Sample# 300 3002 3003 3004 3005 3006 3007 3008 
Yea 2009 2009 2009 2009 2009 2009 2009 2009 

Rock Type rhyolite hyolite 
Am-Pyx Am-Bt Otz-Kis rhyolite 

hyolite 
rhyoli1e 

Qrani te Qranite POI'Pf1vrv breccia breccia 
Rock Unil Ss Ssf Sp Sm Sq ssr Ssf Ssf 
Sample type float outcrop outcrop outor0cp outcrop outcrop outcrop outcmp 
Easling (m) 48928~ 489.287 491660 491563 488530 480295 481510 480608 
Northina 1m1 5427605 54276()9 5414336 5414297 5421339 5427781 5427710 5427557 
Si02 ( ~t')'; ICP...QES; WR} 76.80 76.40 75.20 76.20 76.20 79.00 81.40 79.10 
Al203 (wt~; ICP-OES; WR} 1 .20 10.40 11.40 12.10 10.80 10.90 9.74 10.80 
Fe203 (wt%; ICP-OES: WR} 2.26 2.37 3.3~ 2.33 2.79 1.70 1.40 2.85 
K20 (wt%; ICP-OES: WR} 4.97 4.90 4.75 4.77 4.4 1 5.19 3.96 3.49 
Na20 (wt%; ICP-OES: WR) 3.16 2.90 4.49 4.01 4.10 1.49 0.76 2.61 
MgO {wt%; ICP-OES; WR) 0.04 0.05 0.06 0.05 0.04 0.14 0.17 0_27 
MnO (wt%; ICP-OES; WR} 0.02 0.03 0.06 0.01 0.05 0.01 0.02 0.04 
P205 (wt%; ICP...QES; WR) 0.03 0.07 0.04 0.02 0.03 0.02 0.02 0.03 
cao (wt%; ICP-OES; WR} 0.12 o.4a 0.25 0.13 0.21 0.03 0.09 0.07 
TI02 (wt%; ICP-OES; WR) 0.17 0.25 0.32 0.17 0.18 0.12 0.10 0.19 
Ba {ppm~ ICP-OES; WR) 58.00 93.00 82.00 590.00 31 .00 43.00 33.00 72.00 
LOI {wt%; ICP-OES; WR~ 0.40 0.60 0.10 0.70 0.40 1.10 1.60 1.20 
ASI 1.04 0.95 0.88 1.01 0.91 1.34 1.71 1.32 
Ga•JAI 2.52 2.51 4.50 3.39 4.93 2.77 2.96 3.88 
AI 1.06 1.03 0.91 1.03 0.94 1.35 1.76 1.34 
Cl (ppm: XRF} 128.94 213.76 150.77 158.68 12().77 83.66 99.78 104.56 

b (ppm~ XRF} 40.16 38.71 15.0 1 8.20 56.00 33.74 30.62 56.60 
s (ppm~ XRF} 127.96 123.85 1 5.76 153.74 118.09 124.11 125.08 118.63 
y {ppm~ XRF} 76.69 74.59 26.19 20.17 106.43 56.32 46.92 135.50 
Zs {!;!Em~ XRFl 618.26 662.96 282.93 294.38 1165.77 338.33 282.36 1245.76 
Bi {ppm; ICP-MS} 0.18 0.3~ 0.24 0.40 
Cd (ppm; ICP-MS} 0.12 0.12 0.15 0.23 0.30 0.04 0.05 0.20 
Co {ppm~ ICP-MS) 0.28 1.73 0.42 0.54 0.20 0.30 0.65 0.32 
Cr (ppm.; ICP-MS) 35.00 16.00 8.00 13.00 2 1.00 9.00 7.00 10.00 
Cs (ppm~ ICP-MS) 0.47 0.58 0.58 0_25 1.67 2.20 3.32 3.28 
Dy {ppm; ICP-MS) 14.13 14.61 7.09 5.36 26.79 10.28 8.07 27.63 
Er (ppm: ICP-MS) 9.22 9.13 4.64 2.37 17.79 7.43 6.05 16.75 
Eu {ppm; ICP-MS} 0.29 0.65 0.76 1.50 1.73 0.06 0.06 2.31 
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Same le # 300 3002 3003 3004 3005 3006 3007 3008 
Ga (ppm; ICP-MS} 19.29 17.82 35.10 28.02 36.38 20.61 19 .70 28.67 
Gd (ppm; ICP-MS) 12.28 13.72 5.38 7.38 20.91 4_20 3.69 26.87 
Ho (ppm~ ICP-MS) 3.00 3.06 1.51 0.93 5.79 2.36 1.87 5.68 
In (ppm; ICP-M S) 0 .12 0.10 0 .13 0.15 0...24 0.08 0 .09 0...20 
La (ppm~ ICP-MS} 72.98 82.53 1 .78 51.55 60.45 7.32 10.76 1 4.80 
u (ppm; ICP-MS} 1.40 3.60 23.00 1.90 55.90 3_20 6 .60 9.30 
lu (ppm; ICP-MS} 1.33 1.34 0 .74 0.49 2 .60 1.13 0 .88 2.33 
Mo (ppm; ICP-MS) 0.40 0.58 0 .64 0.90 4 .98 1.30 0 .08 0.55 

d (ppm~ ICP-MS) 67.43 76.22 19.77 51.08 76.27 6.56 10.66 126.59 
i {ppm; ICP-MS) 4.80 

Pb (ppm~ ICP-M S) 12.70 9.40 5.90 5.90 38.80 1 .20 11.70 10.00 
Pr (ppm; ICP-MS ) 18.1 20.13 4 .62 13.08 18.67 1.73 2 .82 31.17 
Rb {ppm; ICP-MS} 182.8.5 179.64 118 .55 93.22 229.44 190.45 189.31 156.65 
Sb (ppm; ICP-MS} 0.49 0.49 0 .08 0.05 0...24 1.85 0.43 0.47 
Sc (ppm; ICP-MS) 1.70 2.50 1.10 1.10 1...20 1...20 
Sm {ppm; ICP-MS) 13.62 15.49 5 .34 9.33 19.70 2.34 2 .82 27.95 
Sr {ppm~ ICP-MS} 10.36 21.12 5.44 16.50 4.32 9.98 7.73 18.34 
Ta (ppm; ICP-MS} 2.48 2.32 0 .93 0.40 4...22 2.33 2..26 3.64 
Tb (ppm; ICP-MS) 2.12 2...27 1.04 0.99 3.91 1.24 0 .97 4.33 
Ti {ppm; ICP-MS} 923.00 1525.00 1874.00 1013.00 1355.00 650.00 601 .00 1 34.00 
Tl (ppm; ICP-MS} 0 .88 0.88 0 .55 0.46 1.09 1.06 1...22 0.81 
Tm {ppm; ICP-MS} 1.39 1.38 0 .71 0.35 2 .·66 1.11 0 .94 2.45 
u (ppm; ICP-MS} 7.34 7.05 2 .48 0.60 8 .86 3.81 5.48 7.18 
w {ppm; ICP-MS} 1.02 1.37 0...23 0.42 1.52 1.95 0..28 1.67 
Yb (ppm~ ICP-MS} 9 .04 9.08 4 .71 2.59 17.44 7.75 6 .11 15.81 
Zl1 (ppm~ ICP-MS ~ 42.00 41 .00 69.00 61.00 18.5.00 88.00 104.00 147.00 
Be (ppm; ICP-OES) 3.00 2.80 3 .40 2.40 5.70 2.50 4.50 9.50 
Ce (ppm; ICP-OES) 109.00 152.00 34.00 98.00 102.00 29.00 29 .00 152.00 
Cu (ppm~ ICP-OES) 1.00 7.00 2.00 3.00 
Hf {ppm; ICP-OES) 13.00 14.00 4 .00 1.00 23.00 9.00 7.00 24 .00 

d (ppm; ICP-OES) 52.00 61 .00 15.00 42.00 41 .00 4.00 8 .00 95.00 
Sn (ppm; ICP-OES) 8 .00 6.00 7 .00 4.00 10.00 7.00 7.00 10.00 
Th (ppm; ICP-OES) 23.00 22.00 4 .00 2.00 21 .00 27.00 19.00 19.00 
v {ppm; ICP-OES) 9.00 18.00 9.00 10.00 7.00 10.00 7.00 9.00 
F (ppm~ rus "on) 200.00 2600.00 200.00 400.00 400 .00 600.00 400.00 
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3009 3010 3011 3012 3013 3014 3015 3016 3017 3018 
2009 2009 2009 2009 2009 2009 2009 2009 2009 2009 

Qtz~Ksp Qtz-Ksp 
rhyolite 

Qtz-Ksp 
rhyolrte rhyolite 

Qtz-Ksp 
rhyolrle 

Qtz~p Am-Pyx 
porphyry porphyry porphvrv porphyry porphyry qranile 

Sq Sq Ssf Sq Ssf Ss Sq Ssf Sq Sp 
outcrop outcrop float outcrop ou1crop olltcrD'p outcrop outcrop outcrop outcrop 
480587 482905 484032 485947 485965 479915 478003 478003 486292 531004 

5427537 5422717 5422774 5423197 5423291 5424425 5423970 5423970 5420339 5433773 
Si02 76.90 75.80 78.20 75.00 77.00 72.50 77.40 77.40 76.80 75.40 
AJ203 12.40 11.80 11.70 12.00 12.00 13.70 10.30 9.62 10.90 11.40 
Fe203 2.62 2.80 1.26 2.63 1.39 2.09 3.62 2.67 2.71 2.7"7 
K20 3.56 4.87 1.41 4.85 5.17 4.80 2.47 6.07 4 .66 4.15 

a20 2.80 3.97 5.65 4.19 3.58 4.46 3.95 1.48 3.87 3.89 
MgO 0.31 0.15 0.05 0.08 0 .03 0.34 0.10 0.04 0 .03 0.14 
MnO 0 .05 0.07 0.05 0.05 0.02 0.04 0 .04 0 .10 
P205 0.05 0.04 0.02 0.03 0 .03 0.06 0.04 0.02 0.02 0.03 
CaO 0.05 0.19 0.06 0.32 0.04 0.49 0.08 0.18 0 .11 0 .04 

rG2 0 .30 026 0.10 0.28 026 0.39 021 0.18 0 .19 0.16 
Ba 50.00 162.00 34.00 167.00 123.00 588.00 52.00 1 8.00 32.00 52'0 .00 
LOI 1.70 0.70 1.00 0.60 0.80 1.10 1.00 0.80 0.60 1.00 
ASI 1.45 0.97 1.07 0.94 1.04 1.02 1.11 1.03 0.94 1.04 
GaiAJ 326 3.39 2.63 3.30 3.32 223 3.58 2.55 4.05 3.35 
AI 1.47 1.00 1.08 0.99 1.04 1.09 1.12 1.07 0.96 1.05 
Cl 135.25 235 .27 168.38 137 .34 167.69 168.01 97.95 224 .83 124 .42 168.09 

b 35.18 37.39 35.03 32.81 39.78 29.11 73.37 41.97 56.98 31.42 
s 156.36 130.70 199.55 125.08 158.13 144 .00 134.32 131 .24 120.41 121 .79 
y 63.59 74.30 60.38 62.17 74.17 54.94 175.50 102 . 4 1 5.29 74 .09 
Zr 595.64 643 .54 284 .84 555.29 709.90 463.44 1690.87 917.15 1 76.17 703.53 
Bi 0.16 0.20 0.15 0 .16 023 0 .17 0.30 0.15 
Cd 0.14 0.23 0.06 0.17 028 0.17 0.24 0.16 0.18 0.14 
Co 0.90 0.57 0 .14 0.47 020 2.35 0 .93 0.57 0.51 
Cr 6.00 12.00 6 .00 10.00 1 .00 14.00 17.00 14.00 18.00 10.00 
Cs 7.42 1.07 026 0.90 0 .33 1.05 0 .79 0.74 1.42 0.38 
Dy 13.46 15.46 1 .23 12.91 14.51 10.79 34.23 20.89 22.77 14.60 
Er 8.30 924 7.49 8.02 9.44 6.55 21.20 12.55 14.99 10.15 
Eu 1.22 1.65 0 .12 1.56 1.09 1.29 2.09 1.90 1.39 1.00 
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3009 3010 3011 3012 3013 3014 3015 3016 3017 3018 
Ga 27.68 27.33 21 .08 27.1 27.27 20.85 25.24 16.77 30.22 26.13 
Gd 10.90 14.91 5.16 12.37 10.52 10.47 27.18 19.92 16.66 7.71 
Ho 2.81 3.15 2.45 2.67 3.10 2.19 7.18 4 _24 4 .87 3_25 
In 0.18 0.18 0 .07 0.17 0 .13 0.07 0 .13 0.13 0_20 0.15 
La 59.44 85.22 2.93 73.08 44 .15 71.59 70.78 98.08 42.97 14.46 
Li 6 .60 24 .70 3.9{) 26.90 1.70 9.70 1.80 1.80 43.00 4 .00 
Lu 122 1.35 1.05 1_21 1.45 0.96 2 .89 1.75 2.15 1.57 
Mo 0 .37 1.63 4 .50 3.37 3.01 4.79 1.54 1.12 4 .89 2.03 

