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THE STAFFORD MEMBER FROM THE ARUNTA REGION, AUSTRALIA 

RUNNING TITLE: THE BEHAVIOUR OF METAMORPHIC APATITE 

ABSTRACT 

The chemical behaviour of metamorphic apatite was investigated in a quasi-unchanging 
rock composition to gain insight into the stability of apatite and distribution of heat 
production in the continental crust.  Samples of two rock types were collected from the 
Stafford Member: metapelites and metapsammites, that record calculated metamorphic 
conditions from mid-amphibolite facies (~ 2.1 kbar, 590 °C) to granulite facies (~ 3.9 
kbar, 800 °C) conditions.  The chemical compositions, petrographic relationships and 
abundances of accessory phosphate minerals were investigated as a function of 
metamorphic grade, with a focus on the relationship between apatite and monazite, both 
of which increase in abundance with metamorphic grade.  At mid-amphibolite facies 
metamorphic conditions, apatite growth is driven by the partial consumption of 
accessory xenotime and complete consumption of low-grade allanite and detrital apatite 
(Reaction 4).  At upper-amphibolite facies conditions, apatite growth is driven by the 
partial breakdown of xenotime and plagioclase (Reaction 5).  Additionally, apatite was 
found to be intimately linked with the breakdown of biotite and muscovite micas at all 
metamorphic conditions (Fig.  3 & 5), as they supply the F, Cl and OH component 
required for apatite growth.  Granulite facies monazite growth is facilitated by the 
dissolution of apatite (Fig.  9) and the breakdown of xenotime (Reaction 2).  However, 
as the major reservoir for P2O5 in the samples, the stability and high abundance of 
apatite at granulite facies conditions (Figures 10, 5e, 5f, 3c, 3d) is enhanced by the 
enrichment of P2O5 in residual samples (Table 2).  Furthermore, during partial melting, 
heat producing elements U + Th preferentially remain in monazite relative to apatite and 
the melt, therefore the melt and apatite is relatively depleted in HPEs.  Consequently, 
melt loss of HPE depleted segregates could enrich HPEs in the residual, partially melted 
monazite bearing rocks of the Stafford Member. 
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INTRODUCTION 

Apatite [(Ca,Y,REE,Th,U)5(PO4)3(F,Cl,OH)] is an abundant accessory phosphate 

mineral found in metamorphic rocks of all grades and most compositions (Spear and 

Pyle, 2002).  Apatite and other common accessory minerals such as monazite, xenotime 

and zircon typically contain 80 to 90% of total rock rare earth elements (REEs), 

uranium, thorium and yttrium (Bea and Montero, 1999; Rubatto et al., 2006). In 

addition, apatite typically incorporates a significant amount of F and Cl in its crystal 

structure (Marks et al., 2012).  U and Th are commonly and widely used for 

geochronology and are two of the major radiogenic heat producing elements in Earth’s 

crust (Korenaga, 2011) and halogens F and Cl are key complexing agents for ore 

genesis (e.g.  Aiuppa et al., 2009; Mathez and Webster, 2005).  Therefore, apatite and 

other U–Th–bearing accessory minerals are essential to quantifying the timing of 

tectonic events, the vertical distribution of crustal heat production and the distribution of 

REEs, F and Cl with metamorphic grade.  Quantification of these characteristics 

requires knowledge of how common accessory minerals distribute Y + REE + Th + U + 

F + Cl as a function of depth, temperature (i.e.  metamorphic grade) and rock 

composition.  To that end, apatite and other accessory minerals have been studied 

extensively in numerous metamorphic systems to develop a better understanding of 

their parageneses and textural relationships (e.g.  Bea and Montero, 1999; Gasser et al., 

2012; Kim et al., 2009; Kohn and Malloy, 2004; Spear, 2010; White et al., 2003).  

However, studies focused on the compositional variation of apatite through changing 

metamorphic grade are few; even fewer are studies that investigate apatite composition 

in a single quasi-unchanging rock composition (Spear and Pyle, 2002).  Variable rock 

composition across metamorphic grade has the potential to mask changes to the solid 
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solution composition of accessory minerals as a function of metamorphic grade, 

particularly if the changes are subtle.  For this reason, studying the changes to apatite 

composition within a quasi-unchanging rock composition is ideal.   

Mount Stafford, Australia, is a rare location that preserves metamorphosed 

metasediments of quasi-unchanging composition (Greenfield et al., 1996) and is thus 

suited for investigating the impact of metamorphism on the composition of apatite and 

other accessory minerals.  The region outcrops a low-pressure, high-temperature 

sequence of metasediments—the Stafford Member—that transitions from mid-

amphibolite to granulite facies metamorphic grade over a horizontal distance of ~10km 

(Rubatto et al., 2006).  More importantly, the Stafford Member is characterised as a 

metamorphosed sequence of interbedded pelites and psammites that occurs through and 

defines the entire metamorphosed zone (Claoue´-Long et al., 2008).  In the context of 

investigating the chemical changes that occur to accessory minerals, this is useful in two 

ways: 1) the protolith composition in the granulite facies zone is effectually identical to 

the protolith composition of the mid-amphibolite facies zone (Greenfield et al., 1996) 

and 2) the interbedded nature of the protolith provides two different compositions to 

study (see Table 2).   

The goal of this project is to quantify the abundance and composition of apatite 

in the Stafford Member samples of varying peak metamorphic grade, in order to 

constrain the reaction relationships and thus the metamorphic response of apatite in the 

context of other accessory minerals such as monazite and xenotime. Mineral 

composition data will be collected by means of MLA, EPMA and LA–ICP–MS 

analysis. Ultimately, the outcomes of this project are several apatite and monazite 
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involving mineral reactions, implications for the distribution of crustal heat production 

and implications for the overall stability of apatite in the continental crust.   

Figure 1: Location map of Mount Stafford.  (a) Map of the 
Anmatjira–Reynolds Range Region illustrating the location of 
Mount Stafford at the NW end of the Anmatjira Range and an 
inset of the Anmatjira–Reynolds Range Region in Australia –
adapted from Anderson et al.  (2013).  (b) Metamorphic map 
depicting the three zones of metamorphism, the granitic 
intrusions and study sample locations of the Mount Stafford area 
– adapted from Greenfield et al.  (1996). 

10km 

20km  
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GEOLOGICAL SETTING 

Mount Stafford is located at the NW end of the Anmatjira–Reynolds Range in the 

Arunta region of central Australia (Fig.  1).  This region comprises outcrop of the oldest 

sedimentary sequence in the Arunta Inlier: The Lander Formation (Scrimgeour, 2013), 

which is separated from the overlying Reynolds Range Group by an unconformity 

(Greenfield et al., 1996; Vry et al., 1996, Stewart et al., 1984).  The Lander Formation 

has a maximum deposition age of c.  1868 Ma (Claoué-Long et al., 2008) and was 

intruded by granitic and mafic rocks during the c.  1810–1790 Ma Stafford and c.  

1790–1770 Ma Yambah events (Howlett et al., 2015).  Mount Stafford comprises 

outcrop of three major rock types: metamorphosed interbedded psammites and pelites, 

granitic intrusions and mafic amphibolites and granulites, primarily consisting of the 

former, named the Stafford Member (Greenfield et al., 1996).  The Stafford Member is 

considered part of the Lander Formation due to similar ages of detrital zircons, with a 

maximum deposition age of c.  1858 Ma (Claoué-Long et al., 2008).  Large intrusive 

bodies to the north and east of the Stafford Member are respectively named northern 

and eastern Stafford Granites (Greenfield et al., 1998; 1996) with crystallisation ages of 

c.  1805–1802 Ma (Rubatto et al., 2006).   

 

The metamorphic sequence at Mount Stafford increases from mid-amphibolite facies (~ 

2.1 kbar, 590 °C) to granulite facies (~ 3.9 kbar, 800 °C) over approximately 10 km 

from the SW to NE of the region (White et al., 2003).  Such a thermal gradient (~75 °C 

per vertical kilometre) is characteristic of a high metamorphic gradient where 

temperature is the dominant control (Wang et al., 2014).  This notion coupled with the 

estimated ages of the Stafford Granite suggests that a contact metamorphic aureole 
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formed during the Stafford event because of the intruding Stafford Granites and 

therefore is proposed to be responsible for local metamorphism of the Stafford Member 

(Howlett et al., 2015; Hand and Buick, 2001; Vernon et al., 1990).  Heating during this 

event was argued to have occurred relatively quickly (in less than 20 m.y.) because the 

ages between peak metamorphism in sub-solidus and supra-solidus rocks are 

indistinguishable within uncertainty (Rubatto et al., 2006).  Because the exposed beds 

show mid-amphibolite through to granulite facies metamorphism there are also 

concomitant variations in the metamorphic mineral assemblages through metamorphic 

grade (Table 1).  However, the protolith itself was proposed to be compositionally 

homogeneous across the study area (Greenfield et al., 1996).  Consequently, the 

Stafford Member is ideal for the purposes of this project. 
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ANALYTICAL METHODS 

Samples and Petrography 

Twelve representative samples from Mount Stafford (Fig.  1b) were selected from a 

larger sample set for an equal contribution (six each) of metapelite and metapsammite 

from mid-amphibolite, upper-amphibolite and granulite facies conditions.  Thin sections 

were prepared by Adelaide Petrographics and Continental Instruments (India) for each 

sample, then carbon coated at Adelaide Microscopy in preparation for imaging with a 

scanning electron microscope and mineral analyses with an electron microprobe.  A 

Nikon optical microscope was used for petrographic analyses. Full methods detailed in 

Appendix A. 

Whole Rock Geochemistry (WRG) 

The whole-rock geochemistry for each sample was obtained from Franklin and Marshall 

College in Pennsylvania, USA.  Samples were powdered then elements were analysed 

by fusing a 0.4 g portion of the powdered sample with lithium tetraborate for analysis 

by X-Ray Fluorescence following methods of Boyd and Mertzman (1987). 

Mineral Liberation Analysis (MLA) 

Back scattered electron (BSE) image maps and mineral liberation analysis (MLA) maps 

(Appendix D) of each polished thin section were acquired using a FEI Quanta 600 

scanning electron microscope at Adelaide Microscopy.  BSE maps were acquired for 

reference in petrography, LA–ICP–MS and EPMA.  BSE and MLA maps show the 

location of accessory minerals and were used to estimate their abundance in thin 

section. Full methods detailed in Appendix A. 
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Electron Probe Micro-analysis (EPMA) 

Major element data was collected using electron probe microanalysis (EPMA) on 

monazite, apatite, Fe–Ti oxides and silicate minerals in each sample using a Cameca 

SXFive electron microprobe with an accelerating voltage of 15 kV and beam current of 

20 nA.  Elements that were measured for apatite and monazite include: Ca, Mg, Ti, Si, 

Al, Fe, Mn, Cl, F, La, Ce, Nd, K, P, Na, S, As, Sr and Y (+ U and Th in monazite).  

Elements measured for silicates and Fe–Ti oxides were: Ca, Mg, Ti, Si, Al, Fe, Mn, Cr, 

Cl, F, K, P, Na, Ba, V, Zn, Zr and Sr.  Xenotime, thought present in the samples were 

not analysed by EPMA due to time limitations.  Data calibration and reduction was 

carried out in Probe for EPMA, distributed by Probe Software Inc.  Poor and 

contaminated analyses were found and removed from the dataset by using cation 

calculation spreadsheets and monitoring K, Mg, Al and Si concentrations for apatite and 

monazite. Full methods detailed in Appendix A. 

LA–ICP–MS, Trace Element Chemistry and U–Pb Geochronology 

Laser Ablation–Inductively Coupled Plasma–Mass Spectrometry (LA–ICP–MS) 

isotopic and trace element analyses were undertaken on apatite, monazite, Fe–Ti oxides 

and various silicate minerals using an ASI M-50-LR 193 nm excimer laser in a He 

ablation atmosphere coupled to an Agilent 7700cx ICP–MS.  Isotopes measured for 

geochronology were 202Hg, 204Pb, 206Pb, 207Pb, 208Pb, 232Th and 238U.  Trace element 

isotopes measured concurrently with the geochronology isotopes were 29Si, 31P, 43Ca, 

89Y, 90Zr, 139La, 140Ce, 141Pr, 146Nd, 147Sm, 153Eu, 157Gd, 159Tb, 163Dy, 165Ho, 166Er, 

169Tm, 172Yb and 175Lu.  Each analysis was pre-ablated with five laser pulses to remove 

any surface contamination.  Apatite was ablated for 40 seconds after a hold time of 30 

seconds using a spot size of 13 microns and fluence of 2.0 J/cm2.  Monazite was ablated 
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for 30 seconds after a hold time of 30 seconds using a spot size of 13 microns and 

fluence of 2.0 J/cm2.  Silicate minerals and Fe–Ti oxides were ablated for 50 seconds 

after a hold time of 30 seconds, using a spot size of 29 microns and fluence of 3.5 J/cm2.   

Data reduction for both trace elements and geochronology was carried out by utilizing 

the Iolite software package (v3.31) (Paton et al., 2011).  Instrument drift was corrected 

by standard–sample bracketing every 15 (monazite) to 20 (silicate and apatite) analyses.  

Element fractionation bias was corrected by calibration performed on certified synthetic 

and natural mineral standards from Astimex Ltd and P&H Associates, specifically 

MAdel standard for monazite.  Geochronology calibration accuracy was determined on 

monazite using internal Ambat and 94-222/Bruna-NW standards.  NIST610 and 

NIST612 glass were used as a standard for the trace element composition of monazite, 

apatite and silicates.  Age data were plotted using Isoplot 3.75 (Ludwig, 2012). Trace 

element concentrations for each mineral analysis were measured and tabulated in parts 

per million (ppm) by using major element data from electron probe microanalyses as an 

internal standard.  Full methods detailed in Appendix A. 
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RESULTS & OBSERVATIONS 

Samples and Petrography 

All twelve samples of the Stafford Member (Fig.  1b) have unique mineralogical and 

microstructural characteristics that are linked directly to the protolith composition and 

the P–T conditions at which metamorphism was recorded.  Grain size is the major 

difference between the metapelite and metapsammite samples, which are distinguished 

based on the whole rock SiO2 - Al2O3 ratio.  Whereas the abundance of k-feldspar and 

the presence of plagioclase are the major variances between mid-amphibolite and 

granulite facies samples.  The metamorphic grade of each sample was determined based 

on P–T values calculated from a study by White et al (2003) by using a projection line 

on Figure 1b. 

 
 

Sample Number Mineralogy (relative abundance) 
                       Highest to Lowest 

Unit Metamorphic Grade* 

ST16-31J bi–q–and–mu–ilm Pelite Mid-amphibolite  

STF-33P mu–bi–q–ksp–mt Pelite Mid-amphibolite  

STF-02B ksp–bi–and–q–mu–ilm Pelite Upper-amphibolite  

STF-16A ksp–cd–bi–q–and–sill–ilm Pelite Upper-amphibolite  

ST16-09 ksp–sill–cd–bi–pl–q–ilm ± saph Pelite Granulite  

ST16-19A ksp–cd–sill–bi–q–pl–ilm Pelite Granulite  

     

ST16-31A q–bi–ksp–mu Psammite Mid-amphibolite  

STF-33 q–bi–mu–ilm Psammite Mid-amphibolite  

STF-04A q–mu–bi–ksp–ilm Psammite Upper-amphibolite  

STF-10B q–ksp–cd–pl–bi–sill–ilm Psammite Upper-amphibolite  

ST16-03C q–ksp–bi–pl–sill–ilm ± and^ Psammite Granulite  

STF-26A ksp–cd–bi–sp–g–q–ilm Psammite Granulite  

In
cr

ea
sin

g 
M

et
am

or
ph

ic
 

G
ra

de
 

In
cr

ea
si

ng
 

M
et

am
or

ph
ic

 
G

ra
de

 

Table 1: Primary mineralogy and inferred peak metamorphic grade of all Stafford Member samples.  *Peak 
metamorphic grade inferred from P–T values calculated by White et al.  (2003) and preserved mineralogy (presented 
below).  ^Andalusite highly fractured and rare.  Mineral abbreviations as per Holland & Powell (2011). 
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METAPELITES 

Sample ST16-31J 

Sample ST16-31J is very fine-grained, comprised of co-dominant quartz and biotite, 

sub-dominant muscovite, and very large poikiloblasts of andalusite (Fig.  2a).  Biotite 

and muscovite are generally fine-grained and define a strong fabric, but when in direct 

contact with the margins of andalusite are coarser-grained and un-oriented.  Inclusions 

contained within andalusite are predominantly very fine-grained quartz.  Apatite is quite 

scarce in this sample and is only found as tiny (<10 µm) inclusions in porphyroblastic 

andalusite. Monazite is quite abundant in this sample commonly as inclusions in 

poikiloblastic andalusite.  Ilmenite is present in low abundance and occurs together with 

coarse biotite on the edges of andalusite porphyroblasts. 

 

 

Figure 2: Representative petrographic photomicrographs of the metapelite thin sections (PPL). Scalebar is 250µm in all 
photomicrographs.  Preserved mineralogy detailed in Table. 1. (a) ST16-31J.  (b) STF-33P.  (c) STF-02B.  (d) STF-16A.  (e) 
ST16-09.  (f) ST16-19A.   
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Sample STF-33P 

Sample STF-33P is very fine-grained, comprised of dominant muscovite and biotite, 

sub-dominant quartz with large porphyroblasts of k-feldspar (Fig.  2b).  Fine-grained 

biotite and muscovite comprise ~80% of the rock and define a strong fabric.  The k-

feldspar is uncharacteristically poikiloblastic with minor inclusions of quartz and 

magnetite.  Apatite is virtually non-existent in this sample with very few (<5 µm) 

inclusions in k-feldspar (too small to analyse by LA–ICP–MS).  Monazite is relatively 

scarce in this sample. This is the only sample in the set that contains magnetite rather 

than ilmenite, commonly observed as euhedral, rectangular shaped grains. 

Sample STF-02B 

Sample STF-02B is fine-grained with co-dominant k-feldspar and biotite, sub-dominant 

quartz and accessory muscovite and andalusite (Fig.  2c).  There is a lack of observable 

fabric in this sample as the micas are un-oriented.  K-feldspar is present as both 

microcline and anorthoclase.  Andalusite is present as skeletal poikiloblasts with 

abundant quartz inclusions.  Muscovite is mantled by biotite grains.  Apatite is more 

abundant in this sample and commonly occurs in contact with biotite and muscovite.  

Monazite is quite scarce and often located in the proximity of fractured andalusite. 

Ilmenite is common in this sample, but very fine-grained and is commonly in contact 

with k-feldspar or andalusite. 
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Sample STF-16A 

Sample STF-16A is fine to medium-grained, comprised of dominant k-feldspar, sub-

dominant biotite and cordierite and accessory sillimanite and andalusite (Fig.  2d).  No 

fabric is observed.  Andalusite poikiloblasts are mantled by fine-grained, acicular 

sillimanite and the cordierite and k-feldspar matrix.  Accessory apatite is relatively 

abundant in this sample, commonly surrounded by and in direct contact with biotite. 

Monazite is scarce and commonly occurs in proximity to sillimanite-andalusite 

complexes.  Ilmenite occurs as coarse-grained inclusions in biotite.   

Figure 3: Photomicrographs of key petrographic relationships between accessory apatite and other minerals in 
metapelite samples. Scalebar is 50µm in all photomicrographs. Photomicrographs for ST16-31J and STF-33P are not 
presented as apatite within these samples were not analysed due to their size of <5 µm.  In these photomicrographs, apatite 
is in contact with biotite or muscovite in all four samples.  (a) STF-02B.  (b) STF-16A.  (c) ST16-09.  (d) ST16-19A.   
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Sample ST16-09 

Sample ST16-09 is fine-grained and comprised of dominant k-feldspar, sub-dominant 

cordierite and biotite, accessory sillimanite, plagioclase and quartz and trace sapphirine 

(Fig.  2e).  Sapphirine occurs rarely in between k-feldspar or sillimanite grains.  Lens-

shaped, optically continuous sillimanite and k-feldspar occur throughout the sample.  

Plagioclase occurs in the centre of quartz grains throughout the sample and is identified 

by its characteristic simple twinning.  Apatite abundance is far higher in this sample 

than in the lower grade samples and commonly occurs within the optically continuous 

sillimanite and k-feldspar zones. Monazite is abundant in this sample and commonly 

occurs on the grain boundaries of apatite. Ilmenite is relatively abundant as euhedral, 

rectangle shaped grains. 

Sample ST16-19A 

Sample ST16-19A is coarse-grained and dominated by k-feldspar with sub-dominant 

cordierite and biotite and accessory sillimanite, plagioclase and quartz (Fig.  2f).  There 

is no observable fabric in this sample.  Quartz and plagioclase are more abundant in this 

sample than ST16-09.  This sample contains the highest abundance of apatite of all 

metapelitic samples.  Diamond shaped grains of apatite are commonly observed in 

contact with plagioclase or between k-feldspar crystals. Monazite is abundant and tiny 

grains are commonly observed on apatite grain boundaries. Ilmenite is relatively 

abundant in this sample, commonly occurring in contact with biotite or between k-

feldspar. 
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METAPSAMMITES 

Sample ST16-31A 

Sample ST16-31A is fine-grained and is comprised of dominant quartz and sub-

dominant matrix biotite, coarse k-feldspar and trace matrix muscovite (Fig.  4a).  Biotite 

and muscovite define a weak to moderately strong fabric.  Apatite is more abundant 

than in the metapelite equivalent (ST16-31J) and commonly occurs in contact with 

muscovite.  Monazite is very scarce and only forms as tiny inclusions within k-feldspar. 

There are no visible occurrences of Fe–Ti oxides. 

Sample STF-33 

Sample STF-33 is fine-grained and is comprised of dominant quartz and sub-dominant 

biotite and muscovite (Fig.  4b).  Biotite and muscovite define a moderately strong 

foliation.  Apatite is far more abundant than in the metapelite equivalent (STF-33P) and 

Figure 4: Representative petrographic photomicrographs of the metapsammite thin sections (PPL). Scalebar is 250µm in 
all photomicrographs sections.  Descriptions of each sample given below.  Preserved mineralogy detailed in Table. 1. (a) ST16-
31A.  (b) STF-33 (c) STF-04A (d) STF-10B (e) ST16-03C (f) STF-26A 



Thomas W Baggs 
The Behaviour of Metamorphic Apatite 

 

15 
 

occurs as diamond-shaped crystals in contact with muscovite. Monazite is scarce, 

commonly occurring in contact with biotite.  Ilmenite occurs predominantly within the 

matrix, commonly aligned with the foliation.   

Sample STF-04A 

Sample STF-04A is a medium-grained psammite comprised of dominant quartz and 

sub-dominant k-feldspar, matrix biotite and muscovite (Fig.  4c).  Biotite and muscovite 

define a moderate foliation in the sample, and biotite seems to be partially replacing 

muscovite.  Apatite is quite abundant and is significantly coarser in upper-amphibolite 

samples. Apatite commonly occurs within or in contact with muscovite and/or biotite.  

Monazite is scarce and commonly occurring in contact with biotite. Ilmenite is aligned 

with the foliation of the matrix.  

Sample STF-10B 

Sample STF-10B is medium-grained and is comprised of dominant quartz, sub-

dominant k-feldspar and cordierite and accessory biotite, plagioclase and sillimanite 

(Fig.  4d).  There is no preferential orientation of biotite.  Apatite is relatively coarse-

grained, many grains are occurring in contact with biotite, some are surrounded by rims 

of plagioclase and some occur rarely as small inclusions in coarse-grained k-feldspar.  

Monazite is relatively abundant and is commonly in contact with apatite or sillimanite. 

Ilmenite is relatively coarser-grained and occurs randomly scattered throughout the 

sample. 
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Figure 5: Metapsammite Photomicrographs of key petrographic relationships between accessory apatite and 
other minerals. Scalebar is 50µm in all photomicrographs.  Biotite and/or muscovite are in contact with apatite 
crystals in all photomicrographs.  The transition from amphibolite to granulite facies represents a significant increase 
in apatite grain size to very-coarse >150 µm apatites.  (a) ST16-31A.  (b) STF-33.  (c) STF-04A.  (d) STF-10B.  (e) 
ST16-03C.  (f) STF-26A.   



Thomas W Baggs 
The Behaviour of Metamorphic Apatite 

 

17 
 

Sample ST16-03C 

Sample ST16-03C is coarse-grained and is comprised of co-dominant quartz and biotite, 

sub-dominant k-feldspar and trace plagioclase and sillimanite (Fig.  4e).  Andalusite 

occurs in this high-grade sample as skeletal poikiloblasts.  Sillimanite occurs as fibrous 

crystals surrounding biotite and andalusite.  This sample contains the lowest apatite 

abundance of all metapsammitic samples; however, the grain size of the apatites are 

much larger (up to 0.5 mm). Monazite is abundant in this sample and commonly occurs 

on the grain boundaries of apatite. Ilmenite is only present as large inclusions in biotite 

grains. 

Sample STF-26A  

Sample STF-26A is coarse-grained and is comprised of dominant k-feldspar, sub-

dominant cordierite and biotite and coarse accessory spinel, garnet and quartz (Fig.  4f).  

There is no preferential alignment or foliation present.  This sample is comprised of four 

main zones: a quartz dominant with very little k-feldspar; a k-feldspar dominant with 

very little quartz; a garnet–biotite dominant with abundant accessory apatite and a 

spinel–garnet–biotite dominant.  This sample comprises the highest apatite abundance 

of all samples, which commonly occurs as coarse crystals in contact with biotite within 

the garnet–biotite zone. Monazite is abundant in this sample and commonly occurs on 

the grain boundaries of apatite or as inclusions of apatite.  Ilmenite is present as un-

oriented, euhedral rectangle shaped grains. 
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Whole Rock Geochemistry 

Whole rock major and trace element geochemistry for the samples is provided in Table 

2. The ratio of SiO2 to Al2O3 is greater in the metapsammites than the metapelites. 

Table 2: Whole rock geochemistry of samples.  Values presented as weight percent values of whole rock for major  
elements and mean ppm for trace elements. Psam = metapsammites. Pel = metapelites. 