d 59.56 86.96 3_21 75.03 46.85 62.97 94 .15 103.36 51.97 20.30 
1.60 2 .50 

Pb 6 .30 18.40 4_20 17.00 1 .40 55.10 10.80 8_60 27.90 68.90 
Pr 15.59 22.20 0 .79 19.19 1 .6 17.05 22.47 2B.04 12.75 4.87 
Rb 215.811 125.37 48.69 122.58 134.15 152.17 87.96 195.27 178 .27 1 0.57 
Sb 0 .39 0.15 0.46 0.09 0 .39 0.43 1.01 0.79 0 .18 0.42 
Sc 1.60 1.60 1.80 1.50 1.40 5.00 1.30 1.50 
Sm 1 .80 16.83 2.15 14.60 9 .92 11.90 24.24 21 .35 14.56 5.79 
Sr 13.88 14.04 12.73 27.1 13.85 9.74 9 .69 52.72 12.34 10.90 
Ta 1.81 1.97 2.17 1.98 2 .07 1.79 4.48 2.72 3.36 1.82 
Tb 2 .00 2.42 1.47 2.03 2 .06 1.70 5_20 3.21 3_27 1.89 
Ti 1505.00 153 .00 641 .00 1551.00 1584.00 2348.00 1178.00 1146.00 1174.00 1016.00 
Tl 1.02 0.62 0 _25 0.66 0 .77 0.90 0.47 1.11 0 .99 0 .62 
Tm 1_22 1.37 1.14 1.18 1.43 0.99 3.12 1.84 2.25 1.54 
u 3.36 3.75 6 .72 2.99 5.05 6 .19 8_22 3.93 7_20 40.89 
w 0.48 0_26 0 .30 0.40 0 .67 1.06 1.59 4.36 1.30 0.48 
Yb 7.88 9.05 7.28 7.78 9 .50 6.47 20.07 11.75 14.62 10.18 
Zn 167.00 103.00 42.00 90.00 76.00 76.00 102.00 81.00 147.00 140.00 
Be 5.80 3.10 2 .60 2.80 1.50 3.10 3.70 2.00 5.90 4 _20 
Ce 192.00 166.00 8 .00 1Z7.00 81.00 79.00 156.00 145.00 8s.oo 72.00 
Cu 1.00 1.00 1.00 5.00 7.00 1.00 21.00 
Hf 10.00 1 .00 8 .00 10.00 12.00 7.00 32.00 1S.OO 23.00 14.00 
Nd 49.00 69.00 2.00 54.00 3S.OO 37.00 70.00 79.00 36.00 13.00 
Sn 6 .00 6.00 7.00 6.00 7.00 5.00 15.00 8 .00 11.00 11.00 
Th 1 .00 13.00 21 .00 12.00 13.00 1S.OO 29.00 17.00 21.00 12.00 
v 11 .00 10.00 10.00 10.00 11.00 23.00 1l.OO 9.00 8 .00 11.00 
F 900.00 400.00 200.00 300.00 100.00 900 .00 700 .00 100.00 200.00 
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3019 3020 302 3022 3023 3024 3025 3026 3027 3028 
2009 2009 2009 2009 2009 2009 2009 2009 2009 2009 

Am-Pyx Am-Pyx 
rhyolite lapilb tuff bas.al1 basalt 

grano-
rhyolite 

rhyoliti<; 
aplite dyke 

qranite Qranite diori1e tuff 
Sp Sp Ssf Ssf Ss Ssm HMC Ssf Ssf Sdc 

outcrop outa op outcrop outcrop outcrop outcrop outcrop outa op outcrop ou1a op 
531020 532283 493571 494842 494579 493152 494860 494827 494827 486897 

5433802 5432834 5424740 5420183 5416909 5426101 5420185 5420197 5420197 5413235 
Si02 77.20 74.70 75.30 74.50 51.50 58.60 65.50 75.60 70.20 77.00 
Al203 11.70 1 .80 12.30 13.90 17.70 17.00 13.90 11.90 14.30 1 .60 
Fe203 2.17 2.45 2.30 1.32 10.40 6 .47 3.66 2.50 2.86 2.44 
K20 3.56 4.35 3.75 2 .27 0.30 0 .64 5.12 4.36 4.59 3.46 

a20 4.53 4.53 4.26 4.98 3.49 6 .14 2 .68 3.86 2.54 4.55 
MgO 0.10 0 .17 0.26 0.80 4.50 3.48 1.60 0.10 1.09 0 .05 
MnO 0.03 0 .05 0.05 0.06 0.17 0 .08 0.08 0.04 0 .11 0.02 
P205 0 .03 0 .04 0.03 0 .05 0.41 0 .18 0.16 0.02 0 .11 0.02 
GaO 0.06 0.24 0.42 1.15 6.-49 2 .94 3.-49 0.-48 1.33 0.20 
Ti02 0.20 0 .17 0.23 0 .22 2.25 1.13 0 .38 0 .16 0.33 0.10 
Ba 341 .00 410.00 1080.00 878.00 121 .00 144 .00 2060.00 285.00 575.00 243 .00 
lOI 0.80 0 .60 1.10 1.20 2.60 3.70 2 .80 0 .80 1.70 0.60 
ASI 1.02 0 .94 1.04 1.09 0.9"9 1.05 0 .85 1.00 1.24 1.00 
GafAl 3.24 3.37 1.59 1.35 1.82 1.56 1.40 3.21 2 .80 4.97 
AI 1.03 0 .97 1.11 1.31 2.92 1.57 1.40 1.08 1.56 1.03 
Cl 142.29 125.11 104.48 78.56 89.46 190.93 187.93 48.26 58.38 157.66 

b 32.23 30.86 22.21 13.64 1 .54 10.48 6.42 52.55 19.59 476.92 
s 110.27 132.40 126.65 132.62 148.94 134.68 410.05 946.61 132.82 111.30 
y 104.55 88.53 52.20 23.87 28.58 30.43 8 .89 1 1.99 37.02 227.04 
ZI 782.66 831 .59 583.68 128.30 213 .01 311 .49 134.lB 1041.08 262 .71 229 .0 1 
Bi 0.22 0.20 0.15 0 .18 1.43 
Cd 0.11 0 .47 0 .09 0 .07 0.07 0 .09 0 .05 0.29 0 .09 0.29 
Co 0.36 0 .51 0.40 2.44 32.64 30.21 10.24 1.43 4 .90 0 .48 
Cr 9.00 8.00 17.00 19.00 18.00 40.00 30.00 15.00 29.00 15.00 
Cs 0.30 0 .56 0.82 0.91 1.09 0 .98 1.00 1.11 2 .94 0 .99 
Dy 2 .65 18.64 10.62 4.55 6.38 6.21 1.94 22.38 7.71 32.65 
Er 14.13 12.16 6 .78 2.83 3.57 3.65 1.02 13.94 4 .78 33.65 
Eu 2.02 2.48 1.70 0.88 2.19 1.63 0 .91 1.00 1.14 1.22 
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3019 3020 3021 3022 3023 3024 3025 3026 3027 3028 
Ga 25.95 27.22 13.34 12.80 21.98 18.10 13.31 26.15 27.42 39.39 
Gd 14.90 15.88 8.98 4.22 6.6o8 5.92 2 .60 19.56 7 .03 15.43 
Ho 4.65 3.90 2.24 0 .93 1.27 1.25 0 .37 4.63 1.60 8.41 
In 0 .12 0 .16 0.09 0 .03 0.09 0.05 0 .02 0.14 0 .05 0 .17 
La 33.61 60.08 37.26 33.38 23.60 20.70 35.40 79.98 42.26 76.56 
Li 3.00 16.60 2.90 6 .10 29.80 64.50 10.70 1.90 14.10 0.70 
Lu 1.99 1.82 0.99 0.44 0.47 0.53 0 .14 1.98 0 .69 8.20 
Mo 0.69 0 .65 0.47 3.55 0.4 1 0.42 1.Bo8 1.59 0 .3o8 1.90 

d 41.63 72.81 40.69 26.77 30.38 24.70 23.44 87.68 37.81 58.76 
4.10 27.60 57.90 13.80 15.10 

Pb 9.8() 24.70 17.90 9.20 12.60 6.40 21.00 21.70 15.80 27.10 
Pr 10.06 17.87 10.00 7.56 6.91 6.01 6 .65 22.14 10.15 16.90 
Rb 93.71 1 2.75 1 0.54 74.51 16.04 26.61 123.03 129.10 188.63 225.18 
Sb 0 .14 0 .19 1.19 0 .30 0.72 1.01 0.46 0.21 0.21 0 .47 
Sc 1.80 1.50 8.60 4.40 26.30 22.30 9.60 6 .90 
Sm 11.84 16.97 9.01 5.04 6.88 5.81 3.67 20.05 7.59 14.47 
Sr 7.19 5 .92 12.08 1 .93 46.92 181 .64 473J)6 2l3.SB 389.87 80.80 
Ta 2.02 1.78 1.27 1.00 0.60 0.,83 0 .34 3.49 1.34 62.68 
Th 3.07 2.78 1.58 0.70 1.04 0.91J 0 .35 3.42 1.18 3.85 
Tt 1 42.00 92.8 .00 1427.00 1318.00 13442.00 6970.00 2344.00 988.00 2314.00 559.00 
11 0 .47 0 .56 0.74 0.45 0 .11 0.13 0 .72 0 .69 0 .89 0 .44 
Tm 2.09 1.86 1.01 0.43 0.50 0.54 0 .15 2.13 0 .71 6 .76 
u 6 .11 -4.76 3.78 4 .60 0.70 2.Ja 2 .77 9.30 4 .89 78.62 
w 0.36 0 .30 3.44 0 .8-8 1.05 0.93 0 .53 0.79 2 .19 3.25 
Yb 13.43 12.22 6.84 2.86 3.14 3.51 0 .93 13.67 4 .63 53.8 
Zn 40.00 152.00 36.00 66.00 134.00 75.00 68.00 41 .00 59.00 5 1.00 
Be 3.40 5.00 2.50 1.90 1.20 2.20 1.10 6.50 4 .80 45.80 
Ce 146.00 129.00 86.00 52.00 46.00 39.00 52.00 157.00 78.00 82.00 
Cu 150.00 21 .00 14.00 479.00 1410.00 25.00 3.00 
Hf 15.00 17.00 10.00 3.00 4.00 6.00 1.00 21.00 6 .00 91.00 
Nd 29.00 51.00 38.00 19.00 24.00 19.00 18.00 64.00 29.00 37.00 
Sn 8.00 7 .00 4.00 1.00 6.00 3.00 63.00 
Th 14.00 14.00 11.00 14.00 3.00 7.00 15.00 26.00 15.00 208.00 
v 11 .00 10.00 10.00 24.00 226 .00 n5.oo 95.00 10.00 38.00 8 .00 
F 500.00 500.00 300.00 600.00 800.00 400.00 100.00 700.00 300.00 



136 

3029 3030 3031 3032 3033 3034 3035 3036 3037 3038 
2009 2009 2009 2009 2009 2009 2009 2009 2009 2009 

Am-Pyx 
rhyolite rhyolite rhyolite rhyolite 

Am-Pyx diabase 
lapilr tuff tuff diorite 

qranile qranrle dyke 
Smg Ssf Ss Ss Ssf Smg Sda Sst Ss Sa 

outcrop outa op outcrop outcrop outa o·p outcrop outcrop outcrop outcrop outa op 
494701 491455 491726 491729 494825 494797 494803 494807 515 ·65 488639 