 
ST16 
31J 

STF 
33P 

STF 
02B 

STF 
16A 

ST16 
09 

ST16 
19A 

ST16 
31A 

STF 
33 

STF 
04A 

STF 
10B 

ST16 
03C 

STF 
26A 

Major 
(wt%) Pel Pel Pel Pel Pel Pel Psam Psam Psam Psam Psam Psam 

SiO2 56.90 58.92 55.39 55.53 56.38 54.78 82.18 76.73 83.20 75.16 73.92 73.69 

TiO2 0.58 0.54 0.61 0.59 0.52 0.74 0.31 0.37 0.32 0.47 0.49 0.55 

Al2O3 25.15 21.06 24.43 24.73 25.13 25.18 9.26 11.17 8.84 13.17 13.74 12.78 

Fe2O3T 7.68 7.13 8.06 7.83 6.90 9.55 2.63 4.20 1.77 4.48 4.57 6.61 

MnO 0.07 0.07 0.13 0.06 0.10 0.11 0.05 0.04 0.06 0.13 0.07 0.11 

MgO 2.33 1.89 2.60 2.03 2.31 3.20 0.75 1.32 0.48 1.35 1.48 1.83 

CaO 0.03 0.10 0.34 0.21 0.36 0.33 0.64 0.44 0.66 0.71 0.84 0.47 

Na2O 0.68 0.44 0.62 1.23 1.37 1.17 1.24 0.98 1.05 0.74 1.49 0.59 

K2O 6.26 6.04 6.64 6.62 6.66 4.58 2.76 2.97 2.41 3.25 3.63 2.36 

P2O5 0.05 0.10 0.13 0.13 0.15 0.20 0.10 0.09 0.11 0.11 0.07 0.10 

LOI 4.42 3.94 2.06 0.72 1.16 0.75 0.70 1.82 1.11 0.89 0.95 1.25 

Total 96.40 100.2 101.0 99.68 94.04 90.93 97.94 100.1 100.0 100.5 96.61 100.3 

             
Trace 
(ppm)             

Rb 448.0 409.0 380.7 407.7 284.4 228.9 128.4 199.0 96.4 161.8 187.6 119.4 

Sr 74 61 106 49 134 148 105 85 57 121 117 57 

Y 24.7 13.6 34.2 28.5 32.1 22.7 19.8 22.2 24.7 24.1 19.6 23.5 

Zr 118 117 118 92 120 166 265 224 335 251 273 260 

V 90 81 92 69 135 113 40 43 27 60 57 64 

Ni 54 55 42 38 43 66 18 29 16 31 27 38 

Cr 86 78 70 60 75 94 56 54 25 59 78 81 

Nb 16.6 15.7 16.6 16.7 15.4 16.6 10.2 12.4 10.0 13.5 13.4 13.8 

Ga 35.0 32.2 34.2 34.5 35.9 35.3 14.5 17.2 12.6 20.2 20.5 20.1 

Cu 34 34 37 41 17 25 13 9 8 16 49 7 

Zn 107 118 111 115 93 117 45 73 27 73 65 134 

Co 17 19 17 18 17 29 2 9 1 11 8 21 

Ba 1011 884 913 1060 1014 956 587 567 487 521 852 516 

La 36 26 45 42 41 53 47 43 46 41 34 40 

Ce 78 163 108 109 93 132 80 75 80 84 74 83 

U 0.3 0.80 0.50 0.25 0.3 0.3 2.5 0.70 3.20 1.20 1.2 0.25 

Th 32.5 33.6 33.5 35.2 25.1 38.1 30.4 27.2 37.0 33.7 29.6 25.3 
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Accessory forming P2O5 and CaO increase with metamorphic grade and the metapelite 

samples show a strong HPE + LREE enrichment at granulite facies conditions (samples 

ST16-09 and ST16-19A) as Th is the dominant HPE. Spider diagrams of trace and 

major element data are presented in Appendix B. 

U-Pb Geochronology 

In-situ monazite U-Pb geochronology was undertaken on the Stafford Member samples.  

Samples STF-33 and STF-33P were totally excluded from the results because all 

analyses performed exceeded the 95-105% concordance threshold or contained 

significant 204Pb contamination.  Table 3 summarises the monazite ages determined on 

each sample.  Concordia diagrams for monazite standards Ambat (c.  520 Ma) and 94-

222/Bruna-NW (c.  450 Ma) are presented below in Figure 6.  The concordia ages of 

both standards fall within 5 m.y. of the referenced ages (see Payne et al., 2008). All U-

Pb Concordia ages of the monazites centre around c.  1770 - 1800 Ma (Table 3) except 

Table 3: Summary of In-Situ monazite U-Pb geochronology for all samples.  Concordia ages presented 
range from c.  1714 – 1804 Ma.  Includes mean square weighted deviation (MSWD) and concordia age 
error bars for all samples. 

Sample 
Number 

Unit Metamorphic Facies Concordia 
Age (Ma) 

Age Error 
(Ma) 

MSWD 

      
ST16-31J Pelite Mid-amphibolite 1782 ± 10 0.06 
STF-33P Pelite Mid-amphibolite – – – 
STF-02B Pelite Upper-amphibolite 1804 ± 38 1.50 
STF-16A Pelite Upper-amphibolite 1794 ± 11 0.30 
ST16-09 Pelite Granulite 1784 ± 7.4 0.09 
ST16-19A Pelite Granulite 1776 ± 10 1.50 
      
ST16-31A Psammite Mid-amphibolite 1714 ± 38 1.80 
STF-33 Psammite Mid-amphibolite – – – 
STF-04A Psammite Upper-amphibolite 1715 ± 140 5.10 
STF-10B Psammite Upper-amphibolite 1766 ± 10 0.68 
ST16-03C Psammite Granulite 1778 ± 8.7 3.10 
STF-26A Psammite Granulite 1777 ± 9.2 8.70 
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samples ST16-31A and STF-04A, each of which yielded two concordant analyses.  In-

situ monazite U-Pb geochronology probability density plots and full description are in 

Appendix C. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: In Situ monazite geochronology concordia diagrams for monazite standards.  (a) Ambat monazite 
standard with a U-Pb concordia age of 516.9 ± 2.3 Ma.  (b) 94-222/Bruna-NW monazite standard with a U-Pb 
Concordia age of 445.6 ± 2 Ma. 

ST16-31J ST16-31A
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ST16-31J ST16-31A

STF-02B  STF-04A

STF-10B STF-16A

Figure 7: In-situ monazite U-Pb geochronology Concordia diagrams for amphibolite facies 
samples. All data presented herein are concordant (>95%, <105% concordance).   (a) ST16-31J.  
 (b) ST16-31A.  (c) STF-02B.  (d) STF-04A.  (e) STF-16A.  (f) STF-10B. 
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Mineral Liberation Analysis (MLA) 

Estimated modal proportions of accessory minerals apatite and monazite were 

determined for each sample through mineral liberation analysis (MLA maps in 

Appendix D) to examine the influence of metamorphic grade on the growth of 

accessory minerals (particularly apatite).  Monazite is commonly observed in contact 

with the grain edges of apatite in granulite facies samples (Fig.  9). 

ST16-09 ST16-19A

ST16-03C  STF-26A

Figure 8: In-situ monazite U-Pb geochronology Concordia diagrams for granulite facies samples.   All data 
presented herein are concordant (>95%, <105% concordance).  (a) ST16-09.  (b) ST16-19A.  (c) ST16-03C.  (d) STF-
26A.  
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APATITE MINERAL LIBERATION ANALYSIS 

The modal proportion of apatite was estimated from the mineral liberation maps by 

performing a pixel count in photoshop (Appendix A). These values were then plotted 
200 µm 

200 µm 200 µm 200 µm 

Figure 9: Back scattered electron (BSE) maps of granulite facies samples depicting monazite on the grain boundaries of 
apatite.  (a) STF-26A.  (b) ST16-19A.  (c) ST16-03C. 

Figure 10: Apatite abundance with metamorphic grade: The modal proportion of apatite 
increases with higher P–T conditions.  Mid-amphibolite samples typically contain few, small apatite 
grains, whereas granulite samples typically contain many coarse grains of apatite.  The presented 
range is the highest and lowest modal proportion of sample pairs (samples taken within ~1 km 
proximity in the field). 
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against the location of the sample, as determined by the projection line in Figure 1.  In 

general, the modal proportion of apatite increases with increasing P–T (Fig.  10), except 

for ST16-03C and ST16-09 which have significantly lower apatite abundances. 

MONAZITE MINERAL LIBERATION ANALYSIS 

The modal proportion of monazite was estimated by the same method detailed in the 

above section.  These values were also plotted against the P–T conditions of the 

samples, as determined by the projection line in Figure 1.  There is a general trend for 

the modal proportion of monazite to increase with increasing P–T conditions for both 

metapelite and metapsammite samples. 

Figure 11: Monazite abundance with metamorphic grade: The modal proportion of monazite 
increases with higher P–T conditions.  ST16-31J and ST16-31A (the two lowest grade samples) have 
a significant difference in monazite abundance, despite being sampled within a few metres in the 
field.  The presented range is the highest and lowest modal proportion of sample pairs (samples taken 
within ~1 km proximity in the field). 
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Apatite and Monazite Chemistry 

Averaged and raw major and trace element data for apatite, monazite and silicates are 

all presented in the same format in Appendix E. Of the 343 individual LA–ICP–MS 

trace-element analyses performed on apatite across all samples, 102 were excluded from 

the presented results.  94 were excluded due to silicon or aluminium contamination of 

greater than 10,000 ppm. The remaining 8 were excluded due to zirconium 

contamination of greater than 200 ppm. Of the 232 individual LA-ICP-MS trace-

element analyses performed on monazite across all samples, 19 were excluded from the 

presented results.  16 were excluded due to silicon contamination of greater than the 

combination of U and Th concentration.  3 were excluded due to silicon contamination 

of greater than 100,000 ppm.  Trace element compositional data is presented as 

chondrite-normalised (McDonough and Sun, 1995) spider diagrams (Fig. 12 / 13).   

 

The spider diagram for apatite in metapelites shows significant spread in composition in 

the mid-amphibolite facies sample and less spread (except Th) in higher grade samples.  

Although there is significant overlap in upper-amphibolite and granulite facies apatite 

compositions, (Fig.  12a / 12b) there is an overall trend to lower REE, Zr, Y and Th 

content in upper-amphibolite facies apatite.  Light rare earth elements (LREEs) (e.g.  

La, Ce) and heavy rare earth elements (HREEs) (e.g.  Tm, Yb, Lu) are heavily depleted 

in supra-solidus apatite, whereas middle rare earth elements (MREEs) (e.g.  Sm, Eu, 

Gd, Tb, Dy) show a moderate preference for the supra-solidus, granulite facies apatite in 

the middle of the chondrite normalised REE plots (Fig. 12a / 12b).  Similarly, the 
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europium of apatite in metapsammites expresses a slightly higher concentration at 

granulite facies, whereas europium in the metapelite apatite expresses a slight 

preference for upper-amphibolite conditions (e.g.  Bea and Montero, 1999).  

 

The spider diagrams for monazite in metapelites also show significant spread in 

composition in the mid and upper-amphibolite facies samples and less spread (except 

 

 
            
 
 
 
 
 

(a) Metapsammite 

(b) Metapelite 

Figure 12: Apatite chondrite-normalised trace element ‘spider diagrams’.  Y, 
Zr, REE, U and Th LA–ICP–MS trace element data normalised against chondrite 
reference values from McDonough & Sun (1995).   (a) Apatite from 
metapsammites normalised.  (b) Apatite from metapelites normalised. 
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Th and Zr) in higher grade samples. Th in metapsammite monazite has a large spread 

and no apparent trend with metamorphic grade. There is an apparent depletion of REEs 

in granulite facies, metapelite monazites (Fig. 13b), however, in the granulite facies 

metapsammites, there is no discernible trend with varying metamorphic grade due to the 

large spread (Fig. 13a).  Eu is an exception to this, as it is clearly depleted in supra-

solidus monazites.  
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(b) Metapelite 

Figure 13: Monazite chondrite-normalised trace element ‘spider 
diagrams’.  Y, Zr, REE, U and Th LA–ICP–MS trace element data 
normalised against chondrite reference values from McDonough & Sun 
(1995).   (a) Monazite from metapsammites normalised.  (b) Monazite from 
metapelites normalised. 
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Generally, monazite contains up to an order of magnitude higher U and Th than apatite 

(Fig. 12 & 13).  Despite the fact monazite contains far higher concentrations of both 

HPEs, within individual accessory minerals it is clear apatite prefers uranium relative to 

thorium (Fig.  12) whereas monazite prefers thorium relative to uranium (Fig.  13). 

 

F, Cl and OH anion EPMA data of apatite (see Appendix E for raw data) were 

calculated for the average proportion within the halogen site in apatite’s crystal structure 

(Fig. 14). On average, F occupies greater than 70% of the F-Cl-OH site in the apatite 

crystal structure. Cl occupies less than 6% of the F-Cl-OH site in apatite and is slightly 

more abundant in granulite facies apatite relative to amphibolite. OH occupies around 

25 to 30% of the crystal structure. 

Figure 14: Apatite F–Cl–OH Ternary Diagram. Anion proportion for the F-Cl-
OH site in apatite was calculated for each sample and plotted on a ternary diagram 
that records the relative proportion of each component. Hydroxide occupies the same 
site as F and Cl in apatite. 
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DISCUSSION 

Interpretation of U–Pb Monazite Geochronology 

Before apatite and monazite compositional data can be discussed, it will be determined 

whether the accessory minerals are detrital or metamorphic in origin.  Monazite growth 

has been recognized at mid-amphibolite, upper-amphibolite and granulite facies 

conditions, and therefore it is a widely and commonly used metamorphic 

geochronometer (Kohn and Malloy, 2004).  Conversely, apatite is not typically used as 

a metamorphic geochronometer in high grade rocks, as it has a closure temperature of 

~450° C (Flowers et al., 2005) and commonly contains relatively high concentrations of 

common lead (204Pb) (Gelcich et al., 2005).  The lowest grade samples in this study 

record temperatures of ~590 °C (Fig.  1b), which is above the closure temperature of 

apatite.  Therefore, apatite within the Stafford Member samples would record the age of 

cooling rather than the age of metamorphism.  Consequently, the geochronology of 

monazite was used to determine the nature of accessory mineral growth.   

 

The lowest recorded temperature at Mount Stafford is above the biotite-in reaction 

isograd, which was described by several studies to correspond with the consumption of 

low-grade metamorphic monazite (e.g.  Budzyń et al., 2011; Wing et al., 2003; Smith 

and Barreiro 1990).  Metamorphic monazite was stated by Gasser et al.  (2012) to be 

produced about the andalusite-in and garnet-in isograds, which in the Stafford Member 

is to higher temperatures than the mid-amphibolite samples.  Therefore, detrital 

monazite is likely to be present in the lowest grade samples (e.g. Catlos et al., 2001; 

Suzuki et al., 1994) and may also persist in higher grade samples even where andalusite 

is present (e.g.  Wing et al., 2003).  Some of the spread in the compositional data for 
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monazite (Fig.  13b) may be due to detrital monazite within the lower-grade, mid-

amphibolite samples.  Concordant U-Pb age data show a spread from 2180 to 1714 Ma 

in mid-amphibolite samples (Figures 7a and 7b).  The age of deposition of the Stafford 

Member is c.  1858 Ma (Claoue´-Long et al., 2008) and the age of metamorphism of the 

Stafford Member is c.  1810 Ma – 1770 Ma.  On this basis, monazite grains older than 

c.  1810 Ma can be considered detrital.  According to this classification, there are only a 

few monazite grains that are both detrital and concordant (Fig. 7a), and these are 

restricted as inclusions in andalusite or cordierite. Conversely, monazite grains 

corresponding to the age of metamorphism are considered metamorphic in origin and 

tend to be located on the grain boundaries of biotite and apatite, particularly in the 

granulite facies samples (e.g.  Fig. 9). 

 

A lot has been written about metamorphic monazite (e.g. Smith and Barreiro, 1990; 

Wing et al., 2003; Kohn and Malloy, 2004; Corrie and Kohn, 2008; Gasser et al., 2012) 

and very little about metamorphic apatite, yet in all these studies, apatite is ubiquitously 

present.  Detrital apatite is known to occur in metasedimentary rocks (Spear and Pyle, 

2002), therefore, it is likely at least some of the samples contain detrital apatite.  Low-

grade, mid-amphibolite samples also have the largest spread in terms of apatite Y + Zr + 

REE + Th + U concentration (Fig.  12), perhaps due to the presence of both detrital and 

metamorphic grains.  Numerous studies in addition to this concur that apatite is required 

as a reactant in the growth of monazite since both minerals contain phosphorous (e.g.  

Budzyń et al., 2011; Spear and Pyle, 2010; Janots et al., 2008), thus it would seem 

likely detrital apatite is preserved in the Stafford Member samples. 
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Trace Element Distribution with Metamorphic Grade 

Understanding the distribution of trace elements with increasing metamorphic grade is a 

vital component to proposing apatite involving mineral reactions.  In addition, 

information about the changes to apatite abundance with increasing metamorphic grade, 

its microstructural location in samples and information about major silicate mineral 

reactions (e.g. Vernon et al., 1990; White et al., 2003) is utilised. 

DISTRIBUTION COEFFICIENTS 

Considering existing literature describes the two-way reaction link between apatite and 

monazite (e.g. Budzyń et al., 2011; Janots et al., 2011) and the link between biotite and 

apatite (e.g. Broska et al., 2005; Bingen et al., 1996), distribution coefficients were 

calculated for the mineral pairs: apatite/monazite and apatite/biotite in order to 

determine the partitioning behaviour of elements with changing metamorphic grade.  

Raw EPMA and LA–ICP–MS data were used to calculate these coefficients. 

 

𝐷 =
𝐸𝑙𝑒𝑚𝑒𝑛𝑡 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝑀𝑖𝑛𝑒𝑟𝑎𝑙 𝐴)

𝐸𝑙𝑒𝑚𝑒𝑛𝑡 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝑀𝑖𝑛𝑒𝑟𝑎𝑙 𝐵)
 

 

If D > 1 the element has a preference for Mineral A. 

If D < 1 the element has a preference for Mineral B. 

 

Although the compositional data for xenotime was not collected in this study, the 

partitioning of elements for apatite/xenotime are expected to be greater than 1 for Y + 

HREEs and less than 1 for LREEs + MREEs (e.g.  Pyle et al., 2001).  The partitioning 

of elements in the apatite/melt pair is greater than 1 for all REEs + Y and less than 1 for 
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Th, U, Zr (Prowatke and Klemme, 2006).  The partitioning of elements in the 

monazite/melt pair is greater than 1 for all REEs + Y + Th + U, with a significantly 

stronger Th than REE preference for monazite (Stepanov et al., 2012).  This would 

imply Th and U will preferentially partition to monazite during partial melting.  

Distribution coefficients calculated in this study also support this notion, as there is a 

distinct preference of U + Th for monazite relative to apatite, that only improves with 

metamorphic grade (Fig.  15).   

 

 

 

LREEs also have a strong preference for monazite over apatite, particularly as 

metamorphic grade increases. This likely suggests a prograde metamorphic exchange of 

REEs from apatite to monazite (e.g.  Wing et al., 2003).  However, MREEs do not 

follow this trend with grade and instead show a slightly lower preference for monazite 

Figure 15: Distributions coefficients for the mineral 
pair Apatite/Monazite of Y, Zr, Th, U and REEs. 
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with increasing metamorphic grade (Fig. 15).  HREEs such as Yb and Lu have a slight 

preference for apatite in sub-solidus samples, but a preference for monazite in supra-

solidus samples.  There is no discernible trend for Zr and Y.  Th has a strong preference 

for monazite, with a clear intensification of this preference with higher grade P–T 

conditions.  U has a slight to moderate preference for monazite (Fig. 15) (e.g. Stepanov 

et al., 2012). 

 

In the apatite/biotite pairing (Fig. 16), F has a preference for apatite.  However, as 

metamorphic grade increases, the preference for apatite decreases.  There is no clear 

preference trend of Cl for biotite or apatite with increasing metamorphic grade, and this 

likely reflects the low Cl concentrations in both biotite (Appendix E) and apatite (Fig. 

14) in this study. Th and U both have a strong preference for apatite relative to biotite 

under mid-amphibolite facies conditions.  At granulite conditions, the U preference for 

Figure 16: Distribution coefficients for the mineral 
pair Apatite/Biotite of Y, Zr, Th, U, F, Cl. 
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apatite is reduced and Th has a slight preference for biotite, though will preferentially 

partition into monazite.  There is no discernible grade trend for Y between apatite and 

biotite, but Y partitions strongly into apatite.  Zr preferentially partitions into mid-

amphibolite apatites and upper-amphibolite biotites in this binary system. 

SPIDER DIAGRAMS (RARE EARTH ELEMENTS) 

REEs (particularly LREEs) are up to two orders of magnitude lower in apatite relative 

to monazite (Fig.  12 and 13) because when apatite coexists with monazite in 

metapelites, LREEs are preferentially enriched in monazite (Spear and Pyle, 2002).  

MREE enrichment in granulite facies apatite relative to the upper-amphibolite facies 

apatite would suggest MREEs tend to remain in apatite during partial melting.  

Experimental work by Ayers and Watson (1993) found the distribution coefficients 

between apatite and partial melt were higher than 15 for Sm and Dy (MREEs), which 

indicates a propensity for MREEs to remain in apatite during partial melting.  In 

general, the apatite spider diagrams (Fig. 12) demonstrate there is a relative depletion of 

HREEs and LREEs in apatite in supra-solidus, partially melted samples, likely because 

high field strength elements (HFSEs) such as REEs are ‘incompatible elements’ and 

thus have a higher tendency to fractionate into the melt during partial melting (Francis, 

2003).  A preferential enrichment (or lack of depletion) of MREEs in supra-solidus 

samples is possibly due to a preference for MREEs to remain in apatite, as evidenced by 

the abnormally high distribution coefficient between apatite and partial melt for MREEs 

(Bingen et al., 1996) and the enrichment of MREEs relative to HREEs and LREEs (Fig. 

12). An alternative possibility is another mineral rich in MREEs is in reaction with 

apatite at upper-amphibolite and granulite conditions. 
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Granulite facies monazites tend to be depleted in REEs relative to mid-amphibolite 

monazites (Fig. 13), partly due to the incompatibility of REEs (Francis, 2003).  The 

large spread of granulite REE concentrations in metapsammite monazites can be 

explained by the exchange of REEs to monazite during the growth of monazite on the 

edges of granulite facies apatite crystals (see Fig. 9) (Krenn et al., 2012; Budzyń et al., 

2011), where MREE rich apatite is incongruently broken down to form monazite under 

high P–T conditions (Johnson et al., 2015; Krenn et al., 2012; Wolf and London, 1995).  

Oppositely, the low-grade Stafford Member samples rarely exhibit accessory monazite 

growth on the edges of apatite. These two outcomes may be indicative of apatite’s 

relatively high solubility at higher P–T conditions (Wolf and London, 1995; Pichavant 

et al., 1992).  This proposed high-grade breakdown of apatite to monazite explains both 

the large spread of  REE concentration in supra-solidus monazite as well as the 

depletion of LREEs relative to MREEs in supra-solidus apatite, i.e.  the ‘bell shape’ of 

the apatite REE chondrite normalised plot (Bea and Montero, 1999).  The increase in 

modal abundance of monazite with metamorphic grade (Fig.  11), the lower than 1 

distribution coefficient Dap/mnz of REEs (Fig.  15) and the relatively high solubility of 

apatite and tendency for incongruent breakdown as per (Wolf and London, 1995) also 

support this proposition.   

SPIDER DIAGRAMS (HEAT PRODUCING ELEMENTS) 

Uranium and thorium are two of the major heat producing elements (HPEs) in” 

continental crust (Korenaga, 2011) and are mainly contained within monazite and 

apatite (Rubatto et al., 2006). Therefore, the retentivity of U and Th in monazite and 

apatite during partial melting is of paramount importance to understanding the overall 

distribution of heat production in partially melted continental crust.  Stepanov et al. 
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(2012) found that the distribution coefficients for both U and Th between monazite and 

melt (Dmnz/melt) decreased with increasing temperature.  Notably, this observation is also 

true for all REEs + Y, but particularly for LREEs.  Initially this would tend to suggest 

that as partial melting progresses with increasing temperature, radiogenic HPEs U and 

Th are less stable in monazite.  However, the distribution coefficients were found to be 

greater than 1 for Dmnz/melt even at temperatures of ~1200 °C.  Dmnz/melt values calculated 

for temperatures most comparable to the maximum temperature calculated for the 

Stafford Member (~800 °C; Fig.  1) were up to ~1600 for Th and ~200 for U, which 

indicates even at granulite facies conditions, U and Th have a strong preference for 

monazite over partial melt. 

 

In the metapelite samples, depletion of U and Th in monazites at granulite conditions 

relative to mid-amphibolite conditions (Fig.  13b) can be at least partially explained by 

the presence of U and Th enriched detrital monazite grains (see Fig.  7a) in the lower 

grade samples.  These results agree with the data presented in Stepanov et al. (2012), 

suggesting U and Th remain in monazite during partial melting and therefore the partial 

melt is depleted in both U and Th relative to monazite.  Melt loss would remove this 

HPE depleted silicate melt from the system, while HPE enriched monazite remains in 

the residual crust (Fig. 11), potentially increasing heat production in the residual crust 

with sufficient monazite growth. Furthermore, because apatite (as the major reservoir 

for P2O5) is required for the growth of monazite (Johnson et al., 2015), it is a key 

component for residual crust HPE enrichment. However, it is likely this would only be 

possible if the granulite rocks were increasingly enriched in monazite, because whole 

rock geochemistry suggest there is no enrichment or depletion in the mid-amphibolite 
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vs granulite facies crust (Table 2). This is likely because the study only investigated 

compositional changes over a narrow range of metamorphic conditions of ~200 °C 

(mid-amphibolite to granulite). Extending this range in a new study location,  

 

The notion that residual granulites can have a higher heat production than shallower 

crustal rocks is not widely recognised.  However, there are examples of high-heat 

producing granulites, in India (Kumar et al.  2007; Roy et al., 2008), Brazil (Iyer et al., 

1984), South Africa (Andreoli et al., 2006; Ballard et al 1987) and Finland (Jõeleht and 

Kukkonen 1998).  The results from this study also indicate the residual granulite facies 

rocks of the Stafford Member could have a slightly higher heat production than the 

lower grade rocks. 

Metamorphism Driven Accessory Mineral Reactions 

Based on the petrographic analyses, the continuous reaction changes that occur to the 

major silicate mineralogy with increasing metamorphic grade for the metapelites and 

metapsammites are presented in Table 4 (see also: Table 1; Vernon et al., 1990; White 

et al., 2003).  Corrie and Kohn (2008) invoke plagioclase and garnet as LREE sources 

involved in reaction with accessory minerals.  However, in contrast to almost all other 

studies that have investigated monazite growth in the context of silicate minerals and 

accessory minerals (cf.  Tomkins and Pattison, 2007), the Stafford Member is almost 

entirely garnet absent.  Therefore, there is no sufficient Y sink (e.g.  garnet) to consume 
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and remove Y-bearing accessory phases such as xenotime from the assemblage during 

prograde metamorphism (e.g.  Pyle and Spear, 2003).  The Stafford member is also 

almost entirely plagioclase absent (Table 1), particularly in the low-grade samples 

where a source of Ca is required for the growth of metamorphic apatite at low grades.  

These outcomes suggest that apart from biotite, no other silicate mineral directly 

Table 4: Continuous reaction changes for major silicate minerals in the Stafford Member.  Reactions 
interpreted from petrographic analysis of the Stafford Member samples. 