5420085 5426493 5423754 5423754 5420196 5420194 5420189 5420185 5458980 5396212 
Si02 76.20 78. 10 77.20 69.70 76.80 75.50 49.60 69.00 76.10 56.30 
Al203 1 .00 1 .70 1 .00 12.90 11 .20 1 .10 15.70 15.50 10.90 14.10 
Fe203 2 .76 1.03 0 .98 4 .51 2.47 3.03 1 .60 3.33 3.34 8 .98 
K20 4 .36 3.70 7.54 525 420 4.53 1.66 2 .66 420 220 

a20 3.80 4.08 1.27 3.03 3.94 3 .·64 2.72 3.09 4 .44 3.69 
MgO 0 .04 0 .07 0 .04 1.03 0.03 0 .08 6.11 2 .60 0 .11 3.62 
MnO 0.11 0.03 0 .07 020 0.07 0 .06 0 .13 
P205 0 .03 0 .01 0 .02 0.19 0.02 0 .03 0.50 0 .16 0 .03 0 .34 
CaO 0 .04 0 .03 0 .04 1.15 0.25 024 8.48 1.99 0 .14 8 .08 
T!02 0 .19 0 .11 0 .10 0.83 0.16 0 .23 2.34 0 .53 0 .18 226 
Ba 56.00 56.00 1 0.00 249.00 330.00 566.00 293.00 647.00 54.00 269.00 
LOI 0 .60 1.00 1.10 1.70 0.60 0 .80 1.70 2 .10 0 .70 1.00 
ASI 1.00 1.{}9 1.07 1.01 0.98 0 .98 0.72 1.34 0 .90 0 .61 
GafAI 4.00 3.4 3 1.92 327 2.98 3.63 1.84 1.67 4.27 2 .30 
AI 1.00 1.09 1.07 1.21 1.02 1.02 2.50 1.95 0 .92 1.67 
Cl 94.89 120.52 126.14 88.65 53.65 1 0.01 98.66 74 .68 141 .27 233.07 

b 51.54 51.96 33.37 36.61 52.72 43.90 10.59 13.66 72.51 17.42 
s 117.07 117.75 2952.97 4342.03 142.91 2247.96 1387.24 215.22 131 .87 133.n 
y 105.24 66.12 55.64 71.46 109.40 88.53 35.78 24.23 175.62 40.81 
Zl 1067.95 657 .39 244 .36 384.26 1019.03 8 14 .94 253.81 170.79 1726.54 279.07 
Bi 0.29 0 .39 0.42 0 .35 024 0 .64 
Cd 0 .16 0 .09 0 .03 0 .11 0 .19 0 .49 0.20 0.12 0 .25 0 .08 
Co 0 .19 0 .14 0 .36 7.35 1.00 1.86 47.31 10.51 0 .25 24 .78 
Cr 24.00 5.00 13.00 20.00 38.00 14.00 152.00 24.00 16.00 68.00 
Cs 0 .97 0 .43 1.23 1.43 1.08 0 .78 17.34 3.41 0 .79 0.22 
Dy 20.58 14 .17 9.42 14.10 21 .41 19.02 7.50 4.97 33.68 8 .38 
Er 14.35 9 .10 7.12 9.79 13.48 1 .79 4.25 3.05 22.03 4 .94 
Eu 1.46 0 .19 0 .07 1.09 0.92 1.77 2.51 1.19 1.89 2 .11 
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3029 3030 3031 3032 3033 3034 3035 3036 3037 3038 
Ga 30.10 27.42 14.42 28.82 22.84 27.57 19.72 17.70 .31.79 22.20 
Gd 15.93 10.36 3.24 12.66 18.48 17.99 7.97 4.91:1 26.65 8.13 
Ho 4 .56 3.03 2 .20 3.07 4.48 3.94 1.49 1.03 7 .31 1.70 
In 0 .20 0.18 0 .28 0 .13 0.08 0...25 0 .08 0 .04 0...20 0 .0'9 
La 69.89 4.73 3.77 67.45 75.16 96.87 23.40 34.96 66.06 29.27 
Li 0 .80 4.00 1..20 16 .10 1.00 1.60 13.70 24.00 5.00 3.30 
Lu 2.1 3 1.37 0 .9-9 1.35 1.88 1.75 0 .55 0.47 3 .05 0.69 
Mo 1.18 0.69 2.04 1.09 1 .12 7 .57 1.07 0.19 0 .54 0.88 

d 79.72 11. 98 4 .80 63.96 82.62 99.16 33.12 29.70 90.26 34.92 
i 5.30 82.00 11.80 27.00 

Pb 20.80 7.30 18.10 23.70 19.70 40.50 6.00 13.80 68.20 3.90 
Pr 20.05 2.36 1..24 17.05 20.94 25.15 7.48 7.97 21.49 8 .39 
Rb 149.97 125.48 315.75 220.24 107.68 120.21 115.25 103.19 189.82 54.22 
Sb 0...27 0...28 0 .59 1...23 0 .22 0 .0'9 0 .14 0.51 0.43 0.13 
Sc 1.80 10.10 1.30 34 .00 1 .00 27.40 
Sm 17.15 7.23 1.82 13.46 18.82 19 .89 7 .84 5.69 24.36 8.14 
Sr 181 .5 1 53.65 314.24 667 .86 0.14 6 .18 14.82 24.87 70.14 54 .08 
Ta 3.18 2.93 2. 11 2 .27 3.36 2.76 o.n 0.93 4 .53 1.10 
Tb 2.93 2. 11 1.06 2.15 3...28 2.96 1...24 0.79 4 .95 1.33 
Ti 1 39.00 678.00 601 .00 49 11 .00 929 .00 1672.00 14298.00 3506.00 1084.00 12226.00 

0.81 0.6-6 2.33 1.32 0.62 0 .53 0 .86 0.49 0 .94 0...27 
Tm 2.19 1.42 1.0'9 1.50 2.01 1.78 0.59 0.47 3...27 0 .72 
u 6 .75 6.79 6 .72 8 .. 66 8 .82 5.50 1.31 4..28 6 .95 2.45 
w 1.14 1.34 0.42 1.84 1.01 1.01 0 .27 1.54 0 .72 0 .60 
Yb 14.42 9.40 7.04 9 .29 13.03 11.57 3.77 3.11 20.92 4.61 
Zn 139.00 67.00 12.00 94 .00 22.0 0 108.00 101 .00 67.00 205JJO 84.00 
Be 5.70 3.30 2 .70 4 c60 6.30 4 .60 0 .90 2.10 8...20 2.00 
Ce 125.00 26.00 8 .00 122.00 153.00 171 .00 46.00 69.00 18'9.00 60.00 
Cu 4 .00 2.00 '9.00 4.00 11.00 2340.00 59.00 16.00 11.00 7.00 
Hf 20.00 16.00 7.00 9.00 20.00 14.00 5.00 4.00 34.00 5.00 

d 58.00 7.00 2 .00 51 .00 62.00 73.00 28.00 26.00 68.00 29.00 
Sn 11.00 8 .00 13.00 4.00 5.0() 9.00 13.00 
Th 20.00 21.00 21 .00 22.00 25.00 17.00 3.00 12.00 67.00 9.00 
v 10.00 12.00 8 .00 72.00 9.00 10.00 268 .00 70.00 '9.00 245 .00 
F 200.00 1100.00 400 .00 700 .. 00 100.00 600.00 
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3039 3040 3041 3088 3089 3094 3095 3096 3097 3098 
2009 2009 2009 2010 2010 2010 2010 2010 2010 2010 

gabbro gra 'te rhyolite Otz-Ksp mali<:: mafic 
tuff 

Otz~Ksp 
diori1e Als- granite 

dyke p()(phyry porphyry porphyry volcanic volca c porphyry 
Sda Ssya Ss Smg Sda Ssm Ss Sq HMC HMC 

outaop outaop outaop outcrop outa•op outcrop outorop float outcrop outcrop 
488640 5244.24 523527 484762 484748 539433 491635 4916~ 491631 491667 

5396212 5418481 5418301 5420173 5420181 545 820 5427086 5427088 5427077 5427125 
Si02 48.90 74.50 72.50 78.10 55.80 49.00 71 .70 75.30 58.30 70.60 
Al203 15.20 12.10 14 .30 10.80 16.90 19.40 14.30 1 .30 16.20 925 
Fe203 12.30 3.35 220 2.99 821 10.00 2.90 2.61 7.87 9.44 
K20 1.48 4.52 426 4.70 1.15 1.41 2.39 4.49 1.42 1.49 

a20 328 4.39 4.70 3.39 5.71 4 .48 3.31 4.02 2.52 0.04 
MgO 5.62 0.08 0.40 0.04 4.04 6.19 1.15 0.08 3.74 3.76 
MnO 021 0.08 0.05 0.04 024 0.16 0.05 0.07 0.14 0.16 
P205 0.41 0.05 0.07 0.02 0.30 0_21 0.14 0.08 0 .09 
CaO 7.89 0_27 1.06 023 5.68 7.73 1.74 0.30 5.99 0.61 

102 2.57 028 0.39 0.19 120 1.38 0.39 023 0.58 0.45 
Ba 303.00 1 40.00 809.00 390.00 464 .00 262.00 2140.00 128.00 459.00 100.00 
LOI 1.90 0.50 0.50 0.30 1.40 1.00 3.00 1.30 3.30 4.40 
ASI 0 .71 0.96 1.00 0.97 0.81 0 .85 128 0.94 0 .98 3.32 
GafAI 2.10 3.19 1.78 322 1.37 1.36 1.!X3 3.08 1.55 1.65 
AJ 2.17 1.00 1.16 1.01 1.59 2.18 1.78 0.98 2.85 5.51 
Cl 180.88 122.99 144.05 105.74 152.48 1416.86 1 4.94 203.28 121.76 100.01 

b 10.75 23.82 16.08 46.83 9.01 6.51 4.08 41.93 9.07 3.93 
s 495.80 129.69 120.49 744.05 161 .56 369.84 889.99 1274.89 469 .48 5190.23 
y 33.28 60.77 37.39 88.82 22.47 24.52 8.65 80.16 32.89 10.77 
Zr 215.06 568.30 424.27 810.31 189.34 113. 6 105.97 735.69 30.21 47.47 
Bi 0.17 0.63 0.16 025 229 
Cd 0.44 0_23 0.14 025 021 0.46 0.12 0.37 0 .07 0.08 
Co 40.91 0.33 1.69 1.14 27.82 47.79 723 0.61 21.04 38.12 
Cr 150.00 6.00 15.00 10.00 50.00 81 .00 33.00 6.00 50.00 49.00 
Cs 0 .92 0.95 2.17 0.64 1.75 16.60 4.40 0.51 3.92 3.02 
Dy 7.00 1 .76 6.81 19.62 4.61 4.95 1.84 17.45 7.12 2.12 
Er 3.89 7.93 4.43 12.03 2.62 2.87 0.98 10.49 4.00 1_20 
Eu 229 2_28 127 1.68 1.56 1.61 0.91 1.82 1.54 0.63 
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3039 3()40 3041 3088 3089 3094 3095 .3096 .3097 30'98 
Ga 21.83 26.40 17.39 23.75 15.79 18.06 15.24 23.77 17.19 10.41 
Gd 7.12 9.02 6 .51 18.1 0 4.9-9 4 .80 2.28 18.27 7.81 2.06 
Ho 1.39 2.55 1.44 4.03 0 .91 1.00 0 .34 3.52 1 .3~ 0.42 
In 0 .0'9 0.23 0 .06 0.30 0.07 0 .07 0 .03 0.18 0.12 0 .02 
La 18.09 36.08 41.85 82.58 24 .03 14.21 1 .65 100 .25 13.85 7.72 
Li 14.40 16.60 10.30 0.40 1 .90 96.00 16.40 5.80 34.40 55.10 
Lu 0.5 1 1.29 0.70 1.75 0.37 0 .36 0 .14 1.5.3 0.51 0 .15 
Mo 6.12 1.41 1.59 2.9'9 0.55 3.89 0 .16 2.58 0.15 L21 

d 27.14 44.86 36.32 88.63 25.34 19.06 11 .91 102.64 33.74 8.60 
j 55.90 4 1.30 71.50 11 .00 -0.60 15.20 21 .00 

Pb 36.10 18.40 26.50 10.90 16.60 12.90 39.60 23.60 9.50 13.10 
Pr 5.90 10.98 9.83 23.00 6 .31 4.41 2 .93 26.45 7.10 2.12 
Rb 57.35 85.24 125.91 115.59 33.73 76.62 78.28 96.07 58.42 69.90 
Sb 0.15 0.55 0 .5-4 0.14 0.33 0.21 1.43 0.07 0.39 4..27 
Sc 35.80 3.10 6 .70 1 20 23.80 32.80 8 .00 1.60 36.00 20.40 
Sm 6.73 9.63 7.11 19.09 5.33 4 .61 2 .62 20.64 9.00 1.99 
Sr 30.88 324 .65 222 .70 35.40 585.00 413.10 172.10 15.10 242.60 9.40 
Ta 0.69 1.15 0 .95 2.66 0.44 0..24 0 .25 2.23 0.50 0 .19 
Tb 1.13 1.69 1.06 3.0'9 0 .76 0 .79 0 .32 2.89 1.21 0 .34 
1i 15907.00 1626.00 2369.00 1096.00 6674 .00 736 .00 2103.00 96.00 3056.00 2293.00 