Continuous reaction series: 

Metapelites: 

muscovite + biotite + andalusite + ilmenite + quartz ± plagioclase 

↓ 

muscovite + biotite + andalusite + k-feldspar + ilmenite + quartz ± plagioclase 

↓ 

biotite + andalusite + cordierite + k-feldspar + ilmenite + quartz ± plagioclase 

↓ 

biotite + sillimanite + cordierite + k-feldspar + ilmenite + quartz ± plagioclase 

↓ 

biotite + sillimanite + cordierite + k-feldspar + ilmenite + quartz + melt ± plagioclase 

 

Metapsammites: 

muscovite + biotite + k-feldspar + quartz + ilmenite ± plagioclase 

↓ 

biotite + cordierite + k-feldspar + quartz + ilmenite 

↓ 

biotite + cordierite + sillimanite + k-feldspar + quartz + ilmenite + plagioclase ± melt 

↓ 

biotite + cordierite + sillimanite + k-feldspar + quartz + melt + ilmenite 

↓ 

biotite + cordierite + k-feldspar + quartz + melt 

↓ 

biotite + cordierite + garnet + k-feldspar + quartz + spinel + melt 
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participated in reactions involving accessory minerals, at least in terms of the exchange 

of trace elements.  

 

Additionally, it was recognised by some studies that there is no obvious accessory 

mineral source for all the Th that is typically contained within monazite (e.g.  Corrie 

and Kohn, 2008; Kohn and Malloy, 2004).  In the case of the Wing et al.  (2003) study, 

rare grains of ThSiO4 (huttonite or thorite) were identified and argued to be the Th 

source for monazite.  In other studies, the breakdown of detrital monazite was argued to 

supply Th for growth of metamorphic monazite via recrystallization and/or reaction 

(e.g.  Kohn and Malloy, 2004; Pyle and Spear, 2003).  Unfortunately, no mineral 

chemistry data was collected for xenotime, therefore it is difficult to investigate any Th 

exchange between xenotime and monazite.  However, the modal proportion data for 

apatite and monazite in combination with the element partitioning behaviour suggests 

that as metamorphic grade increases, the ratio of the abundances of apatite/monazite 

decreases, apatite/xenotime increases and monazite/xenotime increases.  Given these 

ratios and knowledge that the abundance of xenotime decreases and the abundance of 

monazite and apatite increases with increasing P–T, it would seem likely monazite 

grows at the expense of xenotime and apatite.  It is therefore conceivable that the source 

of Th for monazite growth is at least partly supplied by the breakdown of xenotime and 

apatite.  Two silicate mineral involving unbalanced reactions are considered here to 

produce monazite at upper-amphibolite facies conditions (1) and granulite facies 

conditions (2). 
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(1) 

Xenotime +  Apatite +  Andalusite +  Quartz =  Monazite +  Plagioclase +  Sillimanite + Liq  

[Y/REE/U/Th(PO4)] + [Y/REE/U/Th3/Ca2(PO4)3F/OH] + 3[Al2SiO5] + 5[SiO2] 

↓ 

[Y/REE/U/Th(PO4)] + [CaAl2Si2O8] + [Al2SiO5] + Liq 

 

In (1) the Ca component of apatite is replaced in plagioclase while the Y + REE + U + 

Th component of apatite and xenotime is replaced in the monazite.  The Al component 

of andalusite is shared with plagioclase and sillimanite in polymorphic reaction.  

Monazite growth on the edges of apatite grains appeared when sillimanite and 

plagioclase first appeared in the samples, therefore it is assumed these reactions 

occurred simultaneously. 

(2) 

𝑋𝑒𝑛𝑜𝑡𝑖𝑚𝑒 +  𝐴𝑝𝑎𝑡𝑖𝑡𝑒 + 𝐵𝑖𝑜𝑡𝑖𝑡𝑒  =  𝑀𝑜𝑛𝑎𝑧𝑖𝑡𝑒 +  𝑃𝑙𝑎𝑔𝑖𝑜𝑐𝑙𝑎𝑠𝑒 +  𝐺𝑎𝑟𝑛𝑒𝑡 +  𝐾 − 𝑓𝑒𝑙𝑑𝑠𝑝𝑎𝑟 +  𝐿𝑖𝑞 

[Y/REE/U/Th(PO4)] + [Y/REE/U/Th3/Ca2(PO4)3F] + [K(Mg/Fe)3AlSi3O10F] 

↓  

[Y/REE/U/Th(PO4)] + 2[CaAl2Si2O8] + [(Mg/Fe)3Al2Si3O12] + [KAlSi3O8] + Liq 

 

In (2) the Y component of xenotime is shared by garnet and monazite; the Ca 

component of apatite is shared by garnet and plagioclase products and the K component 

of biotite is replaced in the k-feldspar. 

 

The presence of F and Cl in biotite and apatite, the preference for F and Cl to partition 

to apatite (Fig. 16) and the observed petrographic relationships between these minerals 

(Figures 3 and 5) strongly suggest involvement of biotite in accessory mineral reactions.  

Almost all metamorphic apatite is dominated by the F end member (i.e.  fluor-apatite) 

and contain significantly more OH than Cl (Fig. 14).   Biotite is the major supply of F 
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for the growth of fluor-apatite (Budzyń et al., 2011; Broska et al., 2005; Finger et al., 

1998; Zhu and Sverjensky, 1992), consequently biotite is intimately linked with any 

occurrence of accessory metamorphic fluor-apatite.  Bingen et al.  (1996) proposed the 

release of F from the breakdown of biotite under granulite conditions may increase the 

stability of apatite into higher temperatures. In addition to biotite, silicate minerals that 

contain calcium must also be involved in apatite producing mineral reactions.  Garnet 

and plagioclase are unlikely to be the only supply of Ca for apatite growth in the 

Stafford Member samples as they are not present at lower grade.  Allanite 

[Ce/Ca/Y/La)2(Al,Fe+3)3(SiO4)3(F/OH)] is a Ca-bearing accessory mineral common in 

low-grade metamorphic rocks (e.g.  Budzyń et al., 2011; Krenn et al., 2012; Finger et 

al., 1998; Tomkins and Pattison, 2007) and commonly is consumed by other accessory 

phases at mid-amphibolite conditions (e.g.  Janots et al., 2008).  Allanite consumption at 

lower temperatures in the Stafford Member may have promoted the growth of apatite 

and monazite at lower grade conditions.  The following unbalanced reaction (4) is 

proposed to produce apatite at low grades of metamorphism. 

(4) 

𝑀𝑢𝑠𝑐𝑜𝑣𝑖𝑡𝑒 + 𝐵𝑖𝑜𝑡𝑖𝑡𝑒 + 𝐴𝑙𝑙𝑎𝑛𝑖𝑡𝑒 + 𝑋𝑒𝑛𝑜𝑡𝑖𝑚𝑒 = 𝐾 − 𝑓𝑒𝑙𝑑𝑠𝑝𝑎𝑟 + 𝐶𝑜𝑟𝑑𝑖𝑒𝑟𝑖𝑡𝑒 + 𝐴𝑝𝑎𝑡𝑖𝑡𝑒 + 𝑀𝑜𝑛𝑎𝑧𝑖𝑡𝑒 

+ Liq 

[KAl2(AlSi3O10)(F/OH)] + [K(Mg/Fe)3AlSi3O10(F/OH)] + [Ce/Ca/Y/La)2(Al,Fe+3)3(SiO4)3(F/OH)] + [Y(PO4)] 

↓ 

[KAlSi3O8] + [(Mg/Fe)2Al4Si5O18] + [Y/REE/U/Th(PO4)] + [Y/REE/U/Th3/Ca2(PO4)3(F/OH)] + Liq 

 

In (4) biotite and muscovite supply the F, Cl and OH for apatite, and are clearly frozen 

in reaction in thin section (Fig.  3 and 5).  Allanite supplies the Ca for apatite, however 

is not observed in the Stafford Member samples likely because it has been completely 
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consumed at lower-amphibolite facies conditions. REEs + U + Th and PO4 are sourced 

from the breakdown of xenotime. 

(5) 

𝐵𝑖𝑜𝑡𝑖𝑡𝑒 +  𝑋𝑒𝑛𝑜𝑡𝑖𝑚𝑒 +  𝑃𝑙𝑎𝑔𝑖𝑜𝑐𝑙𝑎𝑠𝑒 =  𝐾 − 𝑓𝑒𝑙𝑑𝑠𝑝𝑎𝑟 +  𝐴𝑝𝑎𝑡𝑖𝑡𝑒 +  𝑀𝑜𝑛𝑎𝑧𝑖𝑡𝑒 +  𝐺𝑎𝑟𝑛𝑒𝑡 + Liq 

[K(Mg/Fe)3AlSi3O10(F/OH)] + [Y(PO4)] + [CaAl2Si2O8] 

↓ 

[KAlSi3O8] + [Y/REE/U/Th3/Ca2(PO4)3(F/OH)] + [Y/REE/U/Th(PO4)] + [(Mg/Fe)3Al2Si3O12] + Liq 

 

(5) is considered to provide both the F and Ca components in to provide the stability for 

growth of metamorphic apatite at granulite facies metamorphic conditions (e.g. Bingen 

et al., 1996). Here, biotite, xenotime and plagioclase are broken down to produce apatite 

and monazite. The reaction is similar to (4) only plagioclase is broken down in place of 

allanite to supply Ca for the growth of apatite and garnet as the abundance of 

plagioclase decreases at granulite facies conditions. 

 

Ultimately, apatite growth is driven by the breakdown of silicate minerals, whereas 

monazite is almost completely dependent on the breakdown of accessory phosphate 

minerals such as apatite and xenotime. 

The Stability of Apatite During Metamorphism of the Continental Crust 

The Ivrea–Verbano region of Italy hosts a metamorphosed, garnet–bearing 

metasedimentary package, and like the Stafford Member, this prograde metamorphic 

sequence ranges from upper-amphibolite to granulite facies peak metamorphism with 

evidence of substantial partial melting (Redler et al., 2013).  A study by Bea and 

Montero (1999) on the Ivrea–Verbano zone metasediments found that the modal 

proportion of apatite decreased markedly with metamorphic grade.  Similarly, a study of 
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the Rogaland metamorphic complex, Norway, by Finch and Tomkins (2017) found the 

modal proportion of apatite was lower in higher temperature samples of metapelitic 

migmatites compared to lower-grade samples.  However, within the Stafford Member a 

contradictory trend is evident; the modal proportion of apatite increases steadily and 

consistently with metamorphic grade and remains abundant at supra-solidus conditions 

(Fig.  10).  Petrographic and MLA analysis of the Stafford Member revealed the average 

grain size of the metamorphic apatite also generally increased with metamorphic grade 

(Fig.  5e / 5f), whereas the number of individual grains decreased (e.g.  Bea and 

Montero, 1999).  Additionally, petrographic analyses revealed significant supra-solidus 

partial melting in the higher-grade samples of the Stafford Member.  Partial melting of 

the major silicates prior to melting of accessory phosphates would remove major rock 

forming silicate elements from the system via melt loss, and therefore increase the 

relative elemental budget of accessory forming elements within the system, i.e.  

phosphate and calcium (Table 2).   Recent work by Yakymchuk (2017) presents plots of 

the stability of metamorphic apatite as a function of pressure, temperature and whole 

rock P2O5 concentration using apatite dissolution equations from Harrison and Watson 

(1984) and Wolf and London (1995).  Low P2O5 concentrations of 0.1 wt% in 

Yakymchuk (2017) accurately represent the Stafford Member whole rock geochemistry 

for supra-solidus and sub-solidus samples.  Given the highest P–T conditions recorded 

for the samples at Mount Stafford (~ 3.9 kbar, 800° C) and 0.1 wt% P2O5, the solubility 

equations predict between 10% (Harrison and Watson, 1984) and 30% (Wolf and 

London, 1995) apatite dissolution in a closed monazite-melt-apatite system, which is 

well below the conditions for total apatite dissolution.  In an open system scenario at 6 

kbar with an initial whole rock 0.1% P2O5 amount, P2O5 becomes increasingly 
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concentrated in the residual rock with increasing temperature, as also seen in the whole 

rock geochemistry of this study (Table 2), suggesting apatite preservation is enhanced 

by melt loss, as the major P2O5 reservoir.  These outcomes imply apatite should still be 

abundant in supra-solidus, granulite facies samples and the ratio of apatite to monazite 

discussed earlier in addition to the observed growth of monazite on the grain boundaries 

of apatite (Fig.  9) suggests some dissolution of apatite to produce monazite ensues at 

granulite facies conditions (Johnson et al., 2015).   

CONCLUSIONS 

(1) Metamorphic apatite growth at mid-amphibolite facies is driven by the complete 

consumption of low-grade allanite and detrital apatite and the partial 

consumption of muscovite, biotite and xenotime.  Whereas metamorphic apatite 

growth at granulite facies is driven by the breakdown of biotite, plagioclase and 

xenotime (Reactions 4 and 5).  Therefore, apatite growth is primarily dependent 

on the breakdown of silicate minerals. 

(2) Metamorphic monazite growth at amphibolite facies metamorphism is primarily 

driven by the breakdown of xenotime and some apatite, while new monazite 

growth at granulite facies is primarily driven by the dissolution of apatite.  

(Reactions 1 and 2).  Therefore, monazite breakdown is primarily dependant on 

the breakdown of other accessory minerals, particularly apatite. 

(3) During partial melting, heat producing elements U + Th preferentially remain in 

monazite relative to apatite and the melt, therefore the melt and apatite is 

relatively depleted in HPEs.  Consequently, melt loss of HPE depleted 

segregates would enrich the residual, partially melted, monazite-bearing rocks of 

the Stafford Member in HPEs and increase heat production. 
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(4) As the major reservoir for P2O5 in the continental crust, the stability and high 

relative abundance of apatite is sustaine at granulite facies conditions (Figures 

10, 5e, 5f, 3c, 3d) by melt loss driven enrichment of P2O5 in residual samples 

(Table 2). 

 

Although apatite was the focus of this study, it is clear from the conclusions and 

established literature that monazite is the more important reservoir for HPEs and 

therefore more relevant to the conclusions concerning heat production.  Future work 

including xenotime compositional data and calculated P–T pseudosections would gain 

further insight into the heat production of the continental.  More emphasis should be 

placed on investigating the whole rock distribution of U and Th (and therefore crustal 

heat production) by extending their minimum and maximum metamorphic conditions. 

The data and reactions presented herein may also prove useful for further study given 

the close link between metamorphic monazite and apatite. 
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APPENDIX A: METHODS  

Sample Collection and Selection 
For this study, twelve representative samples were selected from Mount Stafford (six 
metapelite, six metapsammite) from a much larger set of samples with an equal contribution 
from each metamorphic facies; mid-amphibolite, upper-amphibolite, granulite. These twelve 
samples were selected from the larger set as they were thought to be representative of their 
respective metamorphic grades. There are four samples from each mid-amphibolite, amphibolite 
and granulite metamorphic facies, with two of each metapelite and two metapsammite. Table 1 
below lists the sample names and number and their metamorphic grade. 
Figure 1 is a map of the study area that displays the original sample location of each of the 
twelve samples. 
 
Electron Probe Microanalysis (EPMA) 
Electron probe microanalysis was performed on each thin section with a Cameca SXFive 
electron microprobe at Adelaide Microscopy. This was done for apatite, monazite and 
silicate/oxide minerals in each polished thin section to determine the wt% of each major 
element. The data were used in the processing of the LA-ICP-MS data as there needs to be a 
known wt% value for each mineral analysed in Iolite – which EPMA can supply. 
Major element data was collected using electron probe microanalysis (EPMA) on monazite, 
apatite, Fe–Ti oxides and silicate minerals in each sample using a Cameca SXFive electron 
microprobe with an accelerating voltage of 15 kV and beam current of 20 nA.  Elements that 
were measured for apatite and monazite include: Ca, Mg, Ti, Si, Al, Fe, Mn, Cl, F, La, Ce, Nd, 
K, P, Na, S, As, Sr and Y (+ U and Th in monazite).  Elements measured for silicates and Fe–Ti 
oxides were: Ca, Mg, Ti, Si, Al, Fe, Mn, Cr, Cl, F, K, P, Na, Ba, V, Zn, Zr and Sr.  Xenotime, 
thought present in the samples were not analysed by EPMA due to time limitations.  Data 
calibration and reduction was carried out in Probe for EPMA, distributed by Probe Software 
Inc.  Poor and contaminated analyses were found and removed from the dataset by using cation 
calculation spreadsheets and monitoring K, Mg, Al and Si concentrations for apatite and 
monazite. 
 
Pre-selecting mineral grains for analysis 
1) Minerals that were analysed on the microprobe are also analysed on the laser. Therefore 
when considering which grains to use, the intended laser spot size must also be considered. 
2) Mineral grains large enough for the intended laser spot size (13 microns or greater for 
monazite, 23 microns or greater for silicates/oxides and X microns or greater for apatite) were 
selected. 
3) The grains were pre-selected using petrography and the BSE images to ensure a balanced 
measurement between different mineral textural settings in each thin section. 
4) Grains were circled and labelled on the BSE images for locating later. 
 
EPMA  operational procedure 
 
1)Minerals were located using the assistance of BSE and MLA maps digitally attached to the 
image mentioned in pre selecting mineral grains for analysis 
2) Focus calibration was performed prior to plotting each point. 
3) points were plotted for the probe to analyse later, often across large grains, transects were 
plotted to identify any growth zoning. 
4) Once all points were plotted the automatic electron probe procedure was initiated and data 
compiled in the program. 
5) Data reduction was performed in probe for EPMA. 
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Laser Ablation Inductively Coupled Plasma Mass Spectrometry (LA-ICP-MS) 
 
Laser ablation inductively coupled plasma mass spectrometry was performed on silicates, 
oxides, monazites and apatites in each thin section with an ASI Resolution Excimer 193 nm 
laser and an Agilent 7900 ICP mass spectrometer. Back scattered electron images overlain with 
MLA maps were used in ASI’s GeoStar μGIS software to plot points for ablation. Agilent’s 
Masshunter 4.1 software was used to output the mass spectrometry data. Data reduction was 
performed using the Iolite software package. 
Laser Ablation–Inductively Coupled Plasma–Mass Spectrometry (LA–ICP–MS) isotopic and 
trace element analyses were undertaken on apatite, monazite, Fe–Ti oxides and various silicate 
minerals using an ASI M-50-LR 193 nm excimer laser in a He ablation atmosphere coupled to 
an Agilent 7700cx ICP–MS.  Isotopes measured for geochronology were 202Hg, 204Pb, 206Pb, 
207Pb, 208Pb, 232Th and 238U.  Trace element isotopes measured concurrently with the 
geochronology isotopes were 29Si, 31P, 43Ca, 89Y, 90Zr, 139La, 140Ce, 141Pr, 146Nd, 
147Sm, 153Eu, 157Gd, 159Tb, 163Dy, 165Ho, 166Er, 169Tm, 172Yb and 175Lu.  Each 
analysis was pre-ablated with five laser pulses to remove any surface contamination.  Apatite 
was ablated for 40 seconds after a hold time of 30 seconds using a spot size of 13 microns and 
fluence of 2.0 J/cm2.  Monazite was ablated for 30 seconds after a hold time of 30 seconds 
using a spot size of 13 microns and fluence of 2.0 J/cm2.  Silicate minerals and Fe–Ti oxides 
were ablated for 50 seconds after a hold time of 30 seconds, using a spot size of 29 microns and 
fluence of 3.5 J/cm2.  Data reduction for both trace elements and geochronology was carried out 
by utilizing the Iolite software package (v3.31) (Paton et al., 2011).  Instrument drift was 
corrected by standard–sample bracketing every 15 (monazite) to 20 (silicate and apatite) 
analyses.  Element fractionation bias was corrected by calibration performed on certified 
synthetic and natural mineral standards from Astimex Ltd and P&H Associates, specifically 
MAdel standard for monazite.  Geochronology calibration accuracy was determined on 
monazite using internal Ambat and 94-222/Bruna-NW standards.  NIST610 and NIST612 glass 
were used as a standard for the trace element composition of monazite, apatite and silicates.  For 
geochronology, signal selection was carried out by monitoring the Si and P signal in addition to 
the live concordia plot feature in Iolite.  Age data were plotted using Isoplot 3.75 (Ludwig, 
2012).  For trace elements, signal selection of individual analyses was carried out by monitoring 
the Si signal (contamination) and the P signal (expected) in both monazite and apatite.  Trace 
element concentrations for each mineral analysis were measured and tabulated in parts per 
million (ppm) by using major element data from electron probe microanalyses as an internal 
standard.  As the goal of the study is to identify trends in mineral chemistry to assist with 
identifying mineral reactions with increasing metamorphic grade, all measured trace element 
compositions of apatite and monazite were plotted on chondrite normalised spider diagrams 
(McDonough and Sun 1995). 
 
Pre-selecting mineral grains for analysis 
1) Minerals that were analysed on the probe were also analysed on the laser mass spectrometer. 
These include monazite, apatite and rock forming silicate/oxide minerals. 
2) The same mineral grains analysed on the probe (where possible) were analysed on the laser, 
the grain labels were consistent across use of the two instruments. 
3) As with EPMA analysis, silicates were pre-selected using petrography and the BSE images to 
ensure a balanced measurement between different mineral textural settings in each thin section. 
4) Grains were circled and labelled on the BSE images for locating later. 
 
LA-ICP-MS preparatory protocols 
1) The environment surrounding the laser was cleaned and set at a constant temperature. 
2) A notebook and clean pen was prepared for recording the location of thin sections on the 
sample tray. 
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3) Gloves were put on and if the thin section tray was already out, it was placed on a clean paper 
towel, other samples were removed and the thin sections to be analysed were placed on the tray 
and secured under the springs. 
IF the tray was still in the apparatus, it was removed and the thin sections replaced. 
4) Mineral appropriate standard sample sections were also inserted into the tray.  
5) The tray was reinserted into the apparatus. 
6) Once the tray was re-inserted ‘LA-ICP-MS operating protocols’ was performed. 
 
LA-ICP-MS operational protocols 
 
1)Minerals were located using the assistance of BSE and MLA maps digitally attached to the 
image, 2) Focus calibration was performed prior to plotting each point. 
3) points were plotted for the laser to ablate and collect data through the MS later. 
4) once all points were plotted the automatic ablation procedure was started and mass 
spectrometry data was collected of the ablated material of each mineral. 
5) In preparation for Iolite data reduction, extract just the .csv output files from the LA-ICP-MS 
data output and place them into a folder – one folder for each mineral (all silicates/oxides can go 
into one folder, apatite and monazite should be separated) 
 
 
Iolite data reduction (geochronology) 
1) Iolite was opened (from Igor software), data were imported by selecting the folder containing 
the extracted .csv files for monazite only. 
2) The baseline signal was extracted from the signal by using the active selections tool, all 
samples listed were selected and the time range of the spline was the laser ‘hold time’ that 
occurred prior to ‘cleaning’ – in this case the first 30 seconds were ‘hold time’. Baseline_1 was 
selected and a ‘step forward’ spline type was applied. 
3) A spline was applied to the standards used on the laser by using the active selections tool, all 
standards that needed to be splined were selected and the true signal portion of the data were 
selected. A smoothed 7 spline type was applied to both MAdel and NIST 610 standards.  
4) An unknown selection was applied to all unknown samples by using the active selections 
tool, all unknown samples were selected and the true signal portion of the data were selected.  
No spline was needed for unknown samples. 
5) The Geochronology data reduction scheme was selected for processing geochronology data. 
6) Signal selection was performed on the unknown samples by changing the displayed signals in 
Iolite to the UPb raw age data and opening the ‘VizualAge’ tool in Iolite. Pb204 was displayed 
on the grey axis on the graphic window to identify natural lead contamination. By using a 
combination of live concordia diagrams, raw age data output and natural lead contamination in 
the graphic window, the signals of the unknown samples were narrowed to just the cleanest or 
most concordant part of the signals. 
7) The data were then processed by pressing the ‘CRUNCH DATA’ button in the main iolite 
window. Down-hole fractionation corrections were produced and were checked for any 
significant residual variation across the signals. (refer to Iolite Manual v3.4 section 3.4.1 – 
Downhole Fractionation Correction) 
8) The data were then output into excel spreadsheets and concordia diagrams were generated 
using the ___ excel plugin. 
 
Iolite data reduction (trace element) 
1) Iolite was opened (from Igor software), data were imported by selecting the folder containing 
the extracted .csv files for a mineral (silicate/oxides, monazite or apatite). 
2) The baseline signal was extracted from the signal by using the active selections tool, all 
samples listed were selected and the time range of the spline was the laser ‘hold time’ that 
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occurred prior to ‘cleaning’ – in this case the first 30 seconds were ‘hold time’. Baseline_1 was 
selected and a ‘step forward’ spline type was applied. 
3) A spline was applied to the standards used on the laser by using the active selections tool, all 
standards that needed to be splined were selected and the true signal portion of the data were 
selected. A smoothed 7 spline type was applied to both MAdel and ___ standards. 
4) An unknown selection was applied to all unknown samples by using the active selections 
tool, all unknown samples were selected and the true signal portion of the data were selected.  
No spline was needed for unknown samples. 
5) The Trace_Element_IS data reduction scheme was selected for processing trace element data 
of the minerals (refer to Iolite Manual v3.4 section 3.2 – Trace Element IS DRS). 
6) Signal selection was performed on the unknown samples by changing the displayed red and 
grey axis signals in Iolite to two elements that characterise a mineral (e.g. Ce and La in 
monazite, or Ca and P in apatite). By using the flattest, most consistent part of the element 
signal for a given mineral, the data of the unknown samples were narrowed to just the cleanest 
part of the mineral. This also assisted in determining where the laser may have ablated through a 
targeted grain into an unwanted grain. 
7) The data were then processed by pressing the ‘CRUNCH DATA’ button in the main iolite 
window. 
8) The data were then output into excel spreadsheets for organisation into different minerals (if 
silicate) and different samples. 
 
 Scanning Electron Microscope Analysis (SEM) 
Back scattered electron (BSE) images and MLA maps of each polished thin section were 
acquired with the use of a FEI Quanta 600 scanning electron microscope + MLA at Adelaide 
Microscopy, UofA. 
 
SEM preparatory protocols 
1) The SEM room was cleaned and set at a constant temperature. 
2) A notebook and clean pen was prepared for recording the location of thin sections on the 
sample tray. 
3) Gloves were put on, the thin sections were taken out of their storage box and placed on the 
table face up in the arrangement they will go into the SEM. This configuration was noted in the 
prepared notebook. 
4) The thin sections were then placed on the sample tray in the configuration written in the 
notebook, they were secured face-up (polished, exposed side up) with a small piece of carbon 
tape ~10 x 2.5 mm on the back of the thin section slide attached to the sample tray. 
5) The already carbon coated thin sections were then each attached to the frame of the sample 
tray with another small piece of carbon tape (approx. dimensions as above). The carbon coat 
was in contact with the carbon tape which was in contact with the frame on EACH thin section. 
i.e. the carbon coated thin section was connected to be in contact with the sample tray frame via 
carbon tape. 
6) The chamber inside the SEM apparatus was vented to restore normal atmospheric pressure in 
the chamber. 
7) The chamber was opened, the sample tray was placed inside the open chamber and secured 
with a screwdriver. The chamber was closed carefully to ensure nothing would hit the back-
scatter plate located at the top of the chamber. 
8) The chamber was then pumped to restore vacuum conditions. 
9) The sample tray was then raised to just below the 10mm line on the camera screen to set 
approximate working distance to 10mm.  
 