0..27 0.44 0 .79 0.69 0 .27 2.70 0 .5-8 0.55 0 .41 0.44 
Tm 0.55 1.19 o.sa 1.80 0 .3-8 0.40 0 .15 1.53 0.57 0 .17 
u 0.94 2.97 4 .82 5.87 1.45 0 .54 1.66 5.08 1.26 1.07 
w 0.4 1 0.55 1.10 0.76 1.39 1.33 1.70 0.63 1.15 9 .79 
Yb 3.46 8.02 4.54 11.75 2.44 2.49 0 .94 10.1 6 3.64 1.1}9 
Zn 172.00 125.00 52.00 84.00 129.00 120.00 44.00 126.00 75.00 84.00 
Be 1.40 2.60 2 .60 4.30 L20 1.00 1.60 3.90 1.90 1.50 
Ce 38.00 1 fi.OO 64.00 169.00 46.00 27.00 21 .00 217.00 39.00 12.00 
Cu 64.00 2.00 2 .00 1 70.00 9.00 38.00 47.00 3.00 58.00 6 .00 
Hf 3.00 10.00 8.00 16.00 3.00 1.00 13.00 

d 23.00 35.00 25.00 80.00 24.00 17.00 10.00 102.00 30.00 8 .00 
Sn 5.00 1.00 6.00 2.00 4 .00 3.00 4.00 2 .00 
Th 3.00 9.00 13.00 18.00 5.00 2 .00 5.00 19.00 5.00 2 .00 
v 328.00 11 .00 19.00 4.00 200 .00 298 .00 71.00 5.00 245.00 148.00 
F 400.00 400.00 800.00 N.D. .D. N.D. N.D. .D. .0 . .D. 
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3099 3100 3152 3153 3176 3177 3178 3179 3180 3181 
2010 2010 2010 2010 2010 2010 2010 2010 2010 2010 

gabbro tuH 
ganit.c Am-Bt 

ultramafic 
otz~Ksp Otz~Ksp 

ite dyke aplite dyke 
Am-Pyx 

dyke qranile porphyry porphyry 
a 

qranile 
HMC Ssf Sdc Sm Ssm Sq Sq Sdc Sdc Sm 

outaop outcrop outcrop outcrop outcrop outa D'p outaop outcrop outcrop outcrop 
491747 491756 49449() 489171 486484 486582 493278 494373 494463 489 157 

5427111 5427017 5410307 5410303 5408625 5408555 5413777 5410309 5410294 541031 
Si02 52.70 74 .00 76.30 75.70 38.20 79.80 77.00 77.00 77.00 75.40 
AJ203 16.80 14 .60 1 .20 12.20 19.60 10.00 10.70 10.30 1 .10 11.60 
Fe203 11.00 2 .60 3.68 2.66 19.30 1.76 2.73 3.04 2.12 2.71 
K20 1.39 2 .89 4.66 4.67 4.33 5.03 4.84 6.75 3.72 4.70 

a20 1.03 3.43 4.38 4.25 0.34 1.66 3.70 2.18 428 4.50 
MgO 5.76 0 .69 0.17 0.12 6.04 0.21 0 .07 0.14 0.05 0.09 
MnO 0.14 0 .01 0.07 0.09 0.50 0.03 0 .06 0.12 0.01 0 .07 
P205 0 .09 0 .11 0.02 0.85 
CaO 8.77 0.24 0..46 0.30 1.73 0.72 0 .19 0.45 0.18 0.30 
Tr02 0 .77 0 .34 027 021 4.66 0.16 0 .19 023 0.13 020 
Ba 271 .00 421 .00 133.00 808.00 110.00 629.00 58.00 158.00 62.00 710.00 
LOI 1.80 1.90 0.40 0.50 4.60 0.60 0 .30 0.40 020 0.30 
ASI 0 .88 1.59 0.86 0.97 2.34 1.05 0.92 0.88 0.97 0.89 
GaiAJ 1.34 1.65 3.98 3.08 2.35 2.56 3.71 3.28 3.36 3.30 
AI 5.25 1.66 0.91 1.01 3.74 122 0 .94 0 .95 1.00 0.93 
Cl 194 .05 116.30 146.54 178.17 1955.27 98.37 140.46 113.06 129.16 231 .72 

b 6.14 2.87 20.07 42.04 19.49 20.90 49.17 247 .58 40.90 45.12 
s 1049.37 348.40 151 .52 123.14 23340.70 193.79 145.40 150.69 115.34 142.89 
y 9 .68 7.85 30.70 94.32 53.17 63.97 106.11 224 .19 58.77 57.72 
b 61 .88 110.93 290.55 718.18 355.34 542.33 1037.50 3241.80 668.76 775.56 
Bi 021 0 .17 0.82 0.22 0.25 
Cd 0.06 0 .07 0.13 0.45 021 0.10 0.19 0.52 0.09 0.29 
Co 44.57 3.86 122 0.66 49.98 0.38 0.56 1.09 0.48 0.56 
Cr 36.00 25.00 5.00 8.00 38.00 13.00 9.00 9.00 6.00 6 .00 
Cs 1.88 3.32 0.34 0.39 7.69 0.58 0.69 0.88 0.38 1.70 
Dy 1.9-9 1.56 7.19 20.47 7.69 13.61 21.49 55.72 10.81 12.02 
Er 1.11 0 .87 4.51 12.29 4.38 8.31 13.54 30.70 7.91 8 .59 
Eu 0 .69 0 .67 0.99 3.17 2.24 1.94 1.57 6 .99 0.64 1.77 
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3099 3100 3152 3153 3176 3177 3178 3179 3180 3181 
Ga 15.45 16 .47 30.52 25.68 31.46 17.48 27.12 23.12 25.53 26.20 
Gd 2.27 2.0"9 6.94 19.28 8.13 13.06 17.93 52.63 7.59 9.50 
Ho 0 .39 0.30 1.45 4 .17 1.55 2.80 4.49 10.58 2.41 2 .61 
In 0 .05 0.01 0.14 0 .18 0 .14 0.13 0. 18 0 .12 0.12 0 .19 
La 11.8 14.83 26.56 81 .59 22.83 63.46 62.27 249.10 21 .74 42.07 
Li 18.00 10.10 12.80 2 .70 54.40 5.90 12.70 5.90 0.40 31.30 
Lu 0 .16 0 .12 0.90 1.75 0 .60 1..27 1.97 3.85 1..28 1.60 
Mo 0 .16 0..21 0.93 0 .86 0 .95 0.56 0 .41 0 .64 0.94 2.97 
Nd 13.00 13.29 33.05 93.29 34.44 66.39 70.29 284 .21 24 .98 48.1 

i 40.60 7.70 28.20 
Pb 5.9() 22.60 12.50 13.10 10.40 7.9() 19.40 26.60 7.8() 27.60 
Pr 3.30 3.45 8.37 23.49 7.84 16.89 17.76 74 .73 6..27 12.59 
Rb 54.19 143.42 145.22 120.75 155.24 141 .73 162.99 243.73 100.78 14().90 
Sb 0 .05 1.07 0.09 0 .10 0 .6S 0.17 0 .25 0 .18 0.05 0 .31 
Sc 40.10 7.10 2.10 1.50 36.90 1.9() 1.10 1.40 1.30 1.60 
Sm 2.71 2.63 7.54 20.64 8 .21 13.99 16.74 63.03 6.83 10.53 
Sr 164.90 125.20 16.90 34.60 50.70 145.60 1 .40 60.50 22.50 8 .80 
Ta 0 .33 0..23 1..22 2 .57 1.04 1.20 2 .99 15.08 2.52 2 .61 
Th 0 .34 0..28 1.15 3..25 1..27 2.14 3.23 9 .03 1.50 1.n 
Ti 410 .00 1958.00 1426.00 1066.00 25000 .00 796.00 1090.00 1243.00 724 .00 1104.00 

0 .33 0 .89 0.77 0 .78 1.37 0.70 . 0 .81 1.39 0.·63 0 .96 
Tm 0 .16 0 .12 0.71 1.81 0 .63 1..25 2.02 4.47 1..25 1.39 
u 0 .67 1.83 2.24 5 .16 1.43 3.53 3.92 25.96 5.54 4 .66 
w 0.16 2 .39 0.65 0 .54 1.08 0.41 0 .56 1.13 0.38 1.01 
Yb 1.06 0 .80 5.26 11.73 4 .08 8.27 13.10 28.33 8.51 10.06 
Zn 74.00 26.00 106.00 194.00 295 .00 20.00 102.00 153.00 20.00 154.00 
Be 0 .9() 1.00 5.60 3.50 6 .00 2.10 4.50 13 .80 4.60 5.00 
Ce 23.00 25.00 72.00 164.00 80.00 118.00 137.00 635.00 69.00 111.00 
Cu 148.00 6 .0() 1.00 131 .00 1.00 2 .00 
Hf 2.00 6.00 16.00 4 .00 11.00 23.00 18.00 16.00 17.00 

d 12.00 11.00 30.00 84.00 46.00 61 .00 67.00 259.00 26.00 48.00 
Sn 1.00 2 .00 6.00 5.00 4.00 6 .00 16.00 5.00 4 .00 
Th 4 .00 5.00 7.00 18.00 5.00 11.00 21.00 98.00 18.00 19.00 
v 429.00 65.00 7.00 4 .00 636.00 10.00 3.00 4 .00 2.00 4 .00 
F . D. N.D. N.D. N.D. .D. N.D. N.D. . D. N.D . N.D . 
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3183 3184 3185 3186 3187 3188 3230 323 3232 3233 
2 010 2010 2010 2010 2010 2010 2010 2010 2010 2010 

Am-Pyx Granite 
Gabbro Gai:Jbro 

Diabase Am-Pyx 
Rhyoli1e 

Olz~Ksp Olz-Ksp Olz~Ksp 

Granite dike dike Granite Porphvrv Porphyry Porphyry 
Sp Sdc Ssy Sa Sda Smg Ss Sq Sq Sq 

outorop outcrop outcrop outcrop outaop outorop outorop outorop ou1or·op outa o,p 
483294 486648 484557 482201 482370 494886 491614 486756 486571 487727 

5404148 54()3392 5403367 5405397 5405425 5420310 5426872 5420166 5420343 5420458 
Si02 76. 50 72.00 46.20 52.00 44 .00 76.10 79.40 78.60 87.60 77.40 
Al203 12. 10 14 .70 13.80 15.20 14.20 1 .00 10.50 9 .84 5.09 10.70 
Fe203 1.69 2.76 16.50 10.60 15.50 3.25 1.76 2.69 2.42 2.77 
K20 5.20 2.46 0.59 1.03 0.84 4.57 5.04 3.55 1.13 4.66 

a20 3.76 6.32 2.70 3.37 3.64 3.63 2.6-8 3 .36 1.34 4.05 
MgO 0 .13 0.45 6.03 6 .40 6.06 0.13 0.20 0 .69 0.76 0.04 
MnO 0 .01 0.02 0.19 0.16 0.23 0.03 0.02 0 .06 0:04 0.05 
P205 0.07 0.23 0 .18 1.05 0.10 
GaO 0 .09 1.40 9.82 7.71 8.33 0.21 0.24 0.19 0.07 0.20 
Ti02 0 .16 0.46 3.04 2.09 3.97 0.24 0.11 0 .11 0.08 0_20 
Ba 592.00 510.00 243.00 182.00 342.00 660 .00 48.00 34 .00 40.00 31.00 
LOI 0.40 0.50 0.80 1.30 2 .70 0.60 0.80 0 .9() 1.00 0.40 
ASI 1.01 0.94 0.60 0.74 0.64 0.97 1.02 1.01 1.43 0.89 
Gal AI 2 .68 1.92 1.93 1.62 2.01 3.27 3.28 3.82 4.75 3.74 
AI 1.02 . 1.13 2.72 2.28 2.06 1.01 1.06 1.05 1.49 0 .91 
Cl 201 .3.5 128.16 174.84 23.5.20 179 .. 17 1 7. 19 133.40 161 .51 122.91 99.34 

b 33.78 17.09 6.81 12.99 17.72 42.99 40.53 54.89 20.66 57.76 
s 115.40 307.3.5 714 .05 26.9.22 1161 .04 345.64 230.10 125.67 161 .9115 133.57 
y 55.26 48.92 26.29 26.30 47.67 91 .91 72.35 152 .21 45.23 109.69 
b 315.42 750.32 123.28 140.72 340.32 778.49 515.15 116-8.90 451 .67 1192.97 
Bi 0.25 0.15 0 .30 1.00 0.32 
Cd 0 .12 0 .13 0.16 0.17 0.20 0.19 0.11 0 .-41 0.07 0.26 
Co 0 .93 6.07 56.38 44.03 40.86 1.57 0.31 0 .52 1.87 0.40 
Cr 9.00 7.00 44.00 136.00 95.00 6.0() 6 .00 7 .00 10.00 9.00 
Cs 0 .30 0.13 0.-49 1.87 2.20 0.75 1.28 0 .54 0.12 1.39 
Dy 10. 16 9.64 5.44 5.31 10.06 22.24 12.26 32.92 8.16 22.48 
Er 7.16 6.51 3.07 3.16 5.46 12.58 8 .37 17.46 5.n 14.31 
Eu 1.01 2.26 1.72 1.49 3.89 2.33 0.15 3.21 0.53 1.65 
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3183 3184 3185 3186 3187 3188 3230 323 3232 3233 
Ga 22.18 19.30 18.18 16.82 19.48 24.56 23.52 25.72 16.53 27.37 
Gd 7.01 8.48 5.56 5.17 1 .20 23.94 8.21 36.66 5.97 18.51 
Ho 2.25 2.05 1.07 1.08 1.96 4.36 2 .61 6 .18 1.82 4 .70 
In 0 .10 0.02 0.11"9 0 .07 0 .12 0 .16 0 .12 0 .20 0 .09 0.20 
La 30.63 48.66 14.21 18.32 26.17 143.47 22.12 157.73 18.08 61.53 
Li 1.60 1.50 7.10 1 .80 20.00 1.60 5.20 17.60 33.00 31.90 
Lu 1.14 1.06 0.40 0.44 0 .6-8 1.75 124 228 0 .87 2.10 
ll.o 1.67 0.59 0 .55 1.03 1.19 2.16 0 .51 1.83 8 .57 1.18 
Nd 31 .09 44.15 19.40 21.46 44 .14 140.05 26.16 167.69 25.17 80.90 

i 28.50 98.10 47.40 2 .30 
Pb 9 .50 3.80 4.30 9 .10 7 .80 29.60 7.40 21.90 8 .70 27.90 
Pr 8.24 1 .89 4.37 5.17 9 .58 35.84 6 .59 42.38 6 .00 20.09 
Rb 137.56 45.44 1 .50 39.63 37.86 115.69 168.07 130.32 36.86 171 .51 
Sb 0 .18 0.10 0.06 0 .04 0 .10 0 .19 0 .36 0 .17 0 .31 0.25 
Sc 1.70 7.60 45.50 27.10 41 .30 1.30 1.10 
Sm 7.03 9..24 5.01 5.10 10.89 26.78 7.20 36.10 5.95 19.71 
Sr 34.00 146.60 310.40 337.10 358.00 29.30 19.70 9 .30 5.10 5.30 
Ta 2 .05 0 .98 0.41 0 .79 0 .95 2.65 2.43 3..28 125 3..28 
Th 1.41 1.47 0 .87 0 .84 Hi7 3.62 1. 71 5.54 1.14 3.37 
Ti 813.00 2513.00 16472.00 10924.00 21514.00 1522.00 557.00 943.00 378.00 996.00 

0 .72 0.39 0 .08 024 0 .25 0 .63 0 .73 0 .73 0..23 0 .96 
Tm 1.13 1.00 0.43 0.45 0 .74 1.82 1.26 2 .48 0 .87 2 .15 
u 4 .90 329 0.48 1.48 0 .51 5.43 6 .53 7..26 2 .92 7 .28 
w 0.79 0 .6-8 0 .14 0 .35 0 .16 1.34 2 .62 0 .93 0.47 1.12 
Yb 7.59 6 .81 2.75 2.93 4 .62 11.79 8 .33 15.57 5.76 14.27 
Zn 59.00 18.00 107.00 98.00 136.00 66.00 33.00 99.00 69.00 168.00 
Be 3.00 2.30 1.10 1.50 1.60 4.30 2.40 5.60 1.40 5.30 
Ce 69.00 72.00 27.00 36.00 62.00 204 .00 58.00 234 .00 41 .00 115.00 
Cu 4 .00 50.00 83.00 67.00 3780.00 11.00 5.00 14.00 3.00 
Hf 8 .00 10.00 2.00 3 .00 5 .00 13.00 15.00 26.00 9.00 27.00 
Nd 28.00 35.00 18.00 20.00 42.00 130.00 26.00 152.00 25.00 78.00 
Sn 5 .00 3.00 5 .00 4 .00 3.00 5 .00 9 .<00 5 .00 6 .00 
Th 17.00 1 .00 3.00 6 .00 2 .00 17.00 19.00 23.00 9.00 23.00 
v 3.00 15.00 692 .00 290.00 409.00 5.00 4.00 3 .00 7.00 3 .00 
F N.D. . D. N.D. N.D . N.D. N.D. . D. N.D . . D. .D . 
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3234 3235 3242 3243 3244 3245 3246 3247 3248 3249 
2010 2010 2010 2010 2010 2010 2010 2010 2010 2010 

Pyx granite 
Am-Pyx Am-Pyx diabase 

tuft bote«ia lapillt tuff Am- Pyx Am-Pyx diabase maflc 
qranile Qranile dyke qranile qranile dyke volca c 

Sdc Sp Sm9 Sda Ssf Ssf Sm9 Sm9 Sda Ssm 
outcrop outcrop outor,op outcrop outcrop outcrop outcrop outaop outcrop outaop 
486797 486797 4~716 4~720 4~744 494763 4~759 4~745 4~753 4~746 

5413180 5413180 5420146 5420146 5420160 5420169 5420183 5420151 5420171 5420164 
Si02 77.00 77.90 78.00 49.60 77.80 69.50 74.30 78.80 51 .80 54.00 
Al203 10.80 11.40 1 .40 13.10 10.40 14.20 9.89 1 .00 15.60 15.30 
Fe203 2.55 1.70 2.32 13.50 2.85 321 3_21 2.51 10.30 6.67 
K20 0.86 4 .53 2.65 2.08 3.54 3.03 4.20 4.50 1.55 0.60 

a20 5.84 4.30 4.79 2.87 3.46 2.46 3.95 3.82 2.85 5.99 
MgO 0.36 0 .06 0.07 3.83 0.24 1.83 0.04 0.05 6.03 2.68 
MnO 0.05 0 .03 0.04 0.26 0.05 0.07 0.06 0.02 0.16 0.42 
P205 0.10 1.28 0.16 0.11 0.35 0.30 
CaO 2.07 0 .07 0.09 7.33 0.32 2.48 0.12 0 .12 8 .09 5.93 
Tr02 0 .14 0.09 023 3.15 0.20 0.50 0.17 0.21 1.88 1.06 
Ba 62.00 38.00 253 .00 389.00 394.00 591 .00 22.00 77.00 339.00 80.00 
LOI 1.00 0 .30 0.90 2.40 1.00 1.90 0 .10 0.30 1.70 6.40 
ASI 0.76 0 .94 1.04 0.65 1.03 120 0.8-8 0.97 0.74 0.72 
GafAI 4.77 3.54 2.83 2.35 3.00 1.60 4.43 3.42 1.62 1.71 
AI 1.02 0 .95 1.06 1.88 1.09 1.94 0 .90 0.99 2.45 1.46 
Cl 296.25 287.35 136.07 62.77 119.62 67.07 55.13 1 8.06 139.70 105.64 

b 369.73 46.63 54.00 17.04 49.86 13.27 94.61 53.18 9.79 8 .47 
s 119.78 119.66 7~ .33 928.04 8397.34 127.72 121 .87 129.11 449 .02 162.37 
y 329.18 41 .98 106.66 66.45 99.13 23.81 94.41 103.12 28.32 21.33 
ZI 2210.11 323.97 1057.69 378.06 938.85 164.00 1680.66 962.58 173.92 163.78 
Bi 0.19 0.26 o.sa 1.37 0.26 0.51 0.29 
Cd 0.38 0 .16 1.24 0.24 0.19 0.11 0.34 0.36 0.24 0.07 
Co 1.38 0 .51 2.32 25.07 5.20 10.43 0.30 0.55 41 .07 21.54 
Cr 8 .00 6.00 8.00 8 .00 9.00 46.00 11.00 10.00 103.00 46.00 
Cs 0 .35 1.10 0.30 6.01 0.56 1.72 1.60 0 .76 2.40 0.97 
Dy 68.20 10.55 21.28 13.89 21 .17 4.74 22.02 22.88 5.91 3.94 
Er 49.41 8 .07 14.27 7.53 13.03 2.84 14.85 13.95 3.45 224 
Eu 2.54 0 .47 1.29 4.94 1.69 1.18 1.67 1.95 1.93 1.25 
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3234 3235 3242 324 3 3244 3245 3246 3247 3248 3249 
Ga 35.25 27.56 22.08 2 1.04 21..35 15.57 29.99 25.72 17.24 17.92 
Gd 40.09 6.00 14.85 15.1 8 18.59 4.75 20.15 2 1 . .32 5.93 4 .13 
Ho 15.23 2.39 4 .57 2.71 4 .33 0.95 4 .66 4 .59 1.17 0 .77 
In 027 0.14 0.30 0.12 0.35 0.04 024 0 .18 0 .07 0 .06 
La 48.47 12.60 47.04 35.63 79.61 34.88 76.07 98.57 18.26 21.04 
Li 3.90 42.60 2.50 9.90 2.80 9.90 42.00 1.30 16.70 12.10 
Lu 7.06 1.48 2 .11 0.94 1.EI-8 0.45 2.68 1.9-8 0.47 0.31 
Mo 30.03 0.73 2.00 1.6 1 34.45 0.14 0.30 229 0.99 0_28 

d 83.62 16 .12 53.99 58.41 88.4 1 28.65 96.24 107.11 23.42 20.72 
i 5.90 30.90 69.50 36.30 

Pb 14.80 20.70 49.10 6.60 23. 10 13.50 27.60 24 .60 5.30 12.80 
Pr 19.68 4.06 13.75 12.62 22 .31 8.00 24.19 27. 13 5.49 5.21 
Rb 30.26 192 .56 59.46 69.75 87 .92 104.02 239.96 133.77 34.07 28.61 
Sb 0.39 022 0.55 0.19 0 .54 0.36 0 .16 021 0.16 0 .64 
Sc 1.10 32.20 9.00 30.50 19.90 
Sm 31 .40 5.13 13 .52 14.58 19 .49 5.60 22.21 22.74 5.77 4 .38 
Sr 78.30 3.'60 30.60 326.00 48.90 249.50 1.80 8 .10 351 .20 237.10 
Ta 30.78 2.97 3.42 0.95 2 .83 0.88 5.83 3.00 0.53 0.46 
Th 9.00 1.38 3.00 2.30 321 0.75 3.34 3.59 0.95 0.64 
li 752.00 501.00 1191.00 17038.00 9 72 .00 2592.00 936.00 1075.00 10569.00 5893.00 
11 0.14 0.71 0.39 0.51 0 .59 0 .60 1.42 0 .79 0.25 0.16 
Tm 7.77 1.33 2.16 1.03 1.93 0..44 2.38 2 .05 0.49 0.32 
u 49.50 5.31 7.88 1.35 6 .54 3.76 9.12 6 .30 1_28 1.42 
w 7.47 0.59 2.11 0.32 0 .91 1.34 0.34 0 .98 0.35 3.12 
Yb 5 .07 9.53 14.20 6.4 2 12 .73 2.91 16.85 13.4 1 3.13 2.05 
Zn 31.00 118 .00 189.00 13 1.00 74 .00 68.00 278.00 133.00 77.00 176.00 
Be 34. 10 6.40 4.20 1.70 4.20 1.90 10.50 5.00 1.20 1.70 
Ce 120.00 29 .00 128 .00 85.00 161 .00 63.00 166.00 205 .00 .37.00 39.00 
Cu 1.00 1.00 3970.00 2 1.00 9300.00 23.00 10.00 14 .00 51 .00 30.00 
Hf 98.00 12 .00 20.00 8.00 18.00 3.00 23.00 17 .00 3.00 3.00 
Nd 83.00 15.00 50.00 57.00 84 .00 27.00 87.00 100.00 22.00 22.00 
Sn 85.00 5.00 5.00 4.00 2.00 4.00 13.00 2 .00 3.00 6.00 
Th 80.00 17.00 22.00 5.00 20.00 13.00 31.00 2 1.00 5.00 5.00 
v 3.00 1.00 13.00 236.00 8 .00 63.00 3.00 3.00 255.00 154.00 
F . 0. . D . N.D. N. D. N.D. N.D. . D. . D . .D . N.D . 
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3250 325 3252 3253 3254 3255 3256 3257 3258 3509 
2010 2010 2010 2010 2010 2010 2010 2010 2010 2009 

Am~ Pyx 
tuH rhyolite mafi<= dyke 

grana-
rhyoli1e diorite rhyoli1e Bt-qrani le 

Otz~Kfs 

Qr<lni le diortte porphyry 
Smg Ssf Ssf Sda HMC Ssf HMC Ssf HMC Sq 

outcrop outcr·op outcrop outcrop outcrop outaop outcrop outcrop outaop outcrnp 
494805 494856 494862 49485-8 494859 494858 494872 494862 494723 489929 