Petrographic Analyses 
Each sample underwent petrographic analysis to gain a mineralogical understanding and 
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produce a textural description of each sample. A Nikon optical microscope at the University of 
Adelaide was used along with the pre-cut thin section samples. 
 
1) Thin sections were observed using a transmitted light microscope fitted with a cross-
polarising lens. 
2) Each thin section was observed separately to establish the dominant silicate and oxide 
minerals in each sample. 
3) Modal proportions of these silicate and oxide minerals were estimated in each sample to use 
as evidence for approximate mineral stability.  
4) Textural relationships were identified and noted to assist the identification of peak mineral 
assemblage and solid-state reaction relationships. 
5) BSE and MLA images were employed to locate accessory minerals such as apatite, monazite, 
xenotime and zircon in each thin section.  
6) The textural setting and style of accessory minerals (including any mineral contact, 
overgrowth, inclusion relationships) were identified to propose relationships involved in the 
growth or consumption of accessory phases. 
Initially, abundant silicates, aluminosilicates and oxides were searched for in each sample and 
described in terms of their spatial and temporal relationship with other minerals. This was done 
to establish a basic sequence of growth and establish a peak metamorphic assemblage for each 
sample. Apatite was then examined in each sample, noting what mineral(s) they were in contact 
with and noting the style of contact (temporal growth relationship). This was done to obtain a 
general understanding of apatite involving reactions in each sample.  
Once a basic understanding of the mineralogy and potential metamorphic reactions were 
obtained for the samples, a more detailed analysis of the thin sections could be undertaken. 
 
1) Minerals that are chemically similar or possess common elements with accessory minerals 
were identified for each of the four accessory minerals. 
2) EPMA and LA-ICP-MS data on accessory minerals (monazite and apatite) and relevant 
silicate minerals were compiled for analysis. 
3) Literature regarding known metamorphic reactions between accessory and other minerals 
was searched for, identified and collated. 
4) Petrographic analyses were continued in further detail in order to propose reactions involving 
accessory minerals. This was done in collaboration with published reactions from literature and 
trace/major element data in both silicate and accessory minerals. 
 
Modal Analyses of Thin Sections 
Modal proportion analyses of apatite, monazite, xenotime & zircon were performed on each 
sample using the MLA and BSE output images and Adobe Photoshop CS6 software package.  
Back scattered electron (BSE) image maps and mineral liberation analysis (MLA) maps 
(Appendix D) of each polished thin section were acquired using a FEI Quanta 600 scanning 
electron microscope at Adelaide Microscopy.  BSE maps were acquired for reference in 
petrography, LA–ICP–MS and EPMA.  BSE and MLA maps show the location of accessory 
minerals and were used to estimate their abundance in thin section. 
 
1) A mineral was selected for modal proportion analysis. 
2) MLA images of the relevant minerals along with the original BSE images were loaded into 
Photoshop.  
3) The select tool was used to select the rock within each BSE image.  
4) The pixel counting histogram was used to calculate the total number of pixels in the thin 
section (Ptn). 
5) Select -> Color Range tool was used on the MLA images to select a particular mineral. 
6) The pixel counting histogram was used again to calculate the number of pixels occupied by 
said mineral (Pmn). 
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7) Modal proportion for said mineral was defined as:  
Mod (mineral) % = (Pmn / Ptn) * 100 
This gave the measured surface area of a mineral relative to the total mineral surface area. 
Unfortunately, the method assumes each thin section is representative of the rock and was 
therefore susceptible to systematic misrepresentation due to variations in the orientation of the 
thin section slice. For example, some minerals have a preferred orientation and will occur more 
(or less) frequently on a 2D plane in some orientations. The ‘occurrence count’ and ‘line-
intercept count’ methods could also estimate modal proportions but they do not consider the 
size of the grains. 
Once the modal proportion analyses were completed, the raw data was processed into excel 
graph format for presenting. 
 
1) The data for all the minerals with estimated modal proportions was compiled into an excel 
spreadsheet. 
2) The data was subdivided into two categories; metapelitic composition and metapsammitic 
composition. 
2) A standard point scatter plot was selected to present all the data of accessory minerals. 
3) Sample name/number was selected for the X-axis and ordered in metamorphic grade (i.e. 
lowest-grade sample on the left and highest-grade sample on the right). Modal proportion in % 
units was selected for the Y-axis. 
4) Modal proportion data for each mineral in each sample was then applied to the graph, with a 
different graph for each composition and a different data series for each mineral. 
6) Trendlines were given to each series (mineral) to see the trend of a mineral through grade. 
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APPENDIX B: WHOLE ROCK GEOCHEMISTRY 

 

 

Figure B1: Trace element whole rock geochemistry spider diagram (ppm) 

 
Figure B2: Major element whole rock geochemistry spider diagram (wt%) 
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APPENDIX C: GEOCHRONOLOGY 

 

 
 
The distribution of all geochronology results on samples (excluding the discordant 
analyses) are plotted on the above distribution histogram. There are a few > c. 1820 Ma 
analyses that are concordant and therefore likely detrital, however the majority of these 
are in the low-grade samples of 31J and 31A. The majority >50 analyses plot around the 
c. 1775-1785 Ma age results, implying the majority of monazite grains are 
metamorphic. 
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APPENDIX D: BSES AND MLAS 
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APPENDIX E: EPMA DATA 

LA-ICP-MS is not included in tables here as data size is too high. Contact the author for 
the raw data in tabular format. 
 
 
 
Section 1: Apatite Probe Data 
 
Section 2: Monazite Probe Data 
 
Section 3: Silicate Mineral Probe Data 
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  SAMPLE 
     