5420195 5420217 5420208 5420204 5420188 5420212 54202 16 5420228 5420084 5423383 
Si02 75.60 76.40 77.60 49.30 64.80 65.60 61.00 77.90 75.00 76.40 
Al203 11.20 13.10 1 .10 15.50 14.70 16.80 16.50 1 .20 12.70 10.80 
Fe203 2.70 122 221 11.90 6.06 3.28 6.93 2.29 3.32 2.98 
K20 4.26 2.57 4.11 127 1.8-8 5.98 1.75 3.45 0.85 4.59 

a20 4.01 4.61 3.52 2.55 3.17 422 2.82 4.10 5.51 3.82 
MgO 0.07 0.68 0.08 5.92 2.03 023 3.26 0 .06 0.54 0.06 
MnO 0.06 0.05 0.04 020 0.12 0.07 0.11 0.02 0.03 0.05 
P205 0.04 0.54 0.13 0.14 023 0.04 0.02 
CaO 0.71 1.13 023 8.56 3.01 224 5.66 026 0.29 0.10 
Tr02 0.21 020 0.15 2.38 0.53 021 0.73 0 .16 025 0.18 
Ba 82.00 795.00 655 .00 302.00 443.00 2020.00 892.00 695 .00 1 2.00 3 .00 
LOI 0.60 0.80 0.50 1.80 2.90 1.00 2.10 0 .40 120 0.70 
ASI 0.90 1.05 1.04 0.73 1.16 0.96 0.9>8 1.02 1.21 0.94 
GafAI 3.26 1.36 2.58 1.71 1.31 2.92 1.55 2.54 1.69 4.16 
AJ 1.00 1.26 1.08 2.78 2.03 1.25 2.53 1.07 127 0.96 
Cl 89.18 74.72 157.82 69.11 93.60 1 8.80 187.08 105.60 100.28 175.97 

b 48.69 13.37 53.38 1 .87 3.85 71.92 9.66 52.30 4.88 66.77 
s 197.16 145.82 162.26 615.04 219.36 3924.63 235.70 138.86 124.65 136.31 
y 115.21 24.40 107.48 36.25 13.92 145.39 13.38 101 .88 26.49 153.52 
Zr 922.46 128.95 978.33 258.89 105.34 1252.97 178.26 974 .90 108.47 1390.42 
Bi 0.33 026 >47 026 0.35 
Cd 0.49 0.04 0.30 0.16 0 .05 0.66 0.06 0.19 0.13 0.37 
Co 0.44 1.92 1.06 40.23 12.92 2.77 20. 10 0.90 2.08 0.17 
Cr 18.00 16.00 15.00 141 .00 9.00 10.00 46.00 11.00 5.00 17.00 
Cs 0.83 1.00 0.83 3.51 1.48 1.30 2.139 0 .85 0.55 1.26 
Dy 23.32 4.43 21 .44 7.62 2.70 28.22 2.75 20.03 4.49 30.32 
Er 14.14 2.76 13.46 4.30 1.65 18.07 1.45 12.97 2.93 18.16 
Eu 1.96 0.91 0.96 2.62 0 .74 1.67 1.15 0 .83 0.71 2.41 
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3250 3251 3252 3253 3254 3255 3256 3257 3258 3509 
Ga 24.94 12.18 19.58 18 .09 13 .16 33.56 17.46 19.42 14.70 30.74 
Gd 21 .98 4.0~ 18.69 8 .04 2 .66 24.56 3.52 16.46 3.96 30.29 
Ho 4 .73 0.92 4.44 1.5() 0 .57 5.94 0 .51 4.19 0.98 6 .27 
In 0.19 0 .02 0.12 0 .08 0 .04 0.31 0 .04 0.0'9 0.05 0 .21 
La 102.95 34. 17 80.39 23 .46 10.43 109.37 41 .39 61.26 20.29 1 7.76 
Li 0.70 5.10 1.80 16 .40 12.40 2.70 16 .30 0.90 6.80 32.50 
Lu 1.94 0.43 1.89 0 .57 0 .24 2.57 0 .19 1.86 0.45 2.48 
Mo 1.33 0.45 1.88 1.08 0 .89 285 .00 0.43 1.53 1.20 3.18 
Nd 109.84 25.73 83.24 33.11 1 .12 111.33 29.61 67.41 17.90 136.97 

3.30 64.60 4.00 26.90 
Pb 33.40 1 .30 2 1.20 6 .30 8.50 69.20 13.60 20.60 26.40 25.60 
Pr 27.68 7.5.3 21 .46 7 .51 2 .69 29. 18 8 .53 17.41 4.71 33.54-
Rb 115 .1 4 74 .73 1 3.84 33.66 49.74 170.84 48.2 9 93.68 .39.84 197.14 
Sb 0 .18 0.20 0.27 0 .15 0 .32 0.39 0 .34 0 .52 0.26 0 .50 
Sc 1.10 3.80 1. 10 32.20 17.80 2.70 15.70 1.10 9.30 
Sm 23.24 4.96 19.13 7.83 2.~ 25.24 4.99 16 .1 3.93 30.91 
Sr 20.30 187.90 53.10 300.10 282.50 237.60 546.40 49 .00 1 8.00 14.69 
Ta 2.78 0 .97 3.33 0 .63 0.2~ 4.48 0.48 3.32 0.27 3.87 
1b 3.6 1 0.69 3.33 1.23 0.42 4.25 0.48 2.96 0.68 4.83 
TI 1078.00 1042.00 835.00 12990.00 284 .00 1465.00 3869.00 874.00 1379.00 1 31.00 

0 .64 0.51 0.72 0.28 0.46 1.12 0 .32 0 .62 0.22 0 .83 
Tm 2.04 0.43 2.00 0 .60 0.25 2.67 0.20 1.95 0.44 2.64 
u 6.21 4.37 8.55 1.24 1.14 15.42 2 .14 8 .87 1.27 8 .54 
w 0.90 0.86 0.56 0 .27 0 .60 0.86 1.00 1.10 1.27 1.29 
Yb 13.15 2.91 12.94 3.83 1.60 17.45 1.31 12.88 2.92 17.13 
Zn 154.00 19.00 54.00 93.00 83.00 31.00 77.00 30.00 78.00 190.00 
Be 5.50 2.20 4.60 1 .30 1.20 4.30 2.00 4.50 1.60 7.50 
Ce 198.00 49 .00 155.00 49.00 22.00 193.00 72.00 131.00 28.00 200 .00 
Cu 14 .00 13.00 293 .00 47 .00 4 56.00 4570.00 104 .00 24.00 3.00 3.00 
Hf 22.00 3.00 23.00 4 .00 27.00 22.00 2.00 28.00 

d 100.00 21.00 80.00 31 .00 1 .00 97.00 30.00 64.00 13.00 111 .00 
Sn 8 .00 4.00 3.00 5.00 15.00 3.00 13.00 
Th 2 1.00 14.00 27.00 4 .00 3.00 36.00 12.00 26.00 4.00 25.00 
v 6 .00 15.00 5.00 28{) .00 112.00 20.00 169 .00 7.00 16.00 8.00 
F .D. .D. N.D. N.D. N.D. N.D. .D . N.D. N.D. 400.00 
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3510 3511 3512 3513 351 4 3515 3516 3517 3518 3519 
2009 2009 2009 2009 2009 2009 2009 2009 2009 2009 

hyolite Am-Pyx Am-Pyx Am-Pyx Am-Pyx Am-Pyx Am-Pyx mafic dyke 
Am-Pyx 

gra te 
breccia qranite qrantle qranite qranite qranite q ranite qranite 

Ssf Sp Sp Smg Smg Smg Smg Sda Smg Smg 
outcrop outcrop outaop outcrop outcrop outcrop outcrop outcrop outao.p outcrop 
493615 5l5491 534980 542907 542799 542877 543854 544870 544821 541975 

5424780 5435534 544 51 8 5442681 5438277 543851 4 5440908 5442707 5442597 5448240 
Si02 80.30 76.60 76.80 74.10 75.30 76.40 77.20 53.40 76.50 76.70 
Al20 3 11.40 10.90 1 .00 12.50 11.00 10.70 11.10 16 .00 1 .00 11 .50 
Fe 203 1.6 1 2.82 3.11 2 .77 2.52 3.42 2.69 10.50 2.57 2.37 
K20 023 4.04 4.48 4 .05 4 .38 420 4.46 0 .93 4.37 4.42 

a20 6.29 4.14 4.25 4 .10 4 .36 4.52 4.35 4.35 4.30 4.47 
MgO 0.04 O.otl 0.05 0.38 0.07 0.05 0.13 420 0.10 0 .10 
MnO 0.0 1 0.04 0.04 0 .05 0.04 0.05 0.04 0.18 0.05 0.05 
P205 0.02 0 .03 0.02 0.11 0.02 0.03 0.0 1 0.34 0.02 0.03 
GaO 0.08 0.14 0.06 1.27 0.08 0.05 0 .17 7.06 0.25 0.32 
li0 2 0.09 0.12 0.12 0 .32 0 .14 0.12 0.16 1.94 0.17 0.16 
Ba 23.00 44.00 16.00 531 .00 1 4 .00 39.00 96.00 254.00 285 .00 283.00 
LOI 0.50 0.40 0.30 0 .50 0.50 0.40 0.40 0.80 0.40 0.60 
ASI 1.06 0.95 OJJ2 0 .93 0 .91 0.89 0.90 0.76 0.90 0.90 
GaiAJ 2.94 4.18 4_29 2.71 3.91 4.69 3.92 1.91 3.64 3.68 
AJ 1.08 0.97 0.93 1.12 0.92 0.89 0 .93 1.96 0.93 0.95 
Cl 1l5.4J 87.15 1S8.90 441.00 133.33 145 .6() 570.59 156.10 2 16.46 

b 35.79 45.94 57.34 25.20 57.40 33.89 56.08 623 67.80 143.94 
s 128.71 116.07 122.54 123.15 133.72 1 1.98 129.83 108.58 1 5.29 135.14 
y 55.95 77.90 69.42 79.95 73.28 87.69 125.84 33.35 1 8.89 289.57 
Zr 357.05 942.91 1355.29 527.S8 1057.32 794 .65 1 27.54 162.58 1227.87 1622.10 
Bi 0.38 0.46 0 .87 0 .38 0.52 0.37 0.16 0 .50 
Cd 0.06 0.14 0.36 0 .33 0.27 0_28 0.26 0 .17 029 0.41 
Co 027 024 0.30 324 0.43 0.28 0.47 32. 17 0.42 0 .65 
Cr 3 .00 10.00 8.00 12.00 10.00 5.00 10.00 21 .00 11.00 6.00 
Cs 0.13 0.52 1.55 2.33 2.14 1.18 2J38 2.23 2.19 5.43 
Dy 10.03 16. 16 13.93 16 .56 16.83 15.27 26.75 6 .89 24.92 55.22 
Er 7.51 12.39 10.30 10.71 13.15 11.61 17.75 4 .08 17.16 43.95 
Eu 0.04 1.24 0.96 1.95 1.29 0.89 2.52 1.92 2.69 3.3 1 
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3510 3511 3512 3513 3514 3515 3516 3517 3518 3519 
Ga 22.95 31.17 32.28 23.67 29.38 34.31 29.75 20 .88 27.35 28.92 
Gd 5.57 10 .54 8_72 13.89 9.72 8 .61 20.78 6 .65 20.48 30.39 
Ho 2..28 3.6-8 3.17 3.52 3.85 3.56 5_75 1_41 5.43 13.15 
In 0.06 0 .17 0.19 0.11 0 .16 0 .18 0 .16 0 .09 0.17 0 .13 
La 26.40 20.74 17.42 46.22 36.28 15.94 45.90 16.85 59.55 70.14 
li 0.90 4.60 92.30 13.50 68.90 1 1.30 77.90 24.70 50.50 77.60 
Lu 1.14 2.21 1.84 1.5-8 2.40 2.08 2 .63 0.55 2.78 5.74 
Mo 0.59 0 .24 0..40 2..27 3.83 0 .63 1..21 1.0<8 1.64 0 .65 

d 25.45 31.08 19.28 55.19 39 .50 18.29 67.09 24 .19 77.86 86.10 
i 1.60 12.80 

Pb 5.00 22.60 43.10 30.40 45.50 12.60 29.20 16.90 45.90 102J JO 
Pr 7.16 7..23 4.73 13.55 10.58 4.74 15.88 5_.46 18.73 21.43 
Rb 8 .69 191 .79 259.55 155.51 214 .3<8 282_48 20.3_46 31 .01 156.75 23()_9() 
Sb 0 .58 0 .14 0.78 0..24 0 .53 0 .46 0_77 0 .24 0.48 0 .83 
Sc 1.30 1.10 1.20 5.60 1.10 1.20 35.10 1.50 1.,60 
Sm 5.81 9.40 6.63 13.52 9.55 5.94 19 .30 6 .11 20.26 24 .16 
Sr 478 .80 477 .85 378 .74 9.92 106.96 6.10 22.99 3.38 1_70 1.54 
Ta 2.28 2 _9() 3.61 1.67 3_40 2..20 3.78 0 .31 4..28 11.72 
Tb 1.2<8 2.17 1.91 2.45 2.16 2.0 1 3_9() 1.06 3.66 6 .98 
Ti 547.00 725 .00 728.00 1983.00 949.00 777.00 902.00 12473.00 1049.00 1022.00 