CaO 

     
MgO 

    
TiO2 

    
SiO2 

   
Al2O3 

     
FeO 

     
MnO 

      
Cl 

       
F 

   
La2O3 

   
Ce2O3 

   
Nd2O3 

     
K2O 

    
P2O5 

    
Na2O 

    
Y2O3        O 

   
TOTAL 

STF26A Ap 52.80 0.09 0.03 0.45 0.33 1.78 0.12 0.03 3.85 0.00 0.10 0.14 0.01 35.18 0.06 0.13 -1.63 93.48 
STF26A Ap 53.30 0.08 0.01 0.28 0.11 0.97 0.20 0.00 3.63 0.00 0.04 0.17 0.01 35.62 0.10 0.13 -1.53 93.13 
STF26A Ap 53.09 0.08 0.00 0.35 0.68 0.95 0.13 0.02 3.78 0.00 0.05 0.12 0.01 35.20 0.15 0.12 -1.60 93.18 
STF26A Ap 53.65 0.09 0.00 0.14 0.04 0.63 0.07 0.01 3.64 0.02 0.09 0.14 0.03 35.90 0.16 0.16 -1.54 93.23 
STF26A Ap 54.63 0.06 0.01 0.09 0.01 0.71 0.13 0.00 3.85 0.00 0.05 0.16 0.00 35.01 0.10 0.21 -1.62 93.42 
STF26A Ap 53.74 0.03 0.00 0.42 0.00 0.72 0.20 0.01 3.45 0.00 0.04 0.17 0.00 35.57 0.08 0.16 -1.45 93.16 
STF26A Ap 53.92 0.01 0.00 0.12 0.00 0.72 0.09 0.00 3.54 0.00 0.10 0.14 0.00 35.64 0.10 0.18 -1.49 93.12 
STF26A Ap 54.27 0.03 0.00 0.21 0.00 0.99 0.16 0.02 3.77 0.00 0.05 0.18 0.00 35.23 0.07 0.17 -1.59 93.60 
STF26A Ap 48.94 0.29 0.00 0.14 0.02 0.67 0.10 0.33 3.38 0.00 0.05 0.14 0.05 34.59 4.60 0.17 -1.50 92.37 
STF26A Ap 53.41 0.07 0.00 0.09 0.00 0.81 0.21 0.00 3.72 0.00 0.09 0.22 0.01 35.87 0.07 0.18 -1.57 93.21 
STF26A Ap 44.29 1.71 0.01 4.10 2.85 6.75 0.14 0.01 3.10 0.00 0.08 0.16 0.01 31.72 0.09 0.14 -1.31 93.88 
STF26A Ap 54.10 0.04 0.00 0.87 0.03 0.78 0.21 0.00 3.63 0.00 0.14 0.18 0.00 35.38 0.10 0.15 -1.53 94.10 
STF26A Ap 54.17 0.07 0.00 0.29 0.00 0.78 0.04 0.02 3.55 0.00 0.09 0.15 0.01 36.16 0.10 0.21 -1.50 94.16 
STF26A Ap 54.11 0.05 0.00 0.12 0.02 0.65 0.18 0.00 3.74 0.00 0.07 0.12 0.01 36.34 0.16 0.15 -1.57 94.19 
STF26A Ap 54.47 0.07 0.00 0.13 0.00 0.95 0.13 0.00 4.25 0.01 0.07 0.17 0.00 35.42 0.06 0.17 -1.79 94.10 
STF26A Ap 54.18 0.09 0.00 0.13 0.03 0.78 0.09 0.01 3.76 0.00 0.08 0.15 0.03 36.00 0.09 0.17 -1.58 94.05 
STF26A Ap 54.90 0.10 0.00 0.11 0.00 0.86 0.21 0.01 3.42 0.00 0.02 0.17 0.02 36.62 0.19 0.18 -1.44 95.36 
STF26A Ap 55.12 0.14 0.00 0.14 0.02 0.71 0.18 0.00 3.34 0.00 0.10 0.17 0.00 36.65 0.15 0.17 -1.41 95.47 
STF26A Ap 54.17 0.50 0.02 0.22 0.00 1.05 0.14 0.00 3.05 0.00 0.05 0.13 0.01 36.94 0.10 0.11 -1.28 95.23 
STF26A Ap 1.84 2.71 0.00 7.08 9.61 4.20 0.00 0.02 0.61 12.98 29.39 13.20 0.13 24.03 0.16 2.39 -0.26 108.09 
STF26A Ap 53.96 0.11 0.04 0.20 0.03 0.62 0.09 0.02 3.82 0.04 0.12 0.16 0.03 35.52 0.09 0.15 -1.61 93.46 
STF26A Ap 53.57 0.07 0.00 0.09 0.00 0.75 0.13 0.03 3.64 0.00 0.11 0.19 0.02 35.88 0.08 0.18 -1.54 93.23 
STF26A Ap 53.38 0.09 0.00 0.12 0.12 0.92 0.05 0.00 3.59 0.04 0.19 0.16 0.02 35.85 0.06 0.16 -1.51 93.39 
STF26A Ap 54.29 0.08 0.00 0.12 0.00 0.84 0.20 0.00 3.37 0.00 0.05 0.13 0.00 35.81 0.09 0.22 -1.42 93.81 
STF26A Ap 53.36 0.08 0.01 0.09 0.00 1.04 0.22 0.00 3.62 0.01 0.12 0.15 0.00 35.88 0.06 0.16 -1.52 93.35 
STF26A Ap 54.11 0.06 0.00 0.11 0.00 1.04 0.08 0.00 3.68 0.00 0.09 0.15 0.01 36.64 0.09 0.18 -1.55 94.69 
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STF26A Ap 53.44 0.02 0.00 0.18 0.00 0.90 0.21 0.00 3.84 0.00 0.04 0.16 0.02 36.41 0.08 0.19 -1.62 93.88 
STF26A Ap 55.08 0.09 0.00 0.11 0.00 0.69 0.25 0.00 3.45 0.00 0.06 0.18 0.00 36.99 0.13 0.16 -1.45 95.73 
STF26A Ap 53.37 0.07 0.00 0.12 0.01 0.78 0.20 0.00 3.77 0.00 0.05 0.17 0.01 36.83 0.11 0.17 -1.59 94.11 
STF26A Ap 54.21 0.07 0.00 0.18 0.02 0.95 0.09 0.00 3.79 0.00 0.06 0.14 0.00 36.88 0.06 0.16 -1.60 95.06 
STF26A Ap 49.29 7.35 0.00 0.06 0.00 1.48 0.08 0.00 4.62 0.02 0.09 0.17 0.00 36.88 0.07 0.15 -1.95 98.36 
STF26A Ap 54.47 0.05 0.01 0.10 0.02 0.47 0.15 0.02 4.08 0.00 0.04 0.16 0.00 36.93 0.09 0.19 -1.72 95.12 
STF26A Ap 52.84 0.10 0.00 0.12 0.00 0.81 0.16 0.01 3.75 0.00 0.06 0.14 0.02 36.51 0.12 0.14 -1.58 93.24 
STF26A Ap 53.07 0.10 0.00 0.10 0.08 0.73 0.11 0.00 3.75 0.04 0.10 0.14 0.00 36.15 0.10 0.13 -1.58 93.04 
STF26A Ap 53.09 0.10 0.00 0.06 0.00 0.63 0.19 0.00 3.99 0.00 0.07 0.18 0.00 36.45 0.13 0.20 -1.68 93.44 
STF26A Ap 53.56 0.12 0.01 0.12 0.00 0.75 0.12 0.00 3.91 0.00 0.10 0.14 0.01 35.88 0.08 0.21 -1.65 93.36 
STF26A Ap 53.29 0.13 0.00 0.20 0.01 0.93 0.17 0.02 3.83 0.00 0.04 0.18 0.01 36.84 0.08 0.19 -1.62 94.35 
STF26A Ap 53.79 0.08 0.01 0.26 0.01 0.86 0.13 0.00 4.18 0.00 0.02 0.18 0.00 36.78 0.08 0.16 -1.76 94.81 
STF26A Ap 54.64 0.05 0.00 0.22 0.04 0.25 0.00 0.00 3.88 0.00 0.04 0.16 0.06 36.39 0.06 0.20 -1.64 94.36 
STF26A Ap 55.14 0.07 0.00 0.17 0.01 0.36 0.04 0.00 3.80 0.00 0.07 0.18 0.00 37.52 0.14 0.17 -1.60 96.08 
STF26A Ap 54.72 0.08 0.00 0.36 0.37 0.27 0.00 0.00 3.83 0.00 0.03 0.16 0.04 34.80 0.04 0.19 -1.61 93.29 
STF26A Ap 54.02 0.04 0.01 0.19 0.00 0.29 0.00 0.01 3.56 0.00 0.09 0.18 0.00 37.19 0.07 0.12 -1.50 94.27 
STF26A Ap 27.11 0.12 0.00 34.68 9.22 0.32 0.00 0.04 0.93 0.03 0.11 0.14 0.11 20.19 0.18 0.18 -0.40 93.16 
STF26A Ap 54.96 0.00 0.01 0.09 0.01 0.13 0.19 0.04 3.45 0.00 0.03 0.13 0.01 36.79 0.04 0.09 -1.46 94.52 
STF26A Ap 55.35 0.00 0.00 0.08 0.02 0.12 0.10 0.02 3.55 0.01 0.05 0.14 0.00 37.49 0.06 0.10 -1.50 95.59 
STF26A Ap 54.12 0.00 0.01 0.07 0.01 0.10 0.24 0.03 3.82 0.00 0.00 0.13 0.01 37.50 0.11 0.10 -1.62 94.65 
STF26A Ap 55.35 0.00 0.00 0.15 0.01 0.22 0.32 0.04 3.65 0.00 0.04 0.13 0.00 37.18 0.04 0.06 -1.55 95.63 
STF26A Ap 53.17 0.02 0.00 1.43 0.26 0.27 0.29 0.05 3.60 0.02 0.06 0.16 0.03 36.60 0.08 0.12 -1.53 94.63 
STF26A Ap 55.37 0.00 0.00 0.05 0.01 0.23 0.11 0.04 3.65 0.00 0.00 0.15 0.00 37.24 0.00 0.11 -1.55 95.41 
STF26A Ap 55.28 0.02 0.00 0.08 0.02 0.24 0.17 0.03 3.59 0.00 0.02 0.11 0.01 37.18 0.05 0.10 -1.52 95.39 
STF26A Ap 54.97 0.01 0.00 0.12 0.34 0.39 0.27 0.01 3.17 0.00 0.02 0.08 0.01 37.32 0.03 0.14 -1.34 95.56 
STF26A Ap 55.42 0.00 0.00 0.04 0.01 0.28 0.23 0.01 3.63 0.00 0.08 0.15 0.00 37.44 0.06 0.11 -1.53 95.94 
STF26A Ap 18.96 0.09 0.00 1.73 26.57 0.13 0.04 0.03 2.21 0.00 0.00 0.14 0.10 19.27 0.22 0.08 -0.94 68.66 
STF26A Ap 55.40 0.02 0.00 0.10 0.23 0.08 0.11 0.00 3.62 0.00 0.00 0.08 0.00 36.56 0.04 0.13 -1.52 94.87 
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STF26A Ap 55.23 0.00 0.00 0.11 0.02 0.49 0.16 0.03 3.76 0.00 0.08 0.13 0.00 37.02 0.06 0.13 -1.59 95.64 
STF26A Ap 56.34 0.04 0.00 0.10 0.00 0.38 0.21 0.03 3.38 0.00 0.00 0.10 0.01 36.98 0.08 0.17 -1.43 96.40 
STF26A Ap 55.19 0.01 0.00 0.17 0.02 0.39 0.15 0.05 3.52 0.00 0.04 0.13 0.05 37.55 0.03 0.09 -1.49 95.88 
STF26A Ap 0.03 0.00 0.00 61.56 17.91 0.19 0.00 0.02 0.00 0.00 0.04 0.04 14.88 0.09 1.67 0.00 0.00 96.60 
STF26A Ap 52.68 0.03 0.01 0.38 1.60 0.47 0.12 0.02 3.61 0.00 0.08 0.15 0.06 37.10 0.03 0.13 -1.53 95.00 
STF26A Ap 55.11 0.02 0.00 0.09 0.07 0.36 0.11 0.01 4.04 0.00 0.04 0.10 0.00 37.62 0.06 0.11 -1.70 96.06 
STF26A Ap 55.33 0.05 0.00 0.06 0.01 0.34 0.23 0.00 3.76 0.00 0.01 0.12 0.03 37.71 0.11 0.10 -1.58 96.27 
STF26A Ap 54.46 0.05 0.01 0.05 0.02 0.56 0.24 0.00 4.13 0.00 0.07 0.12 0.04 38.24 0.08 0.09 -1.74 96.57 
STF26A Ap 0.21 5.89 2.33 49.27 19.40 13.91 0.03 0.01 0.38 0.00 0.00 0.07 5.06 0.01 0.16 0.00 -0.16 96.76 
ST16-19A Ap 53.54 0.07 0.01 0.24 0.03 0.63 0.15 0.00 3.32 0.00 0.06 0.18 0.18 37.37 0.03 0.06 -1.40 94.47 
ST16-19A Ap 51.84 0.13 0.00 0.83 0.54 0.81 0.17 0.00 3.38 0.00 0.06 0.12 0.05 36.69 0.06 0.18 -1.42 93.46 
ST16-19A Ap 53.62 0.05 0.00 0.12 0.01 0.88 0.10 0.01 3.30 0.00 0.11 0.17 0.00 36.77 0.06 0.15 -1.39 93.98 
ST16-19A Ap 53.96 0.04 0.00 0.16 0.01 0.62 0.25 0.00 3.14 0.00 0.03 0.15 0.00 37.16 0.08 0.17 -1.32 94.46 
ST16-19A Ap 53.21 0.05 0.00 0.23 0.23 0.75 0.19 0.01 3.39 0.00 0.07 0.09 0.01 36.95 0.04 0.13 -1.43 93.94 
ST16-19A Ap 51.53 0.15 0.00 0.75 0.60 1.25 0.35 0.00 3.31 0.00 0.00 0.17 0.00 35.49 0.14 0.20 -1.39 92.61 
ST16-19A Ap 53.42 0.06 0.00 0.14 0.01 0.61 0.42 0.02 3.15 0.00 0.05 0.12 0.00 36.16 0.09 0.13 -1.33 93.04 
ST16-19A Ap 53.14 0.07 0.01 0.15 0.00 0.61 0.21 0.00 3.26 0.00 0.02 0.13 0.02 37.73 0.08 0.14 -1.37 94.21 
ST16-19A Ap 52.83 0.10 0.00 0.30 1.01 0.53 0.27 0.03 3.10 0.00 0.04 0.12 0.00 36.11 0.07 0.13 -1.31 93.36 
ST16-19A Ap 52.65 0.09 0.00 0.12 0.00 0.53 0.24 0.00 3.28 0.00 0.05 0.14 0.01 36.83 0.09 0.17 -1.38 92.86 
ST16-19A Ap 53.49 0.06 0.00 0.04 0.00 0.65 0.23 0.01 3.34 0.00 0.05 0.16 0.00 37.69 0.12 0.13 -1.41 94.61 
ST16-19A Ap 53.74 0.00 0.01 0.09 0.00 0.54 0.16 0.00 3.31 0.00 0.10 0.12 0.00 38.01 0.08 0.13 -1.39 94.95 
ST16-19A Ap 54.29 0.05 0.01 0.08 0.00 0.74 0.31 0.02 3.37 0.00 0.07 0.15 0.03 37.23 0.03 0.20 -1.42 95.16 
ST16-19A Ap 53.93 0.08 0.01 0.14 0.05 0.76 0.10 0.01 3.52 0.00 0.05 0.13 0.01 37.37 0.10 0.17 -1.48 94.97 
ST16-19A Ap 53.75 0.02 0.00 0.22 0.12 0.42 0.28 0.01 3.52 0.00 0.07 0.18 0.01 37.05 0.09 0.16 -1.48 94.42 
ST16-19A Ap 0.06 0.00 0.02 61.16 17.58 0.00 0.00 0.00 0.00 0.00 0.02 0.02 13.90 0.08 2.19 0.05 0.00 95.24 
ST16-19A Ap 54.05 0.06 0.00 0.10 0.01 0.42 0.21 0.00 3.23 0.00 0.05 0.16 0.00 37.26 0.07 0.17 -1.36 94.45 
ST16-19A Ap 53.87 0.07 0.00 0.10 0.01 0.79 0.24 0.01 3.36 0.00 0.03 0.13 0.00 37.13 0.07 0.18 -1.42 94.67 
ST16-19A Ap 53.36 0.13 0.01 0.50 0.36 0.46 0.09 0.00 3.49 0.00 0.04 0.09 0.04 37.36 0.06 0.15 -1.47 94.69 
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ST16-19A Ap 53.93 0.09 0.01 0.06 0.04 0.66 0.44 0.01 3.38 0.00 0.04 0.13 0.00 36.95 0.04 0.14 -1.43 94.48 
ST16-19A Ap 53.50 0.07 0.00 0.09 0.00 0.44 0.25 0.00 3.25 0.00 0.03 0.12 0.00 36.26 0.07 0.15 -1.37 92.88 
ST16-19A Ap 54.35 0.09 0.00 0.06 0.00 0.33 0.14 0.00 3.54 0.00 0.02 0.09 0.01 37.50 0.11 0.14 -1.49 94.88 
ST16-19A Ap 53.69 0.05 0.00 0.10 0.00 0.80 0.31 0.00 3.39 0.00 0.05 0.13 0.00 37.05 0.08 0.18 -1.43 94.41 
ST16-19A Ap 53.01 0.07 0.01 0.47 0.29 0.49 0.37 0.01 3.35 0.00 0.01 0.12 0.02 36.59 0.07 0.14 -1.41 93.61 
ST16-19A Ap 53.96 0.07 0.00 0.16 0.00 0.58 0.35 0.00 3.41 0.00 0.04 0.13 0.00 37.04 0.07 0.13 -1.43 94.51 
ST16-19A Ap 54.16 0.04 0.00 0.11 0.02 0.76 0.25 0.01 3.44 0.00 0.03 0.19 0.00 36.79 0.07 0.15 -1.45 94.59 
ST16-19A Ap 52.39 0.09 0.00 0.09 0.04 0.76 0.33 0.00 3.70 0.02 0.04 0.14 0.02 38.45 0.05 0.17 -1.56 94.77 
ST16-19A Ap 53.50 0.06 0.00 0.10 0.00 0.56 0.28 0.00 3.66 0.00 0.05 0.11 0.01 37.39 0.08 0.17 -1.54 94.41 
ST16-19A Ap 45.66 0.16 0.00 3.31 2.82 1.47 0.05 0.05 3.67 0.01 0.09 0.14 0.11 28.19 0.06 0.14 -1.56 84.45 
ST16-19A Ap 53.30 0.08 0.00 0.16 0.00 0.68 0.24 0.00 3.53 0.01 0.05 0.15 0.01 37.17 0.08 0.14 -1.49 94.12 
ST16-19A Ap 53.18 0.08 0.01 0.13 0.00 0.31 0.29 0.01 3.50 0.00 0.05 0.12 0.00 35.82 0.10 0.19 -1.47 92.35 
ST16-19A Ap 53.10 0.04 0.00 0.07 0.00 0.56 0.42 0.00 3.60 0.00 0.05 0.13 0.01 37.98 0.03 0.16 -1.51 94.64 
ST16-19A Ap 54.34 0.05 0.00 0.09 0.00 0.51 0.28 0.01 3.54 0.01 0.07 0.18 0.00 36.69 0.05 0.13 -1.50 94.49 
ST16-19A Ap 53.15 0.06 0.00 0.09 0.00 0.43 0.35 0.00 3.61 0.00 0.07 0.15 0.01 36.84 0.08 0.23 -1.52 93.60 
ST16-19A Ap 53.24 0.02 0.00 0.09 0.02 0.20 0.26 0.02 3.68 0.00 0.07 0.14 0.00 36.64 0.11 0.16 -1.55 93.13 
ST16-19A Ap 51.98 0.03 0.01 0.08 0.00 1.15 0.19 0.02 3.63 0.00 0.02 0.16 0.01 35.88 0.02 0.18 -1.53 91.90 
ST16-19A Ap 52.51 0.06 0.00 0.33 0.26 0.51 0.27 0.02 4.12 0.02 0.04 0.17 0.00 35.71 0.07 0.13 -1.74 92.52 
ST16-19A Ap 51.56 0.03 0.00 0.17 0.01 0.70 0.31 0.01 3.62 0.02 0.06 0.18 0.02 36.70 0.05 0.15 -1.52 92.08 
ST16-19A Ap 49.91 0.18 0.01 0.84 4.05 1.22 0.25 0.01 4.03 0.00 0.04 0.11 0.08 31.72 0.08 0.14 -1.70 91.14 
ST16-19A Ap 0.21 7.29 2.43 33.90 18.43 22.67 0.00 0.04 0.54 0.00 0.00 0.09 8.81 0.04 0.15 0.00 -0.24 94.60 
STF04A Ap 55.02 0.02 0.00 0.22 0.01 0.22 0.07 0.03 3.52 0.00 0.04 0.08 0.01 36.60 0.04 0.17 -1.49 94.64 
STF04A Ap 55.26 0.00 0.00 0.23 0.01 0.17 0.15 0.00 3.41 0.00 0.02 0.12 0.01 37.12 0.03 0.16 -1.44 95.62 
STF04A Ap 55.51 0.02 0.00 0.28 0.06 0.06 0.07 0.00 2.96 0.00 0.01 0.13 0.01 37.08 0.06 0.11 -1.25 95.30 
STF04A Ap 55.06 0.00 0.01 0.24 0.04 0.24 0.04 0.00 3.27 0.00 0.02 0.10 0.01 37.15 0.04 0.13 -1.38 95.09 
STF04A Ap 53.39 0.00 0.00 0.31 0.26 0.20 0.00 0.02 2.64 0.00 0.05 0.13 0.00 37.26 0.06 0.14 -1.12 93.75 
STF04A Ap 55.13 0.00 0.00 0.18 0.02 0.14 0.00 0.01 3.29 0.00 0.04 0.09 0.02 36.19 0.00 0.15 -1.39 94.09 
STF04A Ap 55.58 0.00 0.01 0.18 0.04 0.05 0.00 0.00 3.44 0.00 0.04 0.13 0.02 36.73 0.04 0.11 -1.45 95.12 
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STF04A Ap 55.15 0.00 0.00 0.12 0.02 0.19 0.03 0.00 3.19 0.00 0.01 0.07 0.00 36.93 0.00 0.08 -1.34 94.62 
STF04A Ap 55.69 0.00 0.00 0.18 0.02 0.09 0.06 0.03 3.29 0.00 0.06 0.11 0.00 36.84 0.02 0.12 -1.39 95.11 
STF04A Ap 4.94 0.00 0.00 59.82 23.88 0.22 0.03 0.02 0.00 0.00 0.02 0.05 0.07 0.05 8.87 0.00 0.00 98.12 
STF04A Ap 54.12 0.00 0.01 0.36 0.02 0.14 0.10 0.01 3.17 0.00 0.08 0.16 0.04 36.32 0.02 0.32 -1.34 93.58 
STF04A Ap 54.13 0.00 0.00 0.32 0.06 0.08 0.04 0.03 3.12 0.00 0.01 0.14 0.00 37.18 0.02 0.30 -1.32 94.27 
STF04A Ap 54.63 0.00 0.00 0.32 0.00 0.12 0.14 0.03 3.31 0.00 0.15 0.18 0.01 38.09 0.00 0.28 -1.40 95.86 
STF04A Ap 55.04 0.00 0.00 0.38 0.05 0.11 0.07 0.01 3.12 0.00 0.15 0.15 0.01 36.22 0.00 0.30 -1.32 94.30 
STF04A Ap 54.71 0.00 0.00 0.33 0.01 0.08 0.17 0.03 3.19 0.00 0.06 0.18 0.00 37.09 0.07 0.38 -1.35 94.96 
STF04A Ap 54.90 0.00 0.00 0.26 0.00 0.00 0.01 0.00 3.08 0.00 0.10 0.14 0.02 37.39 0.02 0.25 -1.30 94.86 
STF04A Ap 55.10 0.00 0.00 0.25 0.04 0.07 0.11 0.04 3.16 0.01 0.10 0.15 0.00 36.60 0.09 0.29 -1.34 94.68 
STF04A Ap 55.62 0.01 0.00 0.35 0.05 0.06 0.00 0.01 3.22 0.00 0.12 0.13 0.00 37.24 0.01 0.25 -1.36 95.70 
STF04A Ap 54.87 0.00 0.00 0.41 0.21 0.00 0.00 0.04 3.01 0.01 0.09 0.14 0.01 35.49 0.05 0.33 -1.28 93.38 
STF04A Ap 3.70 0.60 0.19 42.32 26.01 1.38 1.53 0.14 0.42 0.00 0.06 0.07 3.21 3.56 3.87 0.00 -0.21 87.23 
STF04A Ap 54.35 0.00 0.00 0.73 0.58 0.05 0.06 0.03 3.84 0.00 0.09 0.12 0.09 35.38 0.10 0.38 -1.62 94.19 
STF04A Ap 54.55 0.06 0.00 0.19 0.03 0.18 0.22 0.02 3.31 0.00 0.09 0.15 0.02 37.83 0.04 0.20 -1.40 95.51 
STF04A Ap 55.39 0.03 0.00 0.31 0.47 0.05 0.00 0.01 2.84 0.00 0.08 0.06 0.03 36.10 0.03 0.16 -1.20 94.43 
STF04A Ap 54.56 0.00 0.00 0.11 0.00 0.09 0.01 0.05 3.17 0.00 0.05 0.10 0.00 36.63 0.03 0.20 -1.35 93.69 
STF04A Ap 54.24 0.00 0.00 0.17 0.00 0.02 0.13 0.03 3.24 0.00 0.06 0.12 0.00 37.58 0.07 0.21 -1.37 94.54 
STF04A Ap 55.33 0.01 0.00 0.10 0.03 0.10 0.20 0.05 3.29 0.00 0.08 0.10 0.01 37.27 0.08 0.17 -1.40 95.43 
STF04A Ap 54.98 0.00 0.00 0.16 0.00 0.13 0.05 0.04 3.15 0.00 0.07 0.12 0.00 37.42 0.03 0.19 -1.34 95.02 
STF04A Ap 56.07 0.00 0.00 0.19 0.03 0.02 0.06 0.03 3.22 0.00 0.00 0.14 0.02 36.02 0.03 0.16 -1.36 94.65 
STF04A Ap 49.71 0.01 0.01 0.41 6.16 0.09 0.16 0.01 3.89 0.00 0.04 0.11 0.12 33.33 0.04 0.10 -1.64 92.58 
STF04A Ap 0.19 0.97 1.23 53.20 27.08 1.63 0.00 0.06 0.00 0.00 0.05 0.03 7.61 0.04 0.31 0.02 -0.01 92.60 
STF04A Ap 54.47 0.01 0.01 0.21 0.42 0.04 0.11 0.03 4.01 0.00 0.02 0.07 0.00 37.01 0.04 0.07 -1.69 94.87 
STF04A Ap 52.76 0.02 0.01 0.16 0.51 0.18 0.00 0.00 3.48 0.00 0.00 0.07 0.01 36.34 0.08 0.04 -1.47 92.21 
STF04A Ap 54.86 0.00 0.00 0.02 0.00 0.00 0.00 0.00 3.69 0.01 0.06 0.04 0.03 37.56 0.03 0.06 -1.55 94.91 
STF04A Ap 55.17 0.00 0.00 0.02 0.00 0.00 0.05 0.00 3.98 0.00 0.05 0.06 0.00 37.48 0.00 0.04 -1.68 95.20 
STF04A Ap 54.81 0.04 0.00 0.11 0.08 0.20 0.07 0.02 3.62 0.00 0.04 0.06 0.04 35.80 0.07 0.08 -1.53 93.53 
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STF04A Ap 54.77 0.00 0.00 0.02 0.00 0.00 0.00 0.00 3.48 0.00 0.03 0.07 0.01 36.01 0.04 0.06 -1.47 93.10 
STF04A Ap 55.40 0.00 0.00 0.06 0.03 0.07 0.05 0.01 3.64 0.00 0.01 0.06 0.00 36.33 0.04 0.06 -1.53 94.22 
STF04A Ap 55.40 0.00 0.00 0.06 0.00 0.00 0.15 0.00 3.76 0.00 0.03 0.08 0.03 36.53 0.02 0.06 -1.58 94.57 
STF04A Ap 53.33 0.00 0.00 0.11 0.08 0.00 0.00 0.02 3.69 0.00 0.04 0.10 0.01 37.29 0.12 0.06 -1.56 93.30 
STF04A Ap 7.38 0.18 0.00 57.75 6.41 2.15 0.00 0.20 0.43 0.00 0.02 0.07 0.20 7.44 0.66 0.00 -0.23 83.62 
STF16A Ap 53.40 0.01 0.01 0.10 0.02 0.32 0.21 0.02 3.55 0.00 0.00 0.08 0.07 34.72 0.04 0.11 -1.50 91.17 
STF16A Ap 53.01 0.01 0.00 0.16 0.03 0.25 0.42 0.04 3.89 0.00 0.03 0.12 0.09 35.10 0.09 0.13 -1.65 91.78 
STF16A Ap 52.37 0.04 0.00 0.20 0.61 0.28 0.51 0.00 4.09 0.00 0.07 0.05 0.03 33.73 0.06 0.07 -1.72 90.50 
STF16A Ap 53.84 0.02 0.02 0.07 0.03 0.26 0.31 0.01 3.35 0.00 0.01 0.15 0.02 34.95 0.06 0.08 -1.41 91.81 
STF16A Ap 52.11 0.27 0.00 0.09 0.05 0.36 0.34 0.00 3.67 0.00 0.07 0.11 0.01 34.80 0.13 0.09 -1.55 90.61 
STF16A Ap 52.85 0.05 0.00 0.08 0.06 0.32 0.39 0.00 3.62 0.03 0.06 0.11 0.02 34.63 0.16 0.10 -1.52 90.95 
STF16A Ap 51.50 0.04 0.00 0.03 0.05 0.41 0.28 0.03 4.09 0.00 0.00 0.11 0.04 41.35 0.09 0.10 -1.73 96.40 
STF16A Ap 53.22 0.04 0.00 0.06 0.04 0.30 0.36 0.02 3.71 0.03 0.05 0.11 0.03 42.55 0.09 0.11 -1.57 99.15 
STF16A Ap 53.11 0.02 0.00 0.12 0.00 0.33 0.41 0.00 3.68 0.00 0.00 0.13 0.00 43.22 0.04 0.12 -1.55 99.63 
STF16A Ap 53.23 0.04 0.00 0.04 0.01 0.33 0.35 0.02 3.64 0.00 0.06 0.17 0.01 42.47 0.14 0.11 -1.54 99.13 
STF16A Ap 52.17 0.04 0.00 0.04 0.02 0.25 0.38 0.01 3.75 0.00 0.02 0.11 0.00 43.12 0.10 0.07 -1.58 98.51 
STF16A Ap 52.67 0.06 0.00 0.05 0.02 0.23 0.43 0.01 3.73 0.00 0.00 0.08 0.00 43.21 0.09 0.09 -1.58 99.11 
STF16A Ap 52.68 0.03 0.00 0.11 0.10 0.33 0.48 0.00 3.88 0.00 0.02 0.15 0.01 42.28 0.19 0.10 -1.63 98.71 
STF16A Ap 51.42 0.02 0.01 0.10 0.09 0.38 0.37 0.02 3.07 0.00 0.06 0.08 0.03 42.44 0.05 0.13 -1.30 97.02 
STF16A Ap 13.55 0.14 0.00 1.11 60.90 0.19 0.09 0.08 0.60 0.00 0.02 0.14 0.11 12.60 0.32 0.08 -0.27 89.66 
STF16A Ap 51.56 0.02 0.00 0.31 0.85 0.09 0.20 0.01 4.78 0.01 0.06 0.09 0.10 39.39 0.03 0.08 -2.01 95.57 
STF16A Ap 0.50 0.01 0.00 68.75 13.09 0.08 0.00 0.05 0.16 0.00 0.03 0.07 4.63 0.23 2.16 0.02 -0.08 89.78 
STF16A Ap 53.04 0.02 0.00 0.18 0.03 0.33 0.28 0.01 4.15 0.00 0.08 0.12 0.05 42.86 0.06 0.15 -1.75 99.61 
STF16A Ap 22.62 0.66 0.00 1.77 40.01 0.89 0.00 0.09 2.09 0.00 0.06 0.10 0.19 15.48 0.21 0.12 -0.90 83.42 
STF16A Ap 52.85 0.08 0.00 0.34 1.36 0.30 0.26 0.02 4.45 0.00 0.04 0.12 0.06 39.71 0.17 0.13 -1.88 98.11 
STF16A Ap 11.30 0.19 0.00 1.62 68.58 0.35 0.02 0.09 0.96 0.00 0.01 0.10 0.09 4.59 0.18 0.10 -0.42 87.91 
STF16A Ap 51.74 0.04 0.01 0.20 2.33 0.46 0.28 0.02 4.02 0.00 0.06 0.11 0.01 40.86 0.12 0.12 -1.70 98.67 
STF16A Ap 52.23 0.04 0.00 0.30 0.41 0.50 0.26 0.00 4.07 0.00 0.05 0.08 0.08 42.62 0.03 0.13 -1.72 99.13 
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STF16A Ap 53.08 0.00 0.00 0.04 0.02 0.14 0.35 0.04 3.46 0.00 0.08 0.10 0.02 43.05 0.03 0.14 -1.46 99.14 
STF16A Ap 52.91 0.00 0.01 0.12 0.06 0.70 0.48 0.00 3.82 0.00 0.04 0.12 0.10 43.58 0.03 0.11 -1.61 100.51 
STF16A Ap 51.90 0.03 0.00 0.23 0.12 0.26 0.28 0.00 4.33 0.02 0.03 0.11 0.18 43.21 0.07 0.08 -1.82 99.05 
STF16A Ap 53.70 0.02 0.00 0.15 0.06 0.20 0.31 0.02 4.08 0.00 0.08 0.13 0.08 43.55 0.13 0.09 -1.72 100.87 
STF16A Ap 53.28 0.03 0.01 0.17 0.06 0.40 0.22 0.00 3.48 0.00 0.05 0.10 0.03 43.06 0.03 0.11 -1.47 99.59 
STF16A Ap 52.17 0.02 0.00 0.15 0.45 0.17 0.16 0.05 3.00 0.00 0.03 0.08 0.09 42.27 0.08 0.08 -1.28 97.55 
STF16A Ap 51.67 0.06 0.01 0.16 0.10 0.44 0.33 0.05 3.67 0.00 0.09 0.14 0.06 41.80 0.27 0.11 -1.56 97.44 
STF16A Ap 26.64 0.09 0.00 50.16 6.14 1.08 0.05 0.08 1.12 0.00 0.03 0.10 0.06 15.60 0.20 0.08 -0.49 101.03 
STF16A Ap 51.07 0.03 0.01 0.59 1.03 0.07 0.27 0.02 4.54 0.00 0.08 0.14 0.00 40.73 0.14 0.06 -1.92 96.92 
STF16A Ap 52.92 0.01 0.00 0.04 0.01 0.22 0.17 0.00 3.33 0.00 0.03 0.17 0.04 43.38 0.03 0.08 -1.40 99.08 
STF16A Ap 50.31 0.07 0.01 0.29 3.29 0.27 0.32 0.04 3.10 0.00 0.00 0.10 0.07 41.01 0.09 0.12 -1.31 97.76 
STF16A Ap 52.69 0.03 0.00 0.11 0.06 0.14 0.18 0.03 3.45 0.00 0.02 0.12 0.02 42.65 0.04 0.07 -1.46 98.20 
STF16A Ap 49.64 0.02 0.00 0.60 4.31 0.33 0.21 0.02 3.92 0.00 0.06 0.08 0.04 39.44 0.12 0.05 -1.65 97.28 
STF16A Ap 51.34 0.13 0.20 0.79 4.98 0.72 0.63 0.10 4.09 0.24 0.30 0.32 0.12 39.15 0.23 0.08 -1.75 101.81 
ST16-31J Ap 52.03 0.01 0.00 0.82 1.46 0.25 0.09 0.09 3.36 0.01 0.00 0.08 0.09 41.50 0.33 0.06 -1.44 98.81 
ST16-31J Ap 49.88 0.03 0.00 1.70 2.16 0.09 0.23 0.04 3.18 0.01 0.05 0.06 0.02 40.25 0.16 0.01 -1.35 96.56 
ST16-31J Ap 25.83 0.05 0.22 18.75 36.79 0.30 0.10 0.22 1.02 0.00 0.03 0.10 0.20 18.19 0.54 0.04 -0.48 102.14 
ST16-31J Ap 0.32 0.04 0.01 27.61 43.97 0.55 0.00 0.46 0.00 0.00 0.03 0.17 1.20 0.13 5.43 0.03 -0.10 80.08 
ST16-31J Ap 0.17 0.04 0.00 35.93 59.78 0.28 0.00 0.10 0.00 0.84 2.15 0.97 0.16 0.05 0.36 0.32 -0.02 101.23 
ST16-31J Ap 6.66 0.06 0.02 33.65 56.25 0.29 0.00 0.13 0.20 0.00 0.06 0.12 0.13 2.29 0.54 0.08 -0.11 100.50 
ST16-31J Ap 0.05 0.02 0.01 36.78 60.62 0.12 0.00 0.03 0.00 0.00 0.00 0.11 0.04 0.01 0.14 0.03 -0.01 98.01 
ST16-31J Ap 0.35 0.02 0.00 36.83 59.06 0.25 0.00 0.00 0.00 0.00 0.03 0.12 0.02 0.10 0.04 0.05 0.00 96.88 
ST16-31J Ap 54.53 0.00 0.01 0.13 0.10 0.19 0.20 0.01 2.68 0.00 0.04 0.11 0.01 43.50 0.00 0.05 -1.13 100.44 
ST16-31J Ap 53.65 0.00 0.00 0.23 0.15 0.19 0.27 0.00 2.98 0.00 0.04 0.10 0.00 44.26 0.01 0.02 -1.26 100.68 
ST16-31J Ap 51.88 0.01 0.00 2.13 0.13 0.06 0.04 0.02 2.19 0.00 0.03 0.08 0.01 43.14 0.02 0.02 -0.92 98.83 
ST16-31J Ap 52.30 0.02 0.00 0.44 0.12 0.29 0.22 0.03 2.85 0.00 0.14 0.18 0.00 42.84 0.05 0.07 -1.21 98.36 
ST16-31J Ap 35.44 0.10 0.00 14.71 26.65 0.78 0.11 0.04 2.73 0.00 0.07 0.15 0.17 25.86 0.22 0.05 -1.16 106.10 
ST16-31J Ap 0.15 0.00 0.00 36.80 59.67 0.28 0.00 0.03 0.00 0.00 0.02 0.06 0.02 0.00 0.00 0.00 -0.01 97.23 
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ST16-31J Ap 0.06 0.02 0.01 37.15 60.36 0.26 0.00 0.01 0.00 0.00 0.08 0.13 0.02 0.04 0.00 0.00 0.00 98.18 
ST16-31J Ap 13.56 0.03 0.02 28.55 52.08 0.18 0.00 0.00 0.33 0.00 0.01 0.08 0.00 8.87 0.03 0.03 -0.14 103.74 
ST16-31J Ap 0.19 0.01 0.01 35.85 58.59 0.27 0.00 0.00 0.00 0.00 0.00 0.08 0.02 0.00 0.02 0.06 0.00 95.10 
ST16-31J Ap 12.09 0.01 0.00 30.73 52.65 0.35 0.00 0.01 0.21 0.00 0.05 0.13 0.00 8.12 0.03 0.07 -0.09 104.44 
ST16-31J Ap 5.53 0.93 0.00 30.29 13.38 3.85 0.03 0.10 1.24 0.00 0.01 0.11 1.88 9.30 0.95 0.07 -0.54 67.29 
ST16-31J Ap 0.76 0.00 0.00 86.90 8.22 0.22 0.05 0.02 0.00 0.00 0.00 0.17 0.02 0.89 0.06 0.12 -0.01 97.43 
ST16-31J Ap 0.12 0.03 0.00 35.90 59.21 0.28 0.00 0.02 0.00 0.00 0.04 0.14 0.01 0.08 0.03 0.14 0.00 96.01 
ST16-31J Ap 45.23 0.00 0.00 7.11 17.35 0.24 0.05 0.01 2.39 0.03 0.05 0.12 0.00 30.86 0.00 0.04 -1.01 102.52 
ST16-31J Ap 0.22 0.01 0.00 43.52 54.03 0.79 0.19 0.06 0.00 0.27 0.29 0.30 0.12 0.21 0.06 0.05 -0.01 100.30 
ST16-31J Ap 0.22 0.02 0.00 35.35 59.53 0.57 0.00 0.00 0.00 0.00 0.03 0.12 0.01 0.04 0.03 0.05 0.00 96.00 
ST16-31J Ap 0.19 0.01 0.00 36.38 59.60 0.24 0.00 0.02 0.00 0.00 0.01 0.15 0.03 0.04 0.02 0.08 0.00 96.77 
STf-10B Ap 51.53 0.10 0.00 0.37 0.40 0.36 0.23 0.02 4.25 0.00 0.07 0.20 0.00 39.99 0.03 0.31 -1.79 96.15 
STf-10B Ap 53.53 0.02 0.00 0.23 0.00 0.48 0.11 0.00 3.66 0.00 0.07 0.17 0.01 42.35 0.07 0.23 -1.54 99.38 
STf-10B Ap 47.90 0.08 0.01 0.61 2.63 0.25 0.12 0.05 4.40 0.00 0.09 0.17 0.06 37.69 0.16 0.21 -1.87 92.59 
STf-10B Ap 46.11 0.02 0.00 0.36 3.67 0.18 0.07 0.01 2.36 0.00 0.07 0.18 0.03 40.88 0.08 0.18 -1.00 93.24 
STf-10B Ap 48.90 0.02 0.00 0.29 0.48 0.33 0.05 0.01 2.64 0.00 0.02 0.14 0.00 42.60 0.05 0.16 -1.11 94.67 
STf-10B Ap 52.98 0.02 0.00 0.24 0.04 0.27 0.16 0.01 3.64 0.00 0.07 0.21 0.00 42.16 0.09 0.28 -1.53 98.67 
STf-10B Ap 49.35 0.03 0.00 0.46 1.10 0.41 0.16 0.03 3.10 0.00 0.06 0.13 0.00 42.40 0.09 0.09 -1.31 96.13 
STf-10B Ap 51.77 0.00 0.00 0.34 0.02 0.33 0.04 0.01 3.39 0.00 0.06 0.18 0.01 41.94 0.03 0.33 -1.43 97.06 
STf-10B Ap 51.93 0.01 0.00 0.32 0.07 0.40 0.07 0.01 3.84 0.00 0.05 0.16 0.02 42.87 0.00 0.17 -1.62 98.46 
STf-10B Ap 1.25 3.74 0.00 38.08 40.08 3.83 0.09 0.08 0.11 0.00 0.02 0.13 0.22 0.69 0.24 0.20 -0.06 88.77 
STf-10B Ap 52.55 0.00 0.00 0.07 0.06 0.25 0.08 0.00 4.40 0.00 0.00 0.09 0.05 42.73 0.05 0.09 -1.85 98.60 
STf-10B Ap 51.90 0.00 0.00 0.08 0.01 0.40 0.13 0.00 4.01 0.00 0.03 0.10 0.03 42.94 0.01 0.12 -1.69 98.08 
STf-10B Ap 50.09 0.04 0.01 0.25 2.53 0.50 0.06 0.02 5.31 0.00 0.01 0.11 0.06 40.20 0.06 0.06 -2.24 97.11 
STf-10B Ap 49.84 0.06 0.00 0.36 2.42 0.32 0.05 0.01 4.61 0.00 0.00 0.12 0.05 39.89 0.05 0.06 -1.94 95.90 
STf-10B Ap 52.23 0.01 0.00 0.10 0.04 0.24 0.00 0.00 3.97 0.00 0.02 0.10 0.01 41.38 0.05 0.09 -1.67 96.69 
STf-10B Ap 52.01 0.01 0.00 0.32 0.03 0.31 0.04 0.02 3.95 0.03 0.14 0.21 0.02 42.11 0.16 0.31 -1.67 98.05 
STf-10B Ap 50.50 0.03 0.00 0.28 0.08 0.36 0.07 0.00 3.57 0.00 0.04 0.19 0.02 42.15 0.05 0.20 -1.51 96.10 
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STf-10B Ap 52.02 0.03 0.00 0.28 0.05 0.19 0.01 0.03 4.29 0.00 0.03 0.11 0.02 40.92 0.06 0.17 -1.81 96.42 
STf-10B Ap 52.28 0.02 0.00 0.08 0.04 0.19 0.09 0.01 3.85 0.02 0.04 0.08 0.01 42.15 0.00 0.08 -1.62 97.34 
STf-10B Ap 52.64 0.00 0.01 0.10 0.04 0.25 0.08 0.02 3.84 0.00 0.05 0.14 0.05 42.65 0.03 0.03 -1.62 98.31 
STf-10B Ap 51.79 0.00 0.00 0.09 0.02 0.16 0.00 0.02 3.69 0.00 0.01 0.11 0.00 42.24 0.00 0.10 -1.56 96.66 
STf-10B Ap 51.94 0.04 0.00 0.27 0.21 0.20 0.03 0.04 4.34 0.00 0.00 0.08 0.01 42.86 0.03 0.01 -1.84 98.24 
STf-10B Ap 31.79 0.06 0.00 0.59 20.28 0.19 0.00 0.05 2.55 0.00 0.01 0.13 0.07 29.80 0.12 0.09 -1.08 84.68 
STf-10B Ap 52.68 0.00 0.03 0.15 0.54 0.22 0.16 0.01 4.64 0.00 0.04 0.13 0.00 41.97 0.00 0.07 -1.96 98.82 
STf-10B Ap 49.72 0.07 0.03 0.37 3.35 0.32 0.06 0.03 4.61 0.00 0.03 0.10 0.03 39.14 0.14 0.05 -1.95 96.08 
STf-10B Ap 51.74 0.16 0.00 1.88 2.34 0.20 0.03 0.02 4.29 0.00 0.01 0.06 0.00 40.67 0.00 0.06 -1.81 99.66 
STf-10B Ap 53.11 0.01 0.00 0.09 0.00 0.18 0.08 0.02 3.68 0.03 0.09 0.12 0.01 42.79 0.04 0.11 -1.55 98.82 
STf-10B Ap 52.96 0.02 0.02 0.10 0.03 0.07 0.02 0.00 3.49 0.03 0.05 0.10 0.02 42.00 0.00 0.05 -1.47 97.50 
STf-10B Ap 52.29 0.03 0.00 0.11 0.09 0.20 0.09 0.02 3.93 0.00 0.00 0.08 0.00 42.83 0.03 0.07 -1.66 98.10 
STf-10B Ap 51.79 0.02 0.00 0.06 0.04 0.20 0.11 0.00 3.78 0.00 0.00 0.12 0.07 42.36 0.06 0.08 -1.59 97.11 
STf-10B Ap 52.40 0.00 0.00 0.12 0.17 0.16 0.00 0.00 4.06 0.00 0.08 0.09 0.03 42.19 0.00 0.09 -1.71 97.67 
STf-10B Ap 52.01 0.01 0.00 0.07 0.00 0.14 0.03 0.02 4.22 0.00 0.04 0.07 0.00 42.08 0.05 0.07 -1.78 97.02 
STf-10B Ap 52.20 0.01 0.00 0.13 0.27 0.27 0.06 0.01 3.98 0.00 0.02 0.13 0.00 41.80 0.03 0.09 -1.68 97.38 
STf-10B Ap 51.95 0.04 0.00 0.25 0.01 0.11 0.09 0.02 3.32 0.00 0.10 0.18 0.02 42.96 0.08 0.19 -1.40 97.98 
STf-10B Ap 52.51 0.04 0.00 0.33 0.00 0.21 0.06 0.00 3.29 0.00 0.09 0.20 0.05 41.89 0.04 0.23 -1.38 97.57 
STf-10B Ap 52.53 0.01 0.01 0.20 0.00 0.28 0.03 0.01 3.51 0.00 0.04 0.14 0.00 42.10 0.05 0.13 -1.48 97.64 
STf-10B Ap 53.17 0.00 0.00 0.20 0.01 0.11 0.10 0.01 3.40 0.02 0.06 0.16 0.06 42.13 0.08 0.09 -1.43 98.24 
STf-10B Ap 52.55 0.02 0.03 0.22 0.06 0.69 0.13 0.00 3.82 0.04 0.02 0.16 0.05 42.41 0.02 0.10 -1.61 98.73 
STf-10B Ap 51.50 0.00 0.00 0.27 0.61 0.35 0.06 0.00 4.63 0.00 0.04 0.08 0.04 42.63 0.03 0.12 -1.95 98.52 
STf-10B Ap 51.12 0.03 0.01 0.26 2.50 0.27 0.11 0.04 3.60 0.00 0.06 0.11 0.04 41.39 0.02 0.10 -1.53 98.15 
STf-10B Ap 33.18 0.08 0.00 9.42 24.42 0.44 0.00 0.01 3.41 0.05 0.14 0.11 0.10 20.17 0.04 0.08 -1.44 90.22 
ST16-09 Ap 53.63 0.04 0.00 0.08 0.00 0.35 0.22 0.14 3.07 0.00 0.05 0.13 0.00 44.31 0.02 0.07 -1.32 100.79 
ST16-09 Ap 54.17 0.05 0.00 0.06 0.01 0.57 0.19 0.13 3.04 0.00 0.02 0.12 0.00 43.62 0.01 0.09 -1.31 100.77 
ST16-09 Ap 53.45 0.07 0.00 0.09 0.02 0.58 0.23 0.13 2.86 0.06 0.01 0.08 0.00 43.77 0.05 0.12 -1.23 100.33 
ST16-09 Ap 52.81 0.05 0.01 0.13 0.04 0.65 0.23 0.14 3.08 0.00 0.03 0.09 0.02 43.43 0.08 0.07 -1.33 99.54 
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ST16-09 Ap 53.07 0.01 0.00 0.09 0.00 0.49 0.37 0.18 2.80 0.00 0.00 0.13 0.02 43.86 0.04 0.11 -1.22 99.95 
ST16-09 Ap 53.84 0.02 0.01 0.08 0.00 0.61 0.32 0.15 3.04 0.00 0.00 0.13 0.01 43.09 0.03 0.12 -1.31 100.22 
ST16-09 Ap 47.53 0.07 0.00 0.02 0.00 0.66 0.06 0.13 2.68 0.00 0.01 0.11 0.00 41.79 0.10 0.13 -1.16 92.15 
ST16-09 Ap 52.99 0.04 0.00 0.03 0.00 0.52 0.31 0.15 3.12 0.00 0.01 0.11 0.00 43.74 0.07 0.08 -1.35 99.84 
ST16-09 Ap 52.16 0.07 0.01 0.08 0.03 0.68 0.12 0.15 3.02 0.00 0.00 0.05 0.02 42.89 0.14 0.14 -1.31 98.28 
ST16-09 Ap 52.81 0.03 0.00 0.08 0.00 0.34 0.25 0.15 3.11 0.00 0.03 0.10 0.01 43.48 0.05 0.10 -1.34 99.21 
ST16-09 Ap 53.20 0.04 0.00 0.07 0.00 0.64 0.15 0.20 2.98 0.00 0.01 0.10 0.02 43.80 0.04 0.11 -1.30 100.06 
ST16-09 Ap 53.99 0.05 0.00 0.03 0.00 0.65 0.25 0.14 2.60 0.00 0.00 0.11 0.00 43.42 0.10 0.16 -1.13 100.41 
ST16-09 Ap 53.55 0.06 0.01 0.07 0.02 0.41 0.27 0.12 3.05 0.00 0.03 0.11 0.00 43.48 0.06 0.13 -1.31 100.11 
ST16-09 Ap 53.07 0.04 0.00 0.08 0.00 0.36 0.13 0.14 3.07 0.46 2.02 1.87 0.01 44.09 0.05 0.26 -1.32 104.37 
ST16-09 Ap 52.66 0.10 0.01 0.19 0.08 0.71 0.15 0.14 3.05 0.01 0.04 0.07 0.02 44.37 0.12 0.09 -1.32 100.50 
ST16-09 Ap 53.68 0.02 0.00 0.07 0.01 0.63 0.19 0.15 2.83 0.00 0.05 0.08 0.00 43.55 0.05 0.06 -1.22 100.26 
ST16-09 Ap 54.11 0.04 0.00 0.08 0.02 0.50 0.26 0.15 3.00 0.00 0.00 0.15 0.00 43.49 0.04 0.12 -1.30 100.68 
ST16-09 Ap 52.76 0.02 0.00 0.09 0.52 0.29 0.18 0.12 2.80 0.00 0.05 0.08 0.00 43.28 0.05 0.06 -1.21 99.12 
ST16-09 Ap 54.06 0.03 0.01 0.04 0.00 0.34 0.22 0.15 3.07 0.06 0.04 0.12 0.00 43.09 0.00 0.08 -1.33 100.00 
ST16-09 Ap 53.61 0.02 0.00 0.10 0.02 0.56 0.11 0.13 2.94 0.00 0.06 0.10 0.04 44.43 0.01 0.07 -1.27 101.05 
ST16-09 Ap 53.17 0.05 0.01 0.07 0.00 0.45 0.16 0.12 3.27 0.00 0.03 0.13 0.04 43.89 0.03 0.07 -1.40 100.07 
ST16-09 Ap 52.66 0.02 0.00 0.11 0.00 0.73 0.30 0.15 3.23 0.00 0.06 0.13 0.07 43.39 0.05 0.10 -1.39 99.73 
ST16-09 Ap 53.94 0.04 0.00 0.06 0.00 0.38 0.18 0.16 3.05 0.00 0.01 0.12 0.00 43.78 0.13 0.07 -1.32 100.62 
ST16-09 Ap 53.27 0.01 0.00 0.07 0.01 0.34 0.13 0.14 3.29 0.00 0.03 0.12 0.02 43.51 0.13 0.09 -1.42 99.77 
ST16-09 Ap 53.36 0.03 0.00 0.11 0.00 0.59 0.29 0.15 2.93 0.00 0.08 0.09 0.00 43.87 0.04 0.11 -1.27 100.42 
ST16-09 Ap 52.62 0.04 0.00 0.07 0.01 0.46 0.26 0.08 2.90 0.00 0.04 0.08 0.00 43.36 0.05 0.09 -1.24 98.85 
ST16-09 Ap 39.84 0.03 0.01 0.08 0.00 0.28 0.10 0.13 2.41 0.00 0.04 0.08 0.03 38.57 0.04 0.09 -1.04 80.70 
ST16-09 Ap 52.76 0.04 0.01 0.13 0.02 0.66 0.14 0.13 3.35 0.02 0.08 0.12 0.00 43.34 0.14 0.12 -1.44 99.67 
ST16-09 Ap 53.00 0.08 0.00 0.08 0.00 0.47 0.17 0.14 3.12 0.00 0.00 0.05 0.00 44.13 0.12 0.10 -1.34 100.12 
ST16-09 Ap 52.89 0.02 0.00 0.07 0.02 0.57 0.29 0.22 3.01 0.01 0.05 0.13 0.04 43.97 0.09 0.11 -1.32 100.25 
ST16-09 Ap 52.86 0.04 0.00 0.07 0.03 0.66 0.27 0.14 3.11 0.00 0.03 0.10 0.00 43.32 0.05 0.13 -1.34 99.56 
ST16-09 Ap 53.80 0.03 0.00 0.07 0.00 0.51 0.17 0.15 2.70 0.00 0.03 0.14 0.02 43.53 0.09 0.11 -1.17 100.22 
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ST16-09 Ap 50.88 0.03 0.00 0.10 0.85 0.52 0.18 0.17 2.89 0.03 0.01 0.08 0.02 41.94 0.07 0.10 -1.26 96.68 
ST16-09 Ap 51.37 0.39 0.01 0.83 0.28 1.49 0.33 0.16 2.78 0.00 0.00 0.08 0.00 43.68 0.03 0.07 -1.21 100.34 
ST16-09 Ap 53.63 0.04 0.12 0.06 0.00 0.38 0.31 0.12 3.20 0.00 0.03 0.08 0.02 43.49 0.10 0.12 -1.37 100.35 
ST16-09 Ap 53.10 0.12 0.01 0.72 0.73 0.52 0.16 0.14 3.38 0.00 0.01 0.10 0.01 42.71 0.05 0.16 -1.46 100.49 
ST16-09 Ap 53.52 0.06 0.01 0.11 0.02 0.60 0.26 0.16 3.14 0.00 0.00 0.10 0.01 43.52 0.04 0.10 -1.36 100.37 
ST16-09 Ap 53.03 0.00 0.00 0.11 0.04 0.43 0.11 0.14 3.25 0.01 0.00 0.10 0.03 43.68 0.00 0.07 -1.40 99.61 
ST16-09 Ap 54.96 0.02 0.00 0.04 0.02 0.35 0.19 0.03 3.48 0.02 0.02 0.11 0.02 44.12 0.03 0.12 -1.47 102.09 
ST16-09 Ap 53.31 0.01 0.00 0.11 0.00 0.28 0.29 0.04 3.31 0.00 0.01 0.10 0.00 44.65 0.01 0.08 -1.40 100.87 
ST16-09 Ap 54.30 0.02 0.00 0.06 0.00 0.33 0.24 0.04 3.38 0.00 0.06 0.12 0.00 43.32 0.01 0.08 -1.43 100.54 
ST16-09 Ap 52.57 0.04 0.00 0.27 0.06 0.93 0.15 0.03 3.86 0.00 0.02 0.14 0.01 44.53 0.06 0.07 -1.63 101.10 
ST16-09 Ap 53.34 0.01 0.01 0.06 0.00 0.62 0.11 0.02 4.10 0.00 0.02 0.08 0.05 43.61 0.04 0.06 -1.73 100.46 
ST16-09 Ap 52.52 0.01 0.00 0.09 0.00 0.32 0.07 0.00 4.10 0.02 0.06 0.07 0.05 43.93 0.04 0.07 -1.73 99.64 
ST16-09 Ap 54.07 0.02 0.00 0.12 0.01 0.42 0.07 0.03 3.11 0.00 0.02 0.09 0.07 43.19 0.01 0.12 -1.32 100.10 
ST16-09 Ap 12.91 0.21 0.00 53.67 17.94 0.15 0.06 0.03 0.57 0.00 0.01 0.16 9.19 5.07 0.77 0.16 -0.24 100.74 
ST16-09 Ap 54.26 0.02 0.00 0.18 0.03 0.64 0.00 0.03 3.72 0.03 0.06 0.09 0.01 43.83 0.07 0.13 -1.57 101.56 
ST16-09 Ap 52.59 0.03 0.01 0.11 0.00 0.71 0.22 0.02 3.66 0.00 0.00 0.11 0.00 43.61 0.12 0.09 -1.55 99.76 
ST16-09 Ap 53.70 0.03 0.00 0.14 0.01 0.32 0.03 0.05 3.63 0.00 0.00 0.10 0.06 43.81 0.05 0.12 -1.54 100.52 
ST16-09 Ap 53.76 0.05 0.02 0.27 0.02 0.18 0.11 0.01 3.45 0.02 0.04 0.14 0.24 42.85 0.03 0.10 -1.46 99.90 
ST16-09 Ap 53.12 0.01 0.01 0.16 0.03 0.70 0.16 0.01 3.36 0.00 0.04 0.14 0.06 44.20 0.00 0.08 -1.42 100.77 
ST16-09 Ap 54.12 0.01 0.00 0.16 0.06 1.06 0.05 0.01 3.29 0.00 0.00 0.11 0.06 43.32 0.12 0.07 -1.39 101.13 
ST16-09 Ap 15.02 5.17 0.00 42.11 30.97 5.70 0.23 0.04 0.97 0.00 0.04 0.11 0.03 3.35 0.07 0.05 -0.42 103.44 
ST16-09 Ap 28.16 2.64 0.00 22.52 11.98 4.13 0.00 0.03 2.19 0.01 0.01 0.09 0.04 19.87 0.04 0.14 -0.93 90.97 
ST16-09 Ap 51.43 0.01 0.00 0.15 0.02 0.55 0.01 0.04 3.59 0.00 0.01 0.10 0.01 42.37 0.09 0.08 -1.52 97.00 
ST16-09 Ap 52.70 0.02 0.00 0.14 0.02 0.42 0.07 0.01 3.55 0.00 0.01 0.08 0.00 44.34 0.02 0.09 -1.50 100.00 
ST16-31A Ap 52.07 0.00 0.00 0.54 0.07 0.00 0.04 0.00 4.50 0.05 0.13 0.17 0.06 40.61 0.02 0.34 -1.89 96.71 
ST16-31A Ap 51.72 0.00 0.00 0.25 0.00 0.00 0.08 0.02 3.79 0.43 0.80 0.53 0.01 44.22 0.02 0.33 -1.60 100.60 
ST16-31A Ap 50.10 0.01 0.00 0.32 0.08 0.00 0.10 0.01 3.94 0.03 0.10 0.12 0.00 41.04 0.06 0.24 -1.66 94.49 
ST16-31A Ap 51.25 0.01 0.00 0.28 0.03 0.05 0.14 0.02 3.73 0.71 1.23 0.55 0.00 42.65 0.04 0.29 -1.58 99.48 



Thomas W Baggs 
The Behaviour of Metamorphic Apatite 

 

12 
 

ST16-31A Ap 49.93 0.07 0.00 0.60 3.55 0.35 0.12 0.01 4.40 0.09 0.47 0.37 0.01 37.36 0.02 0.27 -1.85 95.81 
ST16-31A Ap 50.82 0.02 0.00 0.32 0.01 0.06 0.00 0.01 3.11 4.25 7.57 2.68 0.01 42.50 0.01 0.41 -1.31 110.59 
ST16-31A Ap 50.24 0.00 0.00 0.34 0.00 0.11 0.03 0.01 3.15 0.67 4.35 2.70 0.02 42.72 0.00 0.34 -1.33 103.37 
ST16-31A Ap 46.64 0.07 0.00 0.85 1.36 0.12 0.01 0.02 0.68 0.20 0.16 0.17 0.03 40.46 0.06 0.18 -0.29 90.73 
ST16-31A Ap 52.81 0.00 0.00 0.29 0.00 0.00 0.01 0.00 3.57 0.00 0.04 0.13 0.02 41.28 0.06 0.28 -1.50 97.01 
ST16-31A Ap 52.55 0.01 0.00 0.24 0.01 0.00 0.03 0.00 3.88 0.00 0.06 0.13 0.02 42.35 0.07 0.14 -1.63 97.84 
ST16-31A Ap 51.90 0.00 0.00 0.17 0.00 0.09 0.08 0.00 4.01 0.07 0.30 0.25 0.04 43.28 0.00 0.18 -1.69 98.71 
ST16-31A Ap 52.91 0.02 0.00 0.15 0.04 0.08 0.02 0.00 4.10 0.00 0.04 0.13 0.06 42.20 0.03 0.11 -1.73 98.19 
ST16-31A Ap 34.75 0.90 0.00 13.57 19.51 0.94 0.00 0.05 1.16 0.00 0.01 0.10 0.86 24.84 0.09 0.11 -0.50 96.47 
ST16-31A Ap 51.85 0.01 0.00 0.27 0.05 0.13 0.07 0.01 4.43 0.35 0.38 0.22 0.00 42.17 0.05 0.24 -1.87 98.41 
ST16-31A Ap 52.10 0.00 0.00 0.17 0.03 0.27 0.14 0.00 3.66 0.02 0.09 0.15 0.06 41.68 0.05 0.20 -1.54 97.15 
ST16-31A Ap 52.29 0.00 0.00 0.23 0.01 0.02 0.11 0.02 3.85 0.00 0.08 0.14 0.03 42.60 0.01 0.22 -1.63 98.00 
ST16-31A Ap 48.92 0.01 0.00 0.61 0.38 0.24 0.08 0.06 4.66 0.00 0.03 0.14 0.19 38.48 0.00 0.07 -1.98 91.96 
ST16-31A Ap 51.41 0.00 0.00 0.29 0.02 0.21 0.13 0.00 3.83 0.00 0.05 0.16 0.01 42.13 0.00 0.20 -1.61 96.88 
ST16-31A Ap 52.06 0.01 0.00 0.44 0.01 0.13 0.01 0.02 3.51 0.00 0.00 0.09 0.03 43.08 0.04 0.12 -1.48 98.12 
ST16-31A Ap 52.35 0.00 0.00 0.21 0.00 0.00 0.10 0.02 3.30 0.00 0.05 0.17 0.02 42.13 0.00 0.25 -1.39 97.23 
ST16-31A Ap 44.06 0.05 0.00 0.54 2.83 0.04 0.04 0.00 4.26 0.00 0.05 0.14 0.06 25.46 0.05 0.26 -1.79 76.11 
ST16-31A Ap 52.07 0.00 0.00 0.49 0.02 0.14 0.12 0.00 3.09 0.05 0.01 0.09 0.01 41.13 0.04 0.07 -1.30 96.02 
ST16-31A Ap 51.78 0.03 0.00 0.72 0.15 0.38 0.08 0.01 3.24 0.22 0.28 0.29 0.02 42.16 0.15 0.54 -1.37 98.77 
ST16-31A Ap 51.22 0.00 0.00 0.61 0.05 0.06 0.07 0.04 3.35 0.00 0.08 0.24 0.01 41.47 0.01 0.70 -1.42 96.50 
ST16-31A Ap 51.91 0.03 0.00 0.21 0.04 0.43 0.03 0.01 3.74 0.04 0.17 0.29 0.09 42.39 0.00 0.79 -1.58 98.68 
ST16-31A Ap 52.61 0.00 0.01 0.08 0.01 0.10 0.02 0.02 3.25 0.00 0.03 0.07 0.00 42.63 0.04 0.07 -1.37 97.60 
ST16-31A Ap 52.96 0.00 0.00 0.08 0.00 0.13 0.12 0.03 3.57 0.00 0.02 0.06 0.01 42.04 0.04 0.03 -1.51 97.69 
ST16-31A Ap 52.13 0.00 0.00 0.07 0.00 0.05 0.10 0.00 3.71 0.00 0.01 0.07 0.00 43.03 0.01 0.08 -1.56 97.77 
ST16-31A Ap 52.11 0.01 0.00 0.11 0.04 0.07 0.00 0.00 3.79 0.00 0.05 0.13 0.02 42.01 0.00 0.09 -1.60 96.85 
ST16-31A Ap 53.08 0.00 0.00 0.05 0.03 0.30 0.11 0.01 3.57 0.00 0.00 0.13 0.06 42.18 0.02 0.05 -1.51 98.10 
ST16-31A Ap 53.49 0.00 0.00 0.05 0.00 0.16 0.11 0.02 4.09 0.00 0.02 0.11 0.04 42.34 0.06 0.05 -1.73 98.83 
ST16-31A Ap 35.63 0.01 0.00 0.43 0.28 0.22 0.03 0.03 3.66 0.00 0.06 0.10 0.03 34.36 0.05 0.15 -1.55 73.56 
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ST16-31A Ap 52.39 0.02 0.00 0.29 0.04 0.01 0.12 0.02 3.81 0.00 0.06 0.16 0.02 42.01 0.06 0.05 -1.61 97.50 
ST16-31A Ap 53.12 0.00 0.02 0.15 0.00 0.00 0.00 0.00 3.20 0.00 0.00 0.09 0.01 42.56 0.00 0.11 -1.35 97.90 
ST16-31A Ap 52.78 0.01 0.00 0.06 0.03 0.33 0.15 0.01 3.36 0.02 0.00 0.12 0.01 42.21 0.01 0.10 -1.42 97.82 
STF-02B Ap 52.92 0.01 0.00 0.14 0.03 0.39 0.11 0.00 3.77 0.00 0.04 0.08 0.12 43.17 0.04 0.07 -1.59 99.35 
STF-02B Ap 52.02 0.04 0.00 0.08 0.03 0.31 0.14 0.00 3.86 0.01 0.03 0.14 0.03 42.96 0.12 0.11 -1.63 98.27 
STF-02B Ap 53.08 0.00 0.02 0.16 0.04 0.35 0.30 0.00 4.06 0.00 0.07 0.10 0.04 43.57 0.03 0.07 -1.71 100.22 
STF-02B Ap 50.81 0.05 0.00 0.59 0.14 0.46 0.10 0.02 4.11 0.00 0.02 0.11 0.01 41.90 0.17 0.10 -1.73 96.90 
STF-02B Ap 53.10 0.00 0.00 0.20 0.02 0.07 0.13 0.00 4.30 0.00 0.00 0.09 0.04 42.29 0.05 0.11 -1.81 98.68 
STF-02B Ap 49.56 0.07 0.01 0.47 1.34 0.46 0.36 0.02 4.54 0.00 0.03 0.12 0.04 39.89 0.16 0.08 -1.91 95.25 
STF-02B Ap 53.44 0.02 0.01 0.18 0.06 0.59 0.19 0.02 3.83 0.01 0.03 0.10 0.07 43.34 0.04 0.07 -1.62 100.38 
STF-02B Ap 51.68 0.00 0.00 0.15 0.04 0.43 0.10 0.04 4.17 0.00 0.08 0.08 0.05 43.73 0.03 0.07 -1.76 98.89 
STF-02B Ap 53.91 0.02 0.01 0.43 0.19 0.07 0.17 0.01 4.87 0.00 0.02 0.10 0.27 42.67 0.02 0.06 -2.05 100.79 
STF-02B Ap 48.17 0.10 0.01 2.53 1.80 1.23 0.13 0.02 4.25 0.00 0.01 0.11 0.22 37.55 0.12 0.12 -1.80 94.70 
STF-02B Ap 47.06 0.02 0.00 1.83 0.32 0.32 0.05 0.01 5.95 0.00 0.06 0.08 0.46 41.07 0.24 0.07 -2.51 95.09 
STF-02B Ap 52.45 0.00 0.00 0.20 0.03 0.01 0.21 0.01 3.70 0.00 0.02 0.10 0.02 43.66 0.03 0.08 -1.56 98.97 
STF-02B Ap 53.92 0.01 0.00 0.21 0.02 0.32 0.15 0.00 3.66 0.00 0.03 0.09 0.13 43.14 0.06 0.06 -1.54 100.26 
STF-02B Ap 52.84 0.04 0.01 0.13 0.01 0.41 0.32 0.00 3.74 0.04 0.07 0.12 0.20 41.31 0.11 0.09 -1.57 97.88 
STF-02B Ap 48.36 0.02 0.00 1.53 0.67 0.34 0.11 0.04 4.06 0.01 0.08 0.10 2.07 34.42 0.12 0.11 -1.72 90.34 
STF-02B Ap 41.76 0.21 0.00 1.95 4.73 1.29 0.21 0.14 3.47 0.00 0.05 0.14 0.17 30.88 0.71 0.13 -1.49 84.64 
STF-02B Ap 47.58 0.01 0.01 3.29 1.46 0.17 0.00 0.06 4.92 0.00 0.00 0.10 0.07 33.25 0.20 0.08 -2.09 90.15 
STF-02B Ap 54.54 0.01 0.00 0.09 0.03 0.16 0.22 0.01 3.27 0.00 0.01 0.07 0.00 43.06 0.07 0.11 -1.38 100.32 
STF-02B Ap 50.90 0.02 0.00 0.48 1.26 0.36 0.14 0.07 3.42 0.00 0.04 0.12 0.03 40.41 0.14 0.08 -1.46 96.13 
STF-02B Ap 52.38 0.01 0.02 0.09 0.04 0.35 0.17 0.01 2.92 0.02 0.07 0.13 0.01 42.77 0.07 0.11 -1.23 97.94 
STF-02B Ap 53.86 0.02 0.00 0.28 0.09 0.11 0.04 0.00 4.45 0.00 0.00 0.05 0.04 41.23 0.09 0.09 -1.87 98.48 
STF-02B Ap 43.12 0.33 0.01 1.93 1.64 0.93 0.10 0.08 1.28 0.00 0.07 0.11 0.31 38.55 0.30 0.14 -0.56 88.80 
STF-02B Ap 52.35 0.00 0.00 0.12 0.06 0.38 0.12 0.03 3.50 0.00 0.05 0.08 0.01 43.41 0.02 0.13 -1.48 98.80 
STF-02B Ap 50.87 0.05 0.00 0.58 2.33 0.19 0.00 0.02 3.63 0.00 0.04 0.10 0.09 39.74 0.15 0.09 -1.53 96.42 
STF-02B Ap 49.94 0.12 0.00 2.67 4.23 0.44 0.11 0.19 3.72 0.00 0.01 0.12 0.14 35.01 0.20 0.11 -1.61 95.57 



Thomas W Baggs 
The Behaviour of Metamorphic Apatite 

 