0 .04 0 .97 0.94 0.96 1.05 1.00 1.02 0 .32 1..25 1..28 
Tm 1.18 2 .03 1.66 1.62 2.25 1.85 2.72 0 .58 2.68 6 .86 
u 4 . 17 5.84 6 .79 4..26 8 .06 4.36 8.69 0 .81 9.48 18.83 
w 1.13 0 .28 0.16 1.61 2 .32 0..49 0.67 1.14 0.81 3.73 
Yb 7.9-4 14.21 11.83 10.79 16.1 4 13.01 17.88 3.68 18.37 43.68 
Zll 13.00 167.00 266.00 101 .00 208.00 247.00 217.00 142.00 233.00 208.00 
Be 6.30 8 .60 7.20 4.20 8 .00 8..20 8.70 0 .60 8.80 15.10 
Ce 81.00 78.00 39.00 97.00 106.00 34.00 112.00 32.00 13<8.00 152.00 
Cu 14.00 1.00 2 .00 27.00 2.00 
Hf 10.00 20.00 30.00 9.00 25.00 21.00 32.00 3.00 29.00 38.00 
Nd 20.00 21.00 9.00 43.00 29.00 9.00 48.00 21.00 57.00 59.00 
Sn 6 .00 13.00 15.00 6.00 15.00 18.00 15.00 14.00 16.00 
Th 16.00 22.00 26.00 15.00 22.00 1 .00 26.00 2.00 36.00 49.00 
v 9.00 8 .00 8.00 27.00 10.00 9 .00 9.00 320.00 10.00 11.00 
F 500.00 900 .00 500.00 900.00 1100.00 1400.00 800.00 1200.00 1800.00 
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3520 352 3546 3547 3548 3549 3812 3813 3814 3815 
2009 2009 2009 2009 2009 2009 2010 2010 2010 2010 

hyolite 
grani c 

rhyolite rhyolite 
granitic 

tuff 
Am-Pyx Am-Pyx Am-Pyx 

rhyolite 
dyke dvke qranite Qranite qramte 

Ss Sdc Ssf Ssf Sdc Sst Smg Smg Smg Ssf 
out.aop outcrop outcrop outcrop outcrop outcrop outcrop ou'lcrzyp outcrop outcrop 
480208 48.3902 494 153 494153 494440 489091 494721 494661 494662 494494 

5414776 5408943 5410452 5410452 5410350 5427212 5420287 5420430 5420432 5410310 
Si02 74.50 72.60 77.70 75.20 75.50 76.20 76.20 78.10 77.80 76.00 
Al203 13.90 7.17 7.85 11. 10 10.70 10.80 11.50 1 .40 1 .40 13.30 
Fe203 2..22 9 .09 8.08 2.78 4.03 3.24 2.95 2.07 2.58 2.38 
K20 1.31 3.24 0.18 5.54 4.59 4.50 4.76 4.97 4.80 5.03 

a20 6.95 1.83 4.17 2.66 3.40 4.40 4.10 3.54 3.61 0.22 
MgO 0.15 0 .17 0.12 0.14 0.11 0.04 0.09 0 .03 0.04 0.91 
MnO 0.04 0 .32 0.02 0.0 1 0 .13 0 .06 0.06 0.02 0.03 
P205 0.03 0.~ 0.06 0.02 0.04 0 .04 0.01 0 .06 
cao 0.17 2.38 0.67 0.20 1.27 0.18 0.28 0 .03 0.13 0..29 
Tr02 0..20 0.27 0.26 0.13 0.26 0.18 0.26 0_20 0.20 0.37 
Ba 48.00 331.00 16.00 100.00 137.00 18.00 154.00 99.()0 100 .00 537.00 
LOI 0.60 2.30 0.40 0.80 0..20 0.70 0.40 0 .50 0.40 2.40 
ASI 1.06 0.66 0.95 1.03 0.83 0.87 0.93 1.01 1.00 2.10 
Gal AI 2.83 7.64 6 .77 3.57 4.71 4.60 3..21 3.34 3.02 2.77 
AJ 1.08 1.10 1.11 1.07 1.01 0.89 0.97 1.02 1.02 2.29 
Cl 56.35 80.44 132.09 130.23 101.55 87.98 86.90 1 9. 9 129.56 12<J.67 

b 38.62 372.30 563.38 5 .85 88.81 75.82 39.98 44 .03 40.76 63.25 
s 125.28 139.87 119.75 237.04 12<J.76 121 .52 119.64 116.29 130.50 1466.43 
y 78.96 815.32 827.38 85.95 113.43 157.09 63.63 83.'99 87.45 108.33 
b 684 .86 9012.33 8878.97 853.84 182 .72 1637.27 643.22 862.98 780.66 69-3 .36 
Bi 0.57 0.33 1.64 0 .36 0.-40 0 .63 0.42 0.27 
Cd 0.08 2.48 1.08 0.15 0 .38 0.36 0.11 0 .19 0.17 0..20 
Co 0.32 1.08 1.18 1.02 2.01 0.18 0.80 0.36 5.16 0.51 
Cr 14.00 8.00 15.00 1 .00 7.00 21.00 4.00 5.00 47.00 7.00 
Cs 0.30 0.66 0.11 0.80 0.62 1.89 0.45 0.67 4..24 0 .50 
Dy 15.26 110 .00 126.00 15.58 23.74 31.31 14.66 17.24 13.21 20. 12 
Er 8.39 75.40 87.60 11. 35 15.17 19.83 9.39 1 .86 8.47 13.24 
Eu 0.25 16.17 15.29 0.86 2;61 2.02 1.30 0.66 0.76 0.90 
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3520 352 1 3546 3547 3548 3549 3812 3813 3814 3815 
Ga 26.93 37.47 36.32 27.13 34.45 33.98 25.21 26.05 23.52 25.21 
Gd 18.51 106.00 123.00 11.67 20.42 26.83 11.63 9.35 11.28 11.82 
Ho 2.95 27.00 31.00 3.55 4.94 6.62 3 ;04 3.79 2.75 4.33 
In 0.09 0..21 0_27 0_29 0..29 0.22 0.18 0.16 OJl-9 0 .17 
La 164.66 569.71 685 .63 32.98 111.81 74.33 32.58 13.67 44.42 28.23 
li 1.80 1.70 1.50 2.10 3.60 6.50 11.30 1..20 1 .30 0 .80 
Lu 1.19 9.00 9.00 1.69 2.52 2.76 1.46 1.78 1.15 1.90 
Mo 0 .83 1.73 1.87 20.07 0.97 0.56 0 .81 128 10.1 529 
Nd 134 .95 605.17 76().00 38.70 109.37 98.47 45.81 17.68 49.35 32.10 

i 21 .50 
Pb 6 .40 57.90 15.20 18.20 19.60 49.70 10.00 27.90 31.1 0 24 .70 
Pr 37.04 156.93 19.8.94 9.64 29.58 23.83 11.37 4..28 12.85 8 .03 
Rb 36.83 258.21 5.50 171 .16 172.39 206.70 122.66 140.89 165.77 131 .44 
Sb 0 .40 0.52 0.17 0.07 0..26 0.82 0 .11 0..42 0..26 0 .49 
Sc 5 .30 1.40 1.70 1..20 3.90 1.30 
Sm 22.80 128.00 128 .00 10.50 22.84 25.52 1 .42 5.82 11.96 8.50 
Sr 64.93 3.47 2.03 6.42 392.00 311 .33 9.80 4.00 69.10 4 .00 
Ta 2 .01 22.35 33.62 2 .99 5.70 4.44 2 .22 2.8>8 4..20 2 .73 
Th 2 .63 21 .00 21.00 2.23 3.5,8 4.73 2 .15 2..26 2.00 2.71 
Tt 1191 .00 1497.00 15()7.00 790.00 1542.00 1059.00 1348.00 1209.00 2058.00 1082.00 

0 .18 0.63 0.04 0.79 0.80 0 .77 0 .42 0 .76 1.54 0 .72 
Tm 1..22 48.00 62.00 1.72 2.40 2.89 1.44 1.80 1..27 1.9>8 
u 3.86 39.20 54.05 8.40 10.28 9.45 4.30 5.89 9.56 520 
w 1.43 1.6-8 4.83 1.15 0.80 1.96 0 .50 o_a,s 0.75 0 .85 
Yb 7 .93 76.70 93.80 11.28 16.67 18.84 9 .57 11.98 8.33 12.69 
Zr1 37.00 491 .00 65.00 45.00 143.00 214.00 80.00 82.()0 62.00 86.00 
Be 2 .80 48.50 33.70 4.50 10.60 8.10 2.90 4.10 3.40 6 .40 
Ce 138.00 1170.00 1360.00 102.00 239 .00 175.00 110.00 58.00 79.00 111.00 
Cu 34.00 3.00 4.00 4.00 4.00 15.00 
Hf 12.00 149.00 1~.00 20.00 25.00 32.00 1 .00 14.00 14.00 19 .00 

d 103.00 464 .00 561 .00 35.00 80.00 74.00 45.00 17.00 31.00 56.00 
Sn 8 .00 58.00 39.00 11.00 7.00 13.00 4.00 2.00 3.00 9.00 
Th 15.00 122.00 154 .00 21.00 33.00 29.00 15.00 16.00 17.00 32.00 
v 10.00 11.00 8.00 11.00 10.00 8.00 6 .00 3.00 4.00 34 .00 
F 300.00 300.00 100.00 100.00 800.00 100.00 N .D. N.O. N.D. .D. 
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3889 3894 3895 3896 3897 3898 3899 3900 4327 433 
2009 2009 2009 2009 2009 2009 2009 2009 2010 2010 

rhyolrte 
Am-81 Am-Bt 

mafic dyke basalt basalt bacsal1 rilyolile 
Am-Bt gra ·le 

qranite qranile qranile 
Ss Sm Sm Sda Ssm Ssm Ssm Ss HMC Smg 

outcrop outcrop outcrop outcrop outcrop outorop outcrop outcrop outcrop outcrop 
494 155 494962 491262 488618 486803 486803 486761 491452 490693 496170 

5410450 5399593 5396951 5395757 5430909 5430909 5430906 5426491 5428754 5419328 
Si02 78.00 78.20 76.90 52.80 51 .40 53.30 51.60 77.10 70.20 77.10 
Al203 11.00 12.00 12.50 15.10 16.50 14.80 16.70 1 .40 9.09 1 .10 
Fe203 228 1.01 1.52 10.50 11.10 10.80 1 .20 1.94 10.60 2.73 
K20 3.67 4.85 4.85 2.00 0.58 0.11 0.80 6.71 2.65 4.98 

a20 3.96 4.02 3.82 4.14 3.88 0.11 5.17 2.08 0.15 3.44 
P\ gO 0.13 0.04 020 4.91 5.19 1.00 5.06 0 .07 0.62 0 .08 
MnO 0.01 0.03 020 0.16 0.16 0 .18 0.01 0 .04 
P205 0.02 0.02 0.03 0.41 0.49 0.36 0 .47 0 .02 0.11 
CaO 025 0.05 0.55 6.32 6.87 15.80 3.58 0.1)6 0.16 0 .30 
T.02 0.12 0.09 020 2.15 2.23 1.62 2.19 0.13 0.44 024 
Ba 69.00 123.00 369.00 304.00 782.00 53.00 618 .00 141 .00 2n.oo 646.00 
LOI 0.50 0.50 0.40 2.00 2.50 2.40 4.00 0.70 6.00 0 .50 
ASI 1.01 1.00 1.00 0.74 0.85 0.51 1.05 1.06 2.67 0 .96 
Gal AI 3.50 329 2.72 1.9'9 1.88 2.83 1.6.5 2.83 2.03 3.55 
AJ 1.05 1.01 1.08 1.68 2.35 49.33 1.78 1.07 2.92 1.00 
Cl 84.94 451 .99 155.87 345.21 116.54 144.78 96.48 120.72 65.44 112. 4 

b 43.35 48.04 32.17 15.00 14.75 10.18 14.60 52.36 10.25 51.70 
s 104.22 128.74 122.88 175.00 140.07 130.57 136.78 115.29 34834.91 26.6.57 
y 85.36 32.42 54.60 41.26 34.92 23.70 33.91 89.47 11.0 78.90 
b 749.48 21 1.45 182.53 206.85 648.11 511.33 625.05 701.84 173.24 979.04 
Bi 0.30 0.41 0 .19 0.78 
C<l 0.14 0.10 0.06 0 .71 0.15 021 0 .16 0 .13 0.04 0.16 
Co 0.35 0.37 1.36 35.02 35.23 5.28 39.41 0 .11 26.27 1.59 
Cr 16.00 16.00 9.00 99.00 54.00 44 .00 55.00 6 .00 41 .00 7.00 
Cs 0.56 1.54 224 1.06 0.80 0.15 1.90 0.90 4.00 0.85 
Oy 15.14 5.44 10.95 8.14 7.40 5.19 6.95 15.78 220 17.27 
Er 10.40 5.54 7.36 4.62 421 2.98 4.01 10.95 1.03 1 .43 
Eu 0.69 020 0.74 2.26 3.16 2.53 2.76 0.19 1.07 1.33 
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3889 3894 3895 3896 38i37 3898 3899 3900 4327 4331 
Ga 26.35 26.97 23.22 20.59 21.25 28.68 18.87 22.10 12.63 26.96 
Gd 11.59 1.99 8_23 8.47 7JJO 5.66 7.60 9.42 3.33 13.96 
Ho 3.35 1.46 2.37 1.63 1.49 1.05 1.41 3.51 0.39 3.65 
In 0 .15 0.07 0.06 0.15 0.08 0 .07 0 .08 0 .08 0.03 0 .16 
La 35.80 4.71 17.00 27.34 25.71 19.55 27.04 3.77 29.16 55.33 
li 1.70 1.60 18.00 36.00 15.00 9.60 20.40 1.80 13.20 2.50 