14 
 

STF-02B Ap 53.23 0.00 0.02 0.15 0.05 0.50 0.22 0.01 3.69 0.00 0.06 0.15 0.11 42.11 0.06 0.12 -1.56 98.98 
STF-02B Ap 52.00 0.12 0.00 1.26 2.14 0.38 0.19 0.04 3.90 0.00 0.04 0.04 0.10 41.25 0.20 0.07 -1.65 100.17 
STF-02B Ap 52.85 0.02 0.01 0.31 0.05 0.17 0.18 0.00 4.06 0.00 0.02 0.07 0.01 42.61 0.05 0.07 -1.71 98.78 
STF-02B Ap 52.33 0.01 0.00 0.29 0.24 0.14 0.13 0.03 3.57 0.00 0.01 0.07 0.04 42.80 0.04 0.09 -1.51 98.31 
STF-02B Ap 54.01 0.03 0.01 0.12 0.10 0.29 0.24 0.02 3.90 0.00 0.05 0.10 0.05 43.06 0.04 0.12 -1.65 100.56 
STF-02B Ap 22.66 0.25 0.01 23.27 32.29 4.35 0.03 0.11 1.69 0.00 0.04 0.14 0.31 14.33 0.35 0.07 -0.74 99.82 
STF-02B Ap 49.18 0.01 0.00 1.01 0.95 0.33 0.17 0.04 2.97 0.00 0.08 0.16 0.25 40.09 0.26 0.18 -1.26 94.53 
STF-02B Ap 50.85 0.03 0.01 0.63 0.22 0.46 0.25 0.00 3.38 0.00 0.03 0.15 0.15 38.71 0.23 0.12 -1.42 93.79 
STF-02B Ap 53.29 0.02 0.00 0.32 0.13 0.38 0.25 0.03 3.37 0.00 0.01 0.11 0.07 42.44 0.10 0.06 -1.43 99.19 
STF33 Ap 51.36 0.03 0.01 0.25 0.19 0.27 0.14 0.27 2.91 0.00 0.07 0.12 0.18 41.14 0.50 0.17 -1.29 96.47 
STF33 Ap 45.77 0.04 0.00 0.73 7.40 0.32 0.00 0.15 3.02 0.00 0.04 0.12 0.16 36.57 0.25 0.27 -1.31 93.55 
STF33 Ap 52.24 0.02 0.00 0.40 0.28 0.11 0.07 0.02 2.92 0.02 0.16 0.25 0.03 42.36 0.04 0.48 -1.24 98.24 
STF33 Ap 50.69 0.00 0.00 0.28 0.00 0.01 0.08 0.02 3.05 0.00 0.07 0.12 0.01 40.94 0.00 0.31 -1.29 94.32 
STF33 Ap 53.24 0.00 0.01 0.14 0.05 0.12 0.05 0.04 3.32 0.00 0.00 0.09 0.03 41.93 0.09 0.05 -1.41 97.83 
STF33 Ap 52.00 0.00 0.00 0.24 0.21 0.20 0.09 0.04 3.76 0.00 0.00 0.11 0.14 41.53 0.07 0.06 -1.59 96.86 
STF33 Ap 52.29 0.00 0.00 0.10 0.02 0.27 0.02 0.04 3.73 0.00 0.01 0.10 0.09 41.86 0.00 0.07 -1.58 97.03 
STF33 Ap 52.62 0.00 0.00 0.07 0.00 0.12 0.00 0.05 3.67 0.00 0.04 0.07 0.02 41.63 0.01 0.00 -1.56 96.81 
STF33 Ap 53.85 0.00 0.00 0.11 0.03 0.11 0.02 0.05 3.43 0.00 0.01 0.08 0.04 41.72 0.08 0.02 -1.46 98.10 
STF33 Ap 52.25 0.00 0.00 0.12 0.13 0.23 0.19 0.03 3.42 0.00 0.00 0.16 0.07 42.33 0.03 0.08 -1.45 97.70 
STF33 Ap 53.13 0.00 0.00 0.14 0.01 0.03 0.00 0.00 3.40 0.00 0.05 0.13 0.06 42.84 0.06 0.07 -1.43 98.48 
STF33 Ap 53.02 0.00 0.01 0.15 0.03 0.01 0.11 0.02 3.64 0.03 0.02 0.10 0.01 42.16 0.02 0.10 -1.53 97.93 
STF33 Ap 53.41 0.00 0.00 0.18 0.05 0.09 0.21 0.03 3.57 0.00 0.06 0.12 0.01 42.53 0.10 0.10 -1.51 98.98 
STF33 Ap 52.26 0.01 0.00 0.13 0.01 0.29 0.09 0.01 3.80 0.00 0.03 0.15 0.02 42.02 0.07 0.12 -1.60 97.45 
STF33 Ap 53.13 0.00 0.00 0.08 0.01 0.14 0.13 0.01 3.38 0.00 0.01 0.10 0.02 43.43 0.06 0.13 -1.43 99.23 
STF33 Ap 52.83 0.01 0.00 0.26 0.16 0.00 0.00 0.03 4.09 0.03 0.04 0.09 0.05 41.43 0.11 0.03 -1.73 97.51 
STF33 Ap 31.99 0.23 0.00 16.74 15.48 0.35 0.00 0.56 1.45 0.00 0.06 0.11 0.54 23.51 0.86 0.09 -0.74 91.49 
STF33 Ap 51.97 0.03 0.01 0.62 0.01 0.14 0.07 0.00 3.43 0.00 0.12 0.15 0.01 42.12 0.04 0.43 -1.44 97.73 
STF33 Ap 50.95 0.01 0.00 0.25 0.11 0.14 0.11 0.03 3.23 0.01 0.02 0.14 0.01 41.62 0.04 0.15 -1.37 95.48 
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STF33 Ap 51.08 0.00 0.01 0.58 0.02 0.10 0.00 0.02 2.92 0.04 0.16 0.22 0.00 41.74 0.05 0.52 -1.24 96.23 
STF33 Ap 50.17 0.05 0.00 0.56 5.46 0.19 0.20 0.02 3.90 0.00 0.04 0.12 0.08 38.19 0.12 0.12 -1.65 97.66 
STF33 Ap 53.17 0.00 0.02 0.10 0.02 0.05 0.20 0.01 3.65 0.00 0.00 0.12 0.01 41.87 0.00 0.07 -1.54 97.84 
STF33 Ap 52.45 0.00 0.04 0.09 0.02 0.00 0.00 0.01 3.59 0.00 0.02 0.11 0.00 42.83 0.04 0.10 -1.51 97.80 
STF33 Ap 52.72 0.02 0.00 0.06 0.04 0.00 0.04 0.02 3.33 0.03 0.09 0.16 0.00 42.09 0.01 0.07 -1.41 97.28 
STF33 Ap 52.04 0.02 0.00 0.03 0.00 0.06 0.14 0.00 3.44 0.00 0.08 0.11 0.01 42.75 0.08 0.12 -1.45 97.54 
STF33 Ap 53.24 0.03 0.00 0.08 0.02 0.02 0.10 0.02 3.60 0.01 0.02 0.10 0.01 42.26 0.04 0.09 -1.52 98.15 
STF33 Ap 51.26 0.02 0.00 0.15 0.38 0.00 0.05 0.02 3.50 0.00 0.05 0.11 0.01 41.54 0.06 0.06 -1.48 95.79 
STF33 Ap 53.10 0.00 0.00 0.13 0.00 0.14 0.00 0.00 3.48 0.00 0.05 0.10 0.04 42.26 0.02 0.09 -1.47 97.97 
STF33 Ap 53.09 0.00 0.01 0.29 0.02 0.10 0.02 0.00 3.13 0.02 0.04 0.15 0.01 42.12 0.05 0.18 -1.32 97.97 
STF33 Ap 52.57 0.02 0.00 0.15 0.11 0.08 0.05 0.02 2.97 0.01 0.08 0.14 0.03 41.47 0.02 0.17 -1.26 96.93 
STF33 Ap 52.62 0.00 0.00 0.19 0.00 0.01 0.14 0.00 3.00 0.00 0.00 0.11 0.00 43.12 0.06 0.15 -1.26 98.20 
STF33 Ap 50.81 0.02 0.00 0.18 1.72 0.22 0.00 0.04 3.04 0.00 0.04 0.08 0.00 41.08 0.09 0.20 -1.29 96.30 
STF33 Ap 53.19 0.01 0.00 0.10 0.00 0.06 0.08 0.00 2.97 0.00 0.09 0.12 0.00 42.61 0.02 0.14 -1.25 98.30 
STF33 Ap 54.94 0.00 0.01 0.16 0.15 0.04 0.11 0.01 3.63 0.05 0.06 0.10 0.05 41.63 0.02 0.06 -1.53 99.51 
STF33 Ap 52.37 0.00 0.00 0.18 0.04 0.06 0.00 0.00 3.34 0.00 0.00 0.09 0.02 41.30 0.04 0.25 -1.41 96.32 
STF33 Ap 50.70 0.06 0.01 0.43 1.29 0.03 0.07 0.01 3.48 0.00 0.06 0.11 0.04 41.01 0.01 0.08 -1.47 95.98 
STF33 Ap 53.74 0.00 0.00 0.14 0.03 0.13 0.00 0.02 3.69 0.00 0.05 0.13 0.03 41.76 0.04 0.03 -1.56 98.24 
STF33 Ap 0.00 0.00 0.01 0.14 0.21 0.14 0.06 0.01 0.00 0.00 0.04 0.08 0.00 41.88 0.01 0.06 0.00 42.64 
STF33 Ap 0.00 0.01 0.00 0.10 0.15 0.00 0.02 0.00 0.00 0.02 0.07 0.09 0.00 42.19 0.02 0.08 0.00 42.88 
STF33 Ap 0.00 0.00 0.00 0.10 0.13 0.02 0.00 0.00 0.00 0.26 0.27 0.33 0.00 42.57 0.10 0.15 0.00 44.01 
STF33P Ap 0.08 0.58 0.04 44.74 35.86 0.68 0.00 0.04 0.00 0.00 0.01 0.10 4.90 0.09 0.60 0.03 -0.01 87.79 
STF33P Ap 0.19 0.52 0.00 43.17 35.86 1.15 0.00 0.01 0.00 0.00 0.00 0.09 4.87 0.05 0.44 0.09 0.00 86.44 
STF33P Ap 53.57 0.01 0.00 0.52 1.74 0.13 0.00 0.01 2.94 0.00 0.00 0.07 0.45 41.76 0.05 0.08 -1.24 100.11 
STF33P Ap 0.17 0.88 0.05 43.94 35.59 2.51 0.00 0.04 0.00 0.05 0.03 0.11 5.30 0.05 0.54 0.01 -0.01 89.29 
STF33P Ap 0.39 0.48 0.20 43.49 37.07 0.77 0.00 0.04 0.00 0.22 1.04 0.29 5.18 0.05 0.63 0.07 -0.01 90.11 
STF33P Ap 0.23 1.30 0.00 46.36 35.88 1.79 0.00 0.00 0.00 1.87 4.38 1.32 4.54 0.09 0.53 0.21 0.00 98.60 
STF33P Ap 0.34 2.13 0.00 39.38 31.75 5.94 0.00 0.11 0.19 0.07 0.59 0.42 7.82 0.05 0.47 0.09 -0.11 89.34 
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STF33P Ap 0.36 1.83 0.13 39.73 35.93 3.02 0.01 0.10 0.08 0.00 0.01 0.14 4.81 0.09 0.38 0.03 -0.06 86.70 
STF33P Ap 0.16 1.09 0.05 44.42 34.45 1.38 0.00 0.00 0.05 0.00 0.00 0.05 5.56 0.05 0.38 0.03 -0.02 87.72 
STF33P Ap 0.09 1.13 0.02 44.81 33.31 1.19 0.00 0.00 0.00 0.00 0.04 0.06 4.90 0.02 0.46 0.03 0.00 86.11 
STF33P Ap 0.14 0.38 0.12 43.29 36.83 0.73 0.00 0.02 0.00 0.00 0.07 0.04 6.83 0.03 0.56 0.02 0.00 89.06 
STF33P Ap 0.10 1.13 0.00 45.68 34.13 1.64 0.02 0.05 0.03 0.00 0.04 0.13 5.17 0.05 0.51 0.07 -0.02 88.78 
STF33P Ap 53.56 0.01 0.03 0.14 0.07 0.10 0.00 0.02 3.69 0.00 0.00 0.07 0.29 42.37 0.05 0.05 -1.56 98.91 
STF33P Ap 0.15 0.07 0.01 43.49 37.18 0.47 0.08 0.02 0.00 0.24 0.39 0.21 8.40 0.07 0.67 0.12 -0.01 91.64 
STF33P Ap 0.33 0.48 0.01 43.68 36.79 1.41 0.00 0.03 0.00 0.00 0.03 0.12 6.32 0.03 0.49 0.05 -0.01 89.81 
STF33P Ap 0.08 0.00 0.04 83.13 0.04 0.02 0.00 0.01 0.00 0.00 0.02 0.12 0.01 0.02 0.05 0.00 0.00 83.64 
ST16-03C Ap 54.47 0.00 0.00 0.15 0.04 0.04 0.17 0.26 2.83 0.00 0.03 0.06 0.01 44.26 0.05 0.08 -1.25 101.19 
ST16-03C Ap 54.35 0.03 0.00 0.08 0.00 0.24 0.38 0.27 3.06 0.00 0.00 0.08 0.00 44.17 0.05 0.12 -1.35 101.49 
ST16-03C Ap 53.71 0.00 0.00 0.12 0.00 0.51 0.56 0.26 2.82 0.00 0.08 0.16 0.00 44.60 0.05 0.12 -1.25 101.76 
ST16-03C Ap 54.04 0.05 0.00 0.06 0.00 0.47 0.55 0.24 2.79 0.00 0.05 0.12 0.00 43.35 0.04 0.14 -1.23 100.69 
ST16-03C Ap 54.45 0.03 0.00 0.11 0.00 0.15 0.43 0.26 3.08 0.02 0.09 0.11 0.00 43.92 0.02 0.08 -1.35 101.42 
ST16-03C Ap 53.54 0.05 0.00 0.09 0.03 0.15 0.33 0.29 2.95 0.00 0.03 0.11 0.01 44.02 0.07 0.16 -1.31 100.58 
ST16-03C Ap 53.91 0.00 0.00 0.09 0.00 0.30 0.21 0.30 3.19 0.00 0.05 0.08 0.01 43.24 0.03 0.14 -1.41 100.14 
ST16-03C Ap 53.73 0.02 0.00 0.05 0.00 0.35 0.38 0.23 3.07 0.00 0.08 0.14 0.00 43.73 0.10 0.13 -1.35 100.71 
ST16-03C Ap 54.90 0.02 0.00 0.12 0.02 0.12 0.39 0.25 3.19 0.00 0.01 0.11 0.00 43.32 0.07 0.11 -1.40 101.24 
ST16-03C Ap 54.15 0.01 0.00 0.07 0.00 0.13 0.47 0.27 2.96 0.00 0.06 0.10 0.01 44.44 0.04 0.06 -1.31 101.48 
ST16-03C Ap 54.15 0.04 0.00 0.07 0.00 0.18 0.39 0.19 3.81 0.02 0.03 0.15 0.02 43.99 0.03 0.06 -1.65 101.48 
ST16-03C Ap 54.31 0.02 0.00 0.05 0.00 0.21 0.39 0.15 3.63 0.00 0.04 0.15 0.00 43.90 0.04 0.06 -1.56 101.42 
ST16-03C Ap 53.40 0.06 0.00 0.05 0.03 0.25 0.32 0.23 3.50 0.00 0.03 0.12 0.02 44.28 0.06 0.07 -1.53 100.89 
ST16-03C Ap 53.61 0.01 0.01 0.06 0.00 0.21 0.45 0.14 3.94 0.00 0.07 0.10 0.00 44.83 0.02 0.09 -1.69 101.84 
ST16-03C Ap 52.87 0.01 0.01 0.07 0.02 0.32 0.50 0.17 4.27 0.00 0.00 0.11 0.01 44.09 0.02 0.07 -1.84 100.74 
ST16-03C Ap 54.03 0.00 0.01 0.06 0.02 0.00 0.27 0.14 3.99 0.03 0.00 0.10 0.03 43.80 0.00 0.09 -1.71 100.86 
ST16-03C Ap 54.30 0.00 0.01 0.07 0.02 0.01 0.12 0.14 4.33 0.00 0.00 0.17 0.00 44.19 0.00 0.08 -1.85 101.66 
ST16-03C Ap 54.60 0.01 0.00 0.12 0.01 0.12 0.44 0.14 3.79 0.02 0.03 0.10 0.01 44.67 0.03 0.05 -1.63 102.54 
ST16-03C Ap 55.51 0.00 0.01 0.05 0.01 0.06 0.17 0.12 3.79 0.04 0.05 0.05 0.00 44.58 0.01 0.07 -1.62 102.89 
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ST16-03C Ap 54.83 0.00 0.01 0.09 0.01 0.04 0.22 0.33 3.31 0.00 0.00 0.04 0.00 43.44 0.02 0.01 -1.47 100.94 
ST16-03C Ap 54.45 0.00 0.00 0.06 0.00 0.28 0.50 0.39 3.20 0.00 0.05 0.11 0.00 44.09 0.02 0.07 -1.44 101.80 
ST16-03C Ap 55.83 0.02 0.00 0.06 0.01 0.19 0.26 0.30 3.32 0.00 0.04 0.11 0.02 44.10 0.04 0.05 -1.47 102.88 
ST16-03C Ap 54.55 0.00 0.00 0.03 0.01 0.18 0.31 0.29 3.01 0.00 0.02 0.10 0.02 44.25 0.00 0.13 -1.33 101.56 
ST16-03C Ap 55.09 0.00 0.00 0.03 0.00 0.02 0.25 0.29 3.63 0.00 0.03 0.10 0.00 44.48 0.00 0.01 -1.59 102.35 
ST16-03C Ap 54.35 0.01 0.00 0.05 0.00 0.14 0.40 0.27 3.17 0.00 0.08 0.10 0.02 43.72 0.00 0.04 -1.40 100.95 
ST16-03C Ap 54.56 0.01 0.01 0.08 0.03 0.08 0.34 0.29 3.21 0.02 0.07 0.14 0.01 43.25 0.01 0.08 -1.41 100.79 
ST16-03C Ap 54.22 0.03 0.00 0.03 0.00 0.41 0.44 0.14 3.75 0.00 0.03 0.10 0.03 44.94 0.06 0.09 -1.61 102.68 
ST16-03C Ap 53.39 0.00 0.01 0.03 0.01 0.16 0.15 0.12 4.06 0.00 0.02 0.08 0.00 45.01 0.01 0.06 -1.74 101.41 
ST16-03C Ap 55.07 0.01 0.00 0.05 0.02 0.11 0.10 0.14 3.65 0.00 0.00 0.10 0.01 44.45 0.07 0.06 -1.57 102.34 
ST16-03C Ap 52.48 0.00 0.00 0.10 0.08 0.28 0.22 0.11 3.44 0.00 0.03 0.05 0.01 43.57 0.00 0.04 -1.47 98.97 
ST16-03C Ap 54.76 0.00 0.00 0.11 0.00 0.04 0.14 0.09 3.48 0.00 0.00 0.10 0.00 43.96 0.02 0.07 -1.49 101.32 
ST16-03C Ap 53.97 0.00 0.01 0.02 0.01 0.00 0.06 0.12 4.14 0.05 0.08 0.11 0.00 44.03 0.04 0.08 -1.77 100.94 
ST16-03C Ap 53.26 0.00 0.01 0.06 0.01 0.16 0.16 0.11 4.28 0.00 0.05 0.10 0.05 44.05 0.05 0.05 -1.82 100.56 
ST16-03C Ap 55.35 0.00 0.00 0.12 0.02 0.08 0.23 0.08 4.36 0.06 0.09 0.09 0.02 44.37 0.00 0.07 -1.85 103.16 
ST16-03C Ap 53.84 0.00 0.00 0.08 0.00 0.13 0.07 0.06 3.82 0.00 0.00 0.06 0.00 43.71 0.02 0.02 -1.62 100.25 
ST16-03C Ap 54.27 0.00 0.01 0.09 0.02 0.15 0.36 0.16 3.67 0.00 0.02 0.05 0.01 44.16 0.05 0.13 -1.58 101.60 
ST16-03C Ap 54.15 0.02 0.00 0.07 0.02 0.15 0.31 0.13 3.77 0.00 0.00 0.12 0.00 43.57 0.06 0.10 -1.61 100.88 
ST16-03C Ap 54.06 0.00 0.00 0.05 0.00 0.28 0.39 0.11 3.76 0.00 0.07 0.13 0.00 43.85 0.00 0.10 -1.61 101.21 
ST16-03C Ap 54.17 0.03 0.00 0.07 0.00 0.08 0.28 0.21 3.20 0.00 0.02 0.04 0.00 44.18 0.04 0.09 -1.39 101.02 
ST16-03C Ap 54.72 0.03 0.02 0.08 0.00 0.34 0.41 0.12 3.78 0.00 0.07 0.12 0.04 43.76 0.03 0.07 -1.62 102.02 
ST16-03C Ap 53.88 0.01 0.01 0.03 0.00 0.17 0.39 0.09 3.90 0.05 0.06 0.10 0.00 43.58 0.00 0.09 -1.66 100.71 
ST16-03C Ap 53.63 0.00 0.00 0.05 0.00 0.09 0.34 0.14 3.41 0.00 0.12 0.11 0.00 43.63 0.03 0.12 -1.47 100.26 
ST16-03C Ap 53.43 0.01 0.00 0.05 0.00 0.27 0.67 0.12 3.42 0.00 0.05 0.06 0.00 44.16 0.04 0.11 -1.47 100.91 
ST16-03C Ap 54.07 0.01 0.02 0.06 0.01 0.31 0.25 0.12 3.60 0.00 0.06 0.09 0.00 44.60 0.01 0.06 -1.54 101.73 
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Analysis No. 
    