1.50 1.15 1.10 0 .60 0.57 0 .40 0 .54 1.55 0.14 1.75 
0 .68 2.74 2.48 2.51 1.01 0.62 0 .51 0 .63 1.11 2.74 

40.70 4.84 28.51 33.60 35.35 25.93 33.88 9 .41 25.54 62.29 
2.30 44.70 40.10 8 .60 39.30 23.10 

7.00 16.10 20.00 109.90 7.70 16.60 7.40 1 .30 6.30 10.30 
Pr 10.16 1.30 6.81 7.96 8.16 5.94 7.91 1.92 6 .81 15.68 
Rb 108.2ti 196.78 173.43 84 .66 6.71 1.95 19.33 233.93 117.89 140.30 
Sb O.Ofi 0.21 0.13 1.01 0.07 0 .12 0 .06 0 _26 1.44 0 .13 
Sc 2.40 30.80 31.40 22.40 30.40 4.10 1.20 
Sm 10.73 1.44 8.01 8.04 8.02 5.73 7_77 5.90 4.68 14.33 
Sr 239.70 0.14 7.67 17.48 42.19 136.42 52.01 60.38 7.80 10.70 
Ta 2.54 3.47 2_22 0 .87 0.81 0.58 0 .77 3.16 0.58 3.11 
Th 2 .18 0.58 1_58 1.31 ua 0.88 1.16 2.15 0.42 2.58 
Ti 703.00 525.00 1222.00 13081.00 13263.00 9529.00 12828.00 716.00 2426.00 1217.00 

0.49 0.95 0.87 0.49 0.04 0 .01 0 .11 1.31 0.94 0 .74 
Tm 1.54 1.01 1.14 0 .64 0_58 0 .41 0 .56 1.64 0.15 1.74 
u 6 .42 5.09 5.05 1.55 1.11 0 .89 0 .93 8.72 1.91 6 .59 
w 0 .36 1.68 0.46 3.90 0.26 0 .17 0.20 1.81 4.95 0.78 
Yb 10.12 7.52 7.63 4.03 3.77 2.68 3.65 10.76 0.92 1 .70 
Zll 30.00 37.00 52.00 260.00 111.00 22.00 12ti.OO 25.00 20.00 38.00 
Be 4 .70 4.30 4.80 1.70 1_50 0 .50 1.10 5.50 1.30 3.90 
Ce 74.00 21.00 65.00 49.00 55.00 37.00 55.00 17.00 61.00 1 0 .00 
Cu 12.00 94.00 43.00 4.00 19.00 1.00 57.00 36.00 
Hf 17.00 11.00 8.00 5.00 11.00 8.00 11.00 17.00 18.00 
Nd 30.00 3.00 20.00 28.00 28.00 22.00 27.00 4.00 26.00 51 .00 
Sn 8 .0() 13.00 3.00 4.00 1_00 2.00 8 .00 4.00 
Th 18.00 19.00 18.00 5.00 2.00 2.00 2 .00 23.00 7.00 20.00 
v 12.00 9.00 15.00 255.00 244 .00 240.00 187.00 17.00 48.00 5.00 
F .0. 100.00 400.00 1000.00 400.00 300.00 500.00 100.00 .0. N.D. 
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4332 4333 4334 4339 4340 434 4342 4343 4344 4345 
2010 2010 2010 2010 2010 2010 2010 2010 2010 2010 

rhyoli1e rhyolrte 
Ksp Am-Pyx Am-Pyx Am-Pyx 

Bt-9ranite 
P&g a lite gra l jc 

rhyolrte 
porp vrv porphyry porphyry porphyry Vein dyke 

Ss Ssf Ssm Smg Smg Sp Sm Sdc Sdc Ss 
ou1orop outcrop outaop ou1aop outcrop outcrop ou1crop outcrop outcrop outcrop 
49929() 499898 499097 4964 13 497672 486846 487587 486300 486311 486437 

5414534 5414185 5416725 5420024 5419403 5413219 5413328 5408745 5408745 5408654 
Si02 75.10 78.70 65.10 75.80 74.90 76.90 74 .30 83.50 76.30 80.50 
AJ203 1 .70 10.90 14.00 12.10 11.80 11.30 13.40 3.50 9.02 1 .50 
Fe203 1.16 0.78 5.16 4.78 3.08 1.74 1.60 5.07 6.60 1.48 
K20 2.62 3.76 4.10 4.0(1 4 .86 4.38 5.24 0.40 4.40 4.28 

a20 4.33 1.36 4.47 0.31 4.01 4.04 4.02 0.40 3.67 0 .44 
MgO 026 0.29 1.61 0.32 0.15 0.04 026 0 .18 0.04 024 
I\ . no 0.17 0 .03 0.11 0.02 0.07 0.04 0.01 023 0.05 
P205 0.30 0.02 0.03 0.03 0 .04 0.02 
CaO 2.32 0.12 1.85 0.05 0.34 0.06 0.49 3.77 0.14 0.06 
Tr02 0.08 0.14 0 .96 0.27 0 .31 0.(}9 0 .31 0 .19 0.15 0.12 
Ba 689.00 934 .00 683.00 67.00 234.00 45.00 432.00 53.00 33.00 261 .00 
LOI 2.50 3.30 1.70 3_20 0.30 0.50 0.60 2.40 0.30 1.9() 
ASI 0 .83 1.67 0.95 2.45 0.95 0.98 1.02 0.44 0.82 2.10 
Ga!AJ 1.85 2.04 1.92 3 .40 3.05 3.64 2.29 7.35 520 2.48 
AJ 1.17 1.73 1.19 2.50 1.00 0.99 1.09 321 0.84 2.15 
Cl 81.41 85.69 220.89 28.76 125.70 274 .82 176.31 121 .69 149.10 109.82 

b 15.42 12.63 16.14 52.21 34.29 56.10 27.64 394.97 31.38 39.17 
s 219.50 146.24 125.07 136.23 135.52 127.78 156.92 157.65 118.41 3217.76 
y 43.02 15.98 48.40 111.20 50.81 41.69 52.76 1812.64 32.60 58.70 
Zr 143.48 105.20 490.24 980 .85 607.12 348.29 286 .93 6202.24 737.07 395.17 
Bi 0.-44 0 .18 0 .23 0.33 025 1.27 0.16 0.59 
Cd 0.10 0.03 020 0.32 0.18 0.13 0 .07 3.32 0_20 0 .19 
C-o 0.81 0 .31 8 .82 1.34 1.07 0.48 2.02 0.95 0.46 0 .81 
Cr 10.00 6.00 11.00 5.00 9.00 4.00 6 .00 7.00 6.00 15.00 
Cs 0.95 1.26 0.17 1.09 0.56 1.14 0.69 022 0.38 1.38 
Dy 7.91 1.98 8 .67 18.48 10.21 11.28 9 .84 354.00 6 .45 10.21 
Er 5.17 1.50 5.00 11.97 7.57 8.68 6 .14 167.00 5.81 6 .85 
Eu 0.84 0.30 2.38 1.23 0.97 0.55 1.00 36.50 0.55 0.17 
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43.32 43.33 4 3.34 43.39 4340 4341 4342 4343 4344 4345 
Ga 13.19 15.18 18.37 28. 14 24.61 28.16 20.97 17.60 32.08 19.50 
Gd 6.72 1.53 8 .60 13.22 7.38 6.34 9.15 301 .00 422 6 .91 
Ho 1.65 0.44 1.73 3.9'9 2..28 2.52 1.98 64 .00 1.59 2.17 
In 0.03 0.03 0.08 0..21 0.17 0.14 0.04 0.12 0..27 0 .06 
La 28.63 8.42 42.56 78.37 27.37 15.38 74.05 13.80.00 41.64 16.46 
Li 5.90 4.10 4.30 18.10 5.40 35.40 1.30 4.40 7.10 1.80 
Lu 0.83 0..29 0.73 1.67 1..28 1.69 0 .93 9.00 1.54 1.04 
Mo 1.00 0.56 1.16 1.16 0.67 0.98 1..24 0.36 2.61 0 .·65 
Nd 28.90 7.63 42.87 69.14 33.64 19.39 60.58 1400.00 27.79 19.25 

j 5.30 2.70 
Pb 7.00 7.70 6.20 45.30 12.20 23.00 12.00 96.60 10.40 57.00 
Pr 7.49 2.11 11.10 18.69 8.47 5.00 17.38 350.00 7.77 4.95 
Rb 68.16 104 .06 89.03 81 .07 113.78 204.94 187.93 19.78 182.13 166 .10 
Sb 0.55 1.11 0.37 0.32 0.05 0.25 0.06 0.67 0.10 0 .19 
Sc 3.40 2.30 12.60 1.30 2.40 3.70 1.40 1.30 
Sm 6.71 1.72 9.18 13.02 1.68 5.73 11.40 86.00 4.99 5.70 
Sr 51.90 59.00 60.50 21.90 14.10 5.00 59.20 276 .10 3.90 59.50 
Ta 1.03 0.97 0.89 3.05 1.86 3.73 1.90 44.28 1.64 2.64 
Tb 1.1 8 0..29 1.38 2.60 1.42 1.45 1.51 50.00 0.83 1.43 
Ti 459.00 752.00 5568.00 1443.00 1610.00 522.00 1646.00 1033.00 813.00 709.00 
Tl 0.40 0.67 0.63 0.81 0.5·5 0.78 1.00 0.12 0.80 1.34 
Tm 0.81 0..25 0.74 1.77 1.18 1.49 0.94 55.00 1.07 1.09 
u 3.97 4.36 3.34 6..22 3.92 5.92 6..22 50.13 2.12 6 .07 
w 4.04 0.98 1.00 1.12 0.42 1..28 1.19 8 .84 0.64 0 .61 
Yb 5.52 1.80 4.78 11.4 8.07 10.94 6.35 145.00 8.42 7.29 
Zn 51.00 46.00 117.00 205.00 99.00 135.00 12.00 542.00 122.00 63.00 
Be 1.70 1.70 1.80 4..20 3.10 7.50 4.80 50.30 5.80 3..20 
Ce 50.00 21.00 83.00 158.00 82.00 56.00 1 5 .00 2750.00 82.00 40.00 
Cu 3.00 1.00 3.00 13.00 1.00 1.00 3.00 4 .00 
Hf 5.00 2.00 7.00 20.00 9.00 11.00 9.00 108.00 14.00 12.00 

d 27.00 9.00 42.00 74.00 32.00 19.00 52.00 1400.00 29.00 21 .00 
Sn 2.00 4.00 4.00 2.00 5.00 4 .00 86.00 15.00 1.00 
Th 12.00 12.00 10.00 21 .00 13.00 22.00 28.00 265 .00 10.00 19.00 
v 2.00 2.00 70.00 8.00 7.00 2.00 9.00 6.00 6.00 11.00 
F N.D. N.D. N.D. N.D. N.D. N.D. N.D. . D. N.D . N.D. 


