SiO2 

     
CaO 

    
Y2O3 

   
Ce2O3 

   
Pr2O3 

   
Nd2O3 

   
Sm2O3 

   
Gd2O3 

   
La2O3 

    
ThO2 

     
UO2 

     
PbO 

    
P2O5 Total 

STF26Amnz 0.51 1.23 2.47 27.42 2.86 9.84 1.48 1.26 13.53 5.88 0.60 0.58 29.89 97.55 
STF26Amnz 0.18 0.44 1.91 31.34 2.95 10.36 1.50 1.16 16.49 0.81 0.54 0.20 30.64 98.51 
STF26Amnz 0.62 0.94 1.85 29.03 2.82 10.51 1.42 1.15 14.65 4.92 0.14 0.37 29.88 98.30 
STF26Amnz 0.58 1.08 2.65 27.72 2.86 10.52 1.61 1.37 13.23 6.03 0.16 0.48 30.50 98.77 
STF26Amnz 0.51 0.94 1.79 28.79 2.89 10.72 1.40 1.07 14.69 5.08 0.15 0.39 29.99 98.41 
STF26Amnz 0.42 0.95 1.37 29.64 2.86 10.45 1.41 1.08 15.17 5.15 0.13 0.38 30.25 99.27 
STF26Amnz 0.50 1.15 2.97 26.91 2.82 10.25 1.63 1.51 13.38 5.80 0.31 0.48 30.73 98.45 
STF26Amnz 0.47 0.92 2.12 28.59 2.93 10.91 1.53 1.32 13.99 5.31 0.10 0.40 31.12 99.72 
STF26Amnz 0.26 0.63 1.99 28.59 2.84 10.41 1.63 1.35 15.27 3.15 0.27 0.28 30.04 96.73 
STF26Amnz 0.52 0.90 1.90 28.91 2.88 10.68 1.34 1.17 14.82 5.20 0.11 0.38 31.13 99.94 
STF26Amnz 0.46 0.91 1.58 29.29 3.00 10.68 1.37 1.05 14.87 5.12 0.12 0.40 30.92 99.79 
STF26Amnz 0.52 0.95 2.29 28.50 2.95 10.71 1.53 1.35 13.91 5.41 0.13 0.42 31.33 100.01 
STF26Amnz 0.10 0.26 2.37 30.77 3.16 11.12 1.83 1.45 15.98 0.22 0.36 0.08 30.58 98.29 
STF26Amnz 0.59 1.17 3.41 27.07 2.79 10.30 1.74 1.61 12.67 6.26 0.29 0.52 31.08 99.49 
STF26Amnz 0.47 0.91 1.69 28.68 3.00 10.62 1.51 1.14 14.84 5.05 0.11 0.39 31.00 99.39 
STF26Amnz 0.58 1.08 2.37 27.85 2.90 10.54 1.70 1.40 13.40 6.03 0.17 0.50 30.82 99.32 
STF26Amnz 0.55 0.87 1.66 29.35 2.89 10.62 1.40 1.09 14.79 5.08 0.13 0.44 30.63 99.50 
ST16-19Amnz 0.67 0.96 2.01 27.79 2.83 10.30 1.53 1.26 14.13 5.17 0.14 0.41 30.91 98.14 
ST16-19Amnz 0.26 1.00 2.41 28.61 2.96 10.58 1.69 1.45 13.88 3.64 0.36 0.33 31.93 99.11 
ST16-19Amnz 0.39 0.99 1.44 28.59 2.88 10.47 1.51 1.12 14.68 5.15 0.09 0.43 31.02 98.76 
ST16-19Amnz 0.23 0.75 2.21 29.14 2.98 10.70 1.65 1.25 14.88 2.66 0.56 0.31 31.39 98.71 
ST16-19Amnz 0.34 1.09 3.02 27.39 2.90 10.03 1.42 1.37 14.19 4.94 0.24 0.42 31.44 98.80 
ST16-19Amnz 0.44 1.01 1.69 27.91 2.97 10.59 1.52 1.30 14.28 5.18 0.15 0.39 31.25 98.69 
ST16-19Amnz 0.14 0.80 2.51 29.07 3.05 10.65 1.67 1.36 14.18 1.89 1.14 0.48 31.75 98.70 
ST16-19Amnz 0.41 0.97 1.72 28.04 2.95 10.56 1.47 1.15 14.24 5.13 0.13 0.38 30.90 98.06 
ST16-19Amnz 0.46 1.12 1.37 28.39 2.93 10.52 1.53 1.17 14.44 5.37 0.17 0.44 31.25 99.16 
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ST16-19Amnz 0.37 1.29 2.38 27.49 2.85 10.18 1.67 1.36 13.77 5.61 0.36 0.49 30.95 98.78 
ST16-19Amnz 0.43 0.98 1.02 28.94 2.92 10.68 1.65 1.18 14.54 5.06 0.11 0.38 30.80 98.70 
ST16-19Amnz 0.43 1.01 1.59 28.55 2.86 10.51 1.53 1.20 14.43 5.22 0.14 0.43 30.92 98.82 
ST16-19Amnz 0.40 1.01 1.32 28.77 2.94 10.83 1.58 1.30 14.54 5.05 0.11 0.41 30.78 99.04 
ST16-19Amnz 0.24 0.90 2.21 28.35 3.04 10.24 1.55 1.30 14.18 3.53 0.62 0.43 31.61 98.20 
ST16-19Amnz 0.37 1.00 3.29 27.35 2.85 10.45 1.59 1.41 13.81 4.92 0.17 0.39 31.49 99.08 
ST16-19Amnz 0.43 1.00 1.37 28.77 2.99 11.06 1.73 1.40 14.42 5.12 0.13 0.40 31.33 100.15 
ST16-19Amnz 0.41 0.93 0.91 29.06 2.88 10.68 1.53 1.06 15.03 4.89 0.10 0.41 31.14 99.03 
ST16-19Amnz 0.35 1.26 2.51 27.60 2.75 9.97 1.54 1.32 13.88 5.81 0.36 0.52 31.39 99.25 
ST16-19Amnz 0.34 1.09 1.72 28.60 2.96 10.47 1.58 1.23 14.47 4.77 0.47 0.47 31.66 99.83 
ST16-19Amnz 0.41 1.03 1.18 28.92 3.01 10.67 1.54 1.21 14.63 5.14 0.10 0.38 32.13 100.34 
ST16-19Amnz 0.43 0.97 0.91 29.32 3.04 10.79 1.54 1.13 14.88 5.11 0.11 0.40 31.58 100.21 
ST16-19Amnz 0.30 0.70 2.09 29.40 2.95 10.85 1.65 1.29 14.84 2.67 0.59 0.34 31.28 98.93 
ST16-19Amnz 0.49 1.01 0.85 29.11 2.83 10.84 1.56 1.19 14.64 5.48 0.12 0.44 31.37 99.93 
ST16-19Amnz 0.32 1.32 2.20 27.69 2.76 10.24 1.59 1.35 14.03 5.69 0.50 0.59 31.05 99.34 
ST16-19Amnz 0.40 0.89 1.13 29.51 3.01 10.80 1.51 1.10 15.36 4.77 0.08 0.38 31.20 100.14 
ST16-19Amnz 0.45 1.01 1.24 28.95 2.96 10.75 1.59 1.12 14.67 5.12 0.13 0.37 30.91 99.27 
ST16-19Amnz 0.46 0.99 1.66 28.66 2.85 10.73 1.47 1.22 14.63 5.11 0.10 0.41 31.13 99.41 
ST16-19Amnz 0.39 1.03 1.66 28.66 2.94 10.70 1.63 1.24 14.47 5.03 0.19 0.40 31.07 99.43 
ST16-19Amnz 0.41 0.92 0.91 29.52 2.90 10.54 1.45 0.99 15.25 4.77 0.11 0.35 31.06 99.17 
ST16-19Amnz 0.43 1.04 1.29 29.10 2.89 10.69 1.53 1.23 14.84 5.19 0.12 0.43 32.08 100.86 
ST16-03cmnz 0.59 1.29 3.77 26.10 2.68 9.67 1.71 1.65 12.34 7.07 0.24 0.62 31.00 98.72 
ST16-03cmnz 0.85 1.05 1.95 27.49 2.89 10.59 1.58 1.36 13.16 6.82 0.11 0.55 29.53 97.93 
ST16-03cmnz 0.30 0.67 1.74 29.86 3.15 11.03 1.50 1.16 15.12 2.84 0.13 0.21 31.85 99.56 
ST16-03cmnz 0.39 1.66 2.68 26.13 2.78 9.41 1.75 1.36 12.72 6.84 0.94 0.77 31.84 99.26 
ST16-03cmnz 0.62 1.26 3.57 24.91 2.67 9.42 1.63 1.64 12.12 6.79 0.31 0.59 30.41 95.93 
ST16-03cmnz 0.47 1.12 2.42 27.73 2.81 10.25 1.55 1.29 13.56 6.17 0.22 0.53 31.14 99.27 
ST16-03cmnz 0.76 0.95 2.45 26.99 2.81 10.24 1.54 1.47 13.60 6.47 0.16 0.53 29.56 97.55 
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ST16-03cmnz 0.74 1.41 3.04 25.66 2.53 9.69 1.35 1.32 12.20 9.20 0.29 0.74 30.32 98.48 
ST16-03cmnz 0.62 1.23 3.43 25.87 2.69 9.85 1.72 1.64 12.44 6.74 0.23 0.56 30.46 97.49 
ST16-03cmnz 0.56 1.48 3.33 25.23 2.66 9.23 1.75 1.52 12.11 7.58 0.61 0.76 30.81 97.64 
ST16-03cmnz 0.41 0.70 1.78 29.03 2.98 10.85 1.48 1.11 14.83 3.76 0.12 0.31 31.92 99.26 
ST16-03cmnz 0.81 1.24 2.59 26.51 2.77 10.18 1.72 1.63 12.49 7.63 0.11 0.61 30.60 98.91 
ST16-03cmnz 0.35 1.56 1.99 26.30 2.76 9.55 1.63 1.33 13.88 5.99 0.61 0.59 32.52 99.06 
ST16-03cmnz 0.45 0.68 1.40 28.96 2.95 10.60 1.42 1.00 14.96 4.17 0.08 0.36 29.82 96.85 
ST16-03cmnz 0.79 1.09 2.06 27.90 2.87 10.60 1.68 1.30 13.37 7.02 0.11 0.54 31.39 100.73 
ST16-03cmnz 0.16 0.71 1.66 28.69 2.85 10.66 1.75 1.43 15.05 3.13 0.46 0.45 31.28 98.28 
ST16-03cmnz 0.73 0.80 1.51 28.83 2.87 10.67 1.28 0.96 15.07 5.87 0.11 0.42 31.09 100.22 
ST16-03cmnz 0.66 1.15 2.49 26.54 2.94 10.31 1.67 1.42 12.89 6.80 0.17 0.53 30.42 97.97 
ST16-03cmnz 0.30 1.67 1.79 27.46 2.56 8.65 1.29 1.14 15.07 7.01 0.72 0.71 31.60 99.96 
ST16-03cmnz 0.56 1.32 3.40 26.35 2.74 9.89 1.64 1.42 12.89 6.83 0.31 0.59 31.17 99.11 
ST16-03cmnz 0.28 0.49 1.39 30.68 2.92 10.56 1.60 1.18 15.07 3.30 0.34 0.29 31.17 99.28 
ST16-03cmnz 0.21 1.64 2.14 26.68 2.68 9.65 1.51 1.32 13.19 6.76 0.93 0.77 31.29 98.78 
ST16-03cmnz 1.32 0.98 1.52 27.22 2.71 9.49 1.38 1.10 14.11 9.74 0.30 0.77 29.66 100.29 
ST16-03cmnz 0.40 1.73 2.24 26.34 2.76 9.83 1.51 1.26 12.96 7.81 0.63 0.74 31.71 99.91 
ST16-03cmnz 0.39 1.09 2.04 27.62 3.00 10.21 1.54 1.29 14.21 5.64 0.34 0.49 31.25 99.12 
ST16-03cmnz 0.13 0.36 2.77 29.13 3.13 10.72 1.68 1.34 16.00 1.69 0.11 0.15 31.46 98.68 
ST16-03cmnz 0.69 1.16 2.45 26.65 2.81 10.40 1.75 1.52 12.59 7.13 0.12 0.54 30.96 98.76 
ST16-03cmnz 0.60 1.12 2.60 26.87 2.77 10.37 1.54 1.50 13.27 6.58 0.13 0.55 30.72 98.62 
STF10Bmnz 0.29 0.23 1.56 31.70 2.91 10.34 1.67 1.27 16.66 0.54 0.22 0.11 31.31 98.79 
STF10Bmnz 0.24 0.93 1.70 29.53 2.87 10.63 1.92 1.53 15.03 3.02 0.32 0.30 30.99 99.00 
STF10Bmnz 0.28 0.49 2.13 30.26 2.85 10.59 1.87 1.43 15.83 1.77 0.30 0.26 32.03 100.10 
STF10Bmnz 0.27 0.13 0.83 32.78 2.83 9.89 1.13 0.70 19.77 0.32 0.06 0.03 31.87 100.58 
STF10Bmnz 0.21 0.41 2.54 30.15 2.98 10.44 1.90 1.47 15.52 0.61 0.42 0.13 31.69 98.47 
STF10Bmnz 0.33 0.93 1.60 22.53 2.34 8.01 1.32 0.98 11.04 3.54 0.36 0.40 23.36 76.73 
STF10Bmnz 0.20 0.42 1.19 15.10 1.81 5.39 0.81 0.64 8.00 3.23 0.22 0.25 10.76 48.04 
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STF10Bmnz 0.33 0.37 1.24 29.41 2.93 10.89 2.06 1.56 14.67 1.57 0.27 0.22 27.14 92.66 
STF10Bmnz 3.02 3.55 1.64 16.73 1.77 6.72 1.32 1.17 7.82 25.20 0.28 1.93 26.59 97.74 
STF10Bmnz 1.35 2.18 2.28 22.88 2.31 8.46 1.44 1.32 11.20 13.93 0.53 1.22 29.45 98.55 
STF10Bmnz 2.23 2.48 1.98 20.76 2.08 7.84 1.29 1.20 9.93 16.54 0.48 1.42 26.72 94.95 
STF10Bmnz 3.20 2.68 1.74 16.96 1.76 6.69 1.24 1.13 7.90 27.18 0.41 2.10 26.51 99.50 
STF10Bmnz 2.66 2.65 1.48 19.61 2.02 7.82 1.33 1.03 8.49 19.49 0.33 1.51 26.47 94.88 
STF10Bmnz 2.38 2.37 1.41 21.47 2.34 9.05 1.49 1.05 9.11 18.07 0.32 1.37 28.30 98.74 
STF10Bmnz 2.12 2.81 2.00 19.98 2.08 7.89 1.36 1.04 8.85 20.51 0.34 1.64 28.43 99.05 
STF10Bmnz 1.52 2.42 2.34 22.55 2.29 8.48 1.44 1.23 10.78 14.84 0.47 1.28 29.55 99.19 
STF10Bmnz 1.24 2.59 2.05 22.52 2.32 8.61 1.49 1.15 10.43 14.82 0.43 1.28 29.64 98.56 
STF10Bmnz 0.22 1.21 2.41 27.06 2.81 10.57 1.76 1.49 13.66 3.69 0.89 0.54 31.23 97.52 
STF10Bmnz 0.72 1.47 2.80 25.82 2.61 9.61 1.46 1.37 12.47 7.92 0.57 0.78 30.77 98.38 
STF10Bmnz 0.38 0.97 2.05 26.82 2.80 10.33 1.66 1.43 13.51 3.90 0.89 0.65 28.60 93.99 
STF10Bmnz 0.17 1.52 2.98 26.80 2.74 10.64 1.71 1.59 13.30 3.84 0.67 0.51 31.59 98.07 
STF10Bmnz 0.87 1.68 2.48 25.33 2.64 9.27 1.47 1.30 12.32 8.09 0.48 0.72 29.30 95.93 
STF10Bmnz 0.15 1.25 2.48 26.61 2.78 10.70 1.81 1.46 13.58 3.70 0.80 0.53 31.42 97.27 
STF10Bmnz 1.20 1.43 2.64 25.62 2.66 9.54 1.44 1.35 12.37 7.98 0.57 0.74 29.12 96.67 
STF10Bmnz 0.52 0.57 2.35 29.08 2.96 10.69 2.19 1.72 13.72 1.42 0.29 0.22 29.94 95.65 
STF10Bmnz 1.03 1.78 2.79 24.44 2.49 9.09 1.54 1.40 11.64 10.44 0.55 0.99 30.65 98.82 
STF10Bmnz 2.34 3.39 1.71 18.05 1.92 7.05 1.42 1.21 8.26 23.47 0.34 1.68 28.05 98.90 
STF10Bmnz 1.38 2.26 2.42 23.11 2.36 8.60 1.47 1.30 11.27 13.07 0.52 1.15 31.27 100.17 
STF10Bmnz 1.14 2.00 1.26 23.19 2.36 8.81 1.53 1.18 11.31 13.90 0.29 1.16 29.39 97.53 
STF10Bmnz 0.40 0.58 1.47 29.82 2.76 10.15 1.54 1.17 15.16 1.39 0.25 0.18 32.13 97.01 
STF10Bmnz 0.13 0.26 2.84 30.77 2.97 10.35 1.50 1.31 16.04 0.40 0.19 0.08 31.45 98.30 
STF10Bmnz 0.58 0.21 1.01 29.20 2.70 9.87 1.51 1.04 15.16 1.29 0.11 0.14 26.14 88.98 
STF10Bmnz 0.80 1.33 1.98 26.24 2.56 9.43 1.48 1.25 13.14 6.32 0.41 0.60 28.61 94.16 
STF10Bmnz 1.50 2.21 2.27 22.39 2.33 8.42 1.49 1.21 10.67 14.51 0.48 1.28 29.12 97.88 
STF10Bmnz 2.35 2.51 2.30 19.87 2.06 7.54 1.30 1.23 9.65 18.92 1.19 1.73 27.89 98.55 
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STF10Bmnz 1.66 2.19 2.39 22.00 2.15 8.07 1.36 1.15 10.56 14.98 0.57 1.40 27.88 96.36 
STF10Bmnz 0.36 0.83 2.07 28.73 2.80 9.95 1.65 1.25 14.68 3.09 0.28 0.39 30.52 96.60 
STF10Bmnz 0.86 1.56 1.96 24.93 2.49 9.34 1.50 1.27 12.32 8.90 0.44 0.81 27.17 93.54 
STF10Bmnz 0.92 1.10 1.12 18.27 1.39 5.67 0.87 0.72 8.59 6.70 0.38 0.59 14.39 60.71 
STF10Bmnz 0.72 0.95 0.93 29.13 2.93 10.83 1.20 0.81 14.74 6.28 0.08 0.51 30.88 99.98 
STF10Bmnz 1.79 2.58 1.84 21.30 2.31 8.76 1.38 1.16 9.32 17.69 0.30 1.41 28.74 98.57 
STF10Bmnz 1.21 2.13 2.11 22.73 2.45 8.75 1.49 1.14 10.97 13.32 0.47 1.18 28.18 96.11 
ST16-31Amnz 0.67 0.62 1.35 28.83 2.76 10.18 1.58 1.07 14.34 3.99 0.14 0.33 31.66 97.51 
ST16-31Amnz 0.65 0.72 1.34 28.23 2.77 9.88 1.40 1.11 14.32 3.95 0.23 0.29 29.48 94.36 
ST16-31Amnz 0.56 0.65 1.44 29.06 2.85 10.13 1.55 1.21 14.67 4.22 0.20 0.29 31.33 98.18 
ST16-31Amnz 0.54 0.54 1.28 30.39 2.98 10.52 1.51 1.01 15.56 2.57 0.15 0.15 31.75 98.94 
ST16-31Amnz 1.27 1.49 1.55 24.12 2.45 9.02 1.51 1.08 12.69 10.86 0.19 0.58 29.91 96.72 
ST16-31Amnz 0.91 0.89 1.61 28.82 2.90 10.30 1.60 1.26 14.45 4.85 0.24 0.37 30.01 98.20 
ST16-31Amnz 0.88 0.41 1.24 27.05 2.51 9.41 1.46 1.05 13.24 2.46 0.32 0.20 31.99 92.24 
ST16-31Amnz 0.41 0.45 1.20 28.91 2.83 10.52 1.59 1.17 14.74 2.06 0.25 0.35 27.92 92.41 
ST16-31Amnz 0.37 0.47 1.43 30.11 2.99 10.66 1.62 1.15 15.27 2.64 0.15 0.19 30.72 97.78 
ST16-31Amnz 0.75 0.89 1.33 29.17 2.99 10.48 1.68 1.21 14.39 4.25 0.11 0.36 29.33 96.94 
ST16-31Amnz 0.51 0.66 1.58 28.13 2.75 10.34 1.62 1.17 14.45 4.68 0.18 0.28 30.58 96.94 
ST16-31Amnz 1.49 1.35 1.58 26.13 2.53 9.55 1.51 1.16 13.15 10.19 0.25 0.78 30.28 99.95 
ST16-31Amnz 0.78 0.71 1.58 27.63 2.76 10.20 1.61 1.20 13.83 5.32 0.20 0.33 29.94 96.08 
ST16-31Amnz 0.89 1.61 2.25 24.91 2.30 8.47 1.48 1.35 13.81 8.22 0.49 0.87 29.07 95.71 
ST16-31Amnz 0.67 1.58 1.34 26.37 2.41 8.21 1.17 0.99 15.91 8.47 0.38 0.83 30.62 98.96 
ST16-31Amnz 0.60 0.63 1.50 28.93 2.85 10.45 1.69 1.19 14.12 4.67 0.26 0.29 30.14 97.32 
ST16-31Amnz 1.08 0.84 1.30 27.81 2.72 10.09 1.56 1.16 14.04 6.42 0.16 0.51 29.41 97.08 
ST16-31Amnz 0.85 0.71 1.41 29.30 2.78 10.33 1.55 1.21 14.58 4.95 0.17 0.39 30.83 99.07 
ST16-31Amnz 1.05 0.92 1.57 28.18 2.70 9.99 1.49 1.13 14.64 6.09 0.20 0.45 31.62 100.02 
ST16-31Jmnz 0.35 1.07 0.93 28.45 2.88 10.47 1.83 1.37 14.82 4.74 0.17 0.40 30.99 98.47 
ST16-31Jmnz 0.48 0.73 1.04 28.43 2.80 10.09 1.54 1.12 14.96 4.15 0.43 0.36 29.55 95.68 
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ST16-31Jmnz 0.60 1.14 1.10 26.23 2.75 10.11 1.68 1.27 13.72 5.23 0.33 0.41 26.64 91.20 
ST16-31Jmnz 0.23 0.52 1.30 29.78 3.00 10.67 1.85 1.44 15.36 1.86 0.51 0.25 31.29 98.05 
ST16-31Jmnz 0.37 0.45 8.86 22.40 2.43 8.03 1.39 2.19 12.48 3.29 0.45 0.35 27.12 89.79 
ST16-31Jmnz 0.32 0.88 1.09 28.53 2.78 10.61 1.86 1.34 14.32 3.29 0.58 0.43 30.73 96.76 
ST16-31Jmnz 0.25 0.67 1.09 29.17 2.96 10.49 1.66 1.22 15.33 3.35 0.46 0.37 30.69 97.72 
ST16-31Jmnz 0.21 0.48 1.05 30.09 3.02 10.84 1.73 1.27 15.67 2.25 0.41 0.29 31.34 98.65 
ST16-31Jmnz 0.32 0.54 1.45 29.54 2.94 11.06 2.20 1.88 14.73 1.46 0.65 0.29 30.27 97.32 
ST16-31Jmnz 0.32 0.65 1.15 29.49 3.04 10.80 2.10 1.78 14.89 2.13 0.43 0.24 30.93 97.96 
ST16-31Jmnz 0.22 0.45 0.99 31.20 3.00 10.60 1.72 1.23 16.28 0.84 0.14 0.09 30.13 96.89 
ST16-31Jmnz 0.51 0.67 1.59 28.05 2.74 10.20 2.03 1.60 14.25 2.94 0.56 0.32 29.56 95.02 
ST16-31Jmnz 0.28 1.45 1.28 27.12 2.66 9.65 1.61 1.28 14.04 4.76 1.12 0.66 29.36 95.27 
ST16-31Jmnz 0.31 0.75 0.78 27.28 2.69 9.70 1.55 1.12 14.29 4.33 0.33 0.32 25.22 88.67 
ST16-31Jmnz 0.49 0.42 1.47 29.06 2.93 10.65 1.85 1.36 15.48 0.62 0.81 0.29 27.17 92.59 
ST16-31Jmnz 0.20 1.58 1.48 26.80 2.69 9.44 1.54 1.12 14.21 5.14 1.80 0.91 30.06 96.98 
ST16-31Jmnz 0.51 0.90 1.10 27.98 2.77 10.20 1.69 1.14 14.77 4.10 0.38 0.38 28.16 94.07 
ST16-31Jmnz 0.73 0.22 0.99 28.02 2.64 9.74 1.51 1.03 14.54 0.73 0.32 0.15 30.74 91.36 
ST16-31Jmnz 0.76 0.53 0.94 29.95 2.75 10.15 1.58 1.18 15.81 1.85 0.33 0.24 30.54 96.60 
ST16-31Jmnz 0.38 0.89 1.06 28.21 2.85 10.57 1.87 1.50 14.10 3.42 0.36 0.39 26.91 92.49 
ST16-31Jmnz 0.42 1.32 1.19 25.16 2.56 8.94 1.39 1.07 13.35 5.22 0.82 0.72 26.76 88.92 
ST16-31Jmnz 0.32 1.47 1.16 27.69 2.83 10.33 1.71 1.18 14.41 4.97 0.60 0.55 30.62 97.86 
ST16-31Jmnz 0.32 0.82 1.16 29.10 3.13 10.66 1.85 1.47 14.83 2.64 0.42 0.35 31.23 97.99 
ST16-31Jmnz 0.28 0.73 0.91 29.37 2.96 10.91 1.94 1.46 14.81 2.35 0.22 0.27 31.26 97.48 
ST16-31Jmnz 0.16 1.40 1.32 27.52 2.78 9.80 1.58 1.25 14.41 4.81 1.14 0.59 31.35 98.11 
ST16-31Jmnz 0.29 1.30 1.05 26.83 2.78 9.91 1.49 1.09 14.61 4.17 0.58 0.55 27.75 92.40 
ST16-31Jmnz 0.48 0.85 1.15 28.81 2.86 11.09 2.35 1.83 13.41 4.86 0.22 0.45 31.31 99.67 
ST16-31Jmnz 0.32 1.26 1.20 28.31 2.83 10.22 1.76 1.26 14.49 5.21 0.55 0.54 32.27 100.21 
ST16-31Jmnz 0.21 0.32 0.93 30.67 2.95 10.65 1.68 1.09 16.66 1.11 0.34 0.17 30.53 97.33 
ST16-31Jmnz 0.33 0.56 0.95 28.42 2.92 10.70 2.05 1.61 14.33 3.57 0.38 0.36 30.11 96.28 
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ST16-31Jmnz 0.39 0.68 1.06 29.47 2.97 10.85 1.72 1.26 15.80 1.61 0.36 0.27 31.03 97.46 
ST16-31Jmnz 0.50 1.51 1.21 26.57 2.57 9.25 1.45 1.17 13.99 5.79 1.45 0.79 28.03 94.29 
STF02Bmnz 0.51 0.51 1.08 29.29 2.82 9.93 1.64 1.36 17.01 2.23 0.24 0.28 30.83 97.71 
STF02Bmnz 0.37 0.70 1.26 29.24 2.77 9.80 1.53 1.38 15.95 3.71 0.34 0.35 30.52 97.92 
STF02Bmnz 0.47 0.77 1.58 29.62 2.76 10.32 1.75 1.31 14.99 3.90 0.31 0.35 31.90 100.04 
STF02Bmnz 0.73 0.99 1.05 28.33 2.83 10.15 1.63 1.35 14.56 4.26 0.27 0.44 29.31 95.92 
STF02Bmnz 0.53 0.53 1.11 29.93 2.88 10.25 1.62 1.20 15.53 2.05 0.29 0.26 29.56 95.74 
STF02Bmnz 0.78 1.28 1.85 27.06 2.76 9.64 1.53 1.30 13.34 6.99 0.30 0.59 29.15 96.57 
STF02Bmnz 0.78 0.96 1.44 28.83 2.68 9.67 1.51 1.20 14.52 5.22 0.30 0.43 29.62 97.17 
STF02Bmnz 0.43 0.62 1.50 30.03 2.96 10.25 1.75 1.39 15.46 2.91 0.37 0.32 32.28 100.28 
STF02Bmnz 0.97 0.46 0.78 27.59 2.77 9.47 1.42 1.02 14.25 2.13 0.26 0.23 20.93 82.29 
STF02Bmnz 0.49 0.84 1.45 29.60 2.86 10.51 1.62 1.27 15.04 3.68 0.23 0.34 31.03 98.95 
STF02Bmnz 0.55 0.68 1.41 28.40 2.76 9.89 1.60 1.18 14.73 4.45 0.29 0.32 30.14 96.39 
STF02Bmnz 0.47 0.46 1.30 31.17 2.94 9.90 1.38 1.23 17.12 1.68 0.29 0.25 31.65 99.83 
STF02Bmnz 0.64 1.04 1.85 28.41 2.79 10.12 1.60 1.37 14.40 5.07 0.30 0.48 31.36 99.44 
STF02Bmnz 0.80 1.03 1.68 28.28 2.67 10.18 1.61 1.27 14.42 5.11 0.29 0.47 30.88 98.69 
STF02Bmnz 0.87 0.86 1.40 28.74 2.76 9.80 1.53 1.30 14.80 3.72 0.39 0.35 31.47 97.99 
STF02Bmnz 0.60 1.28 1.82 27.67 2.79 9.88 1.59 1.39 13.66 6.69 0.33 0.59 30.71 98.99 
STF02Bmnz 0.50 0.55 1.77 30.34 2.95 9.78 1.15 0.99 16.39 0.59 0.73 0.26 29.27 95.26 
STF02Bmnz 0.60 0.31 1.79 31.29 2.84 9.67 1.31 1.01 16.92 0.53 0.45 0.16 30.16 97.04 
STF02Bmnz 0.43 1.06 1.80 29.04 2.76 9.67 1.46 1.23 15.24 4.89 0.56 0.48 32.09 100.71 
STF02Bmnz 0.20 0.56 2.02 29.52 2.97 10.56 1.65 1.23 15.17 1.54 0.52 0.31 30.20 96.42 
STF02Bmnz 0.62 0.70 1.28 28.40 2.76 10.39 1.60 1.27 14.47 2.59 0.23 0.29 26.60 91.20 
STF02Bmnz 0.55 0.42 2.09 28.41 2.98 10.14 1.59 1.31 14.48 1.02 0.38 0.20 27.97 91.55 
STF02Bmnz 0.20 0.51 1.29 30.14 2.86 9.98 1.43 1.17 16.59 1.56 0.30 0.22 30.73 96.99 
STF02Bmnz 0.48 0.96 1.38 27.96 2.58 9.51 1.51 1.28 14.75 4.81 0.33 0.52 29.38 95.46 
STF02Bmnz 0.99 1.07 1.37 26.20 2.65 9.39 1.48 1.09 13.47 5.81 0.37 0.57 25.51 89.96 
STF02Bmnz 0.54 1.08 1.77 27.32 2.78 10.00 1.57 1.35 13.88 5.86 0.33 0.53 30.47 97.47 
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STF02Bmnz 0.57 1.10 1.90 27.38 2.66 9.72 1.53 1.27 13.68 5.83 0.36 0.55 29.18 95.72 
STF02Bmnz 0.71 1.28 1.86 26.61 2.76 9.75 1.46 1.27 13.35 6.93 0.34 0.63 28.99 95.92 
STF02Bmnz 0.60 1.22 1.91 26.85 2.66 9.72 1.48 1.30 13.58 6.86 0.35 0.63 29.98 97.16 
STF02Bmnz 0.44 0.92 1.63 28.65 2.88 10.07 1.57 1.24 14.63 4.27 0.35 0.41 30.34 97.38 
STF02Bmnz 0.58 0.90 1.51 29.13 2.80 9.90 1.52 1.29 15.48 3.16 0.30 0.33 31.32 98.21 
STF02Bmnz 0.67 0.57 2.65 28.66 2.96 11.28 2.20 1.98 13.73 1.38 0.48 0.24 30.72 97.54 
STF02Bmnz 0.31 0.53 1.10 29.12 2.76 10.25 1.77 1.45 16.07 2.88 0.25 0.24 30.97 97.69 
STF02Bmnz 0.33 0.72 1.30 29.37 2.81 10.02 1.55 1.16 15.24 3.52 0.32 0.36 30.70 97.40 
STF02Bmnz 0.43 0.81 1.57 29.44 2.80 9.97 1.49 1.30 15.65 3.12 0.37 0.39 30.17 97.52 
ST16-09mnz 0.32 1.00 3.34 26.59 2.46 8.65 1.43 1.41 16.49 3.76 1.01 0.58 31.56 98.59 
ST16-09mnz 0.78 1.05 4.45 25.16 2.82 10.82 1.85 1.83 11.23 5.80 0.72 0.66 31.05 98.21 
ST16-09mnz 0.30 1.41 4.49 24.56 2.63 10.15 1.86 1.88 11.38 5.40 1.28 0.77 31.59 97.71 
ST16-09mnz 0.36 0.98 2.53 27.42 2.86 10.41 1.81 1.53 13.88 4.57 0.45 0.49 31.10 98.39 
ST16-09mnz 0.44 1.02 3.89 25.73 2.82 10.82 1.87 1.71 11.86 5.27 0.71 0.57 31.09 97.81 
ST16-09mnz 0.43 1.04 2.81 26.87 2.83 10.65 1.81 1.61 13.26 4.88 0.57 0.54 31.56 98.84 
ST16-09mnz 0.42 1.15 4.08 25.43 2.61 9.53 1.68 1.72 13.63 4.52 1.11 0.66 31.57 98.11 
ST16-09mnz 0.27 1.18 4.32 25.54 2.78 10.47 1.99 1.82 11.77 3.40 1.57 0.67 30.27 96.05 
ST16-09mnz 0.45 1.13 4.70 25.39 2.78 10.46 1.92 1.84 11.26 3.97 1.24 0.66 31.57 97.37 
ST16-09mnz 0.22 1.15 4.54 25.93 2.95 10.30 1.91 1.80 11.75 3.45 1.66 0.70 31.58 97.95 
ST16-09mnz 0.22 1.22 4.46 26.01 2.84 10.14 1.95 1.77 12.08 3.27 1.77 0.78 32.15 98.65 
ST16-09mnz 0.28 1.29 4.57 25.47 2.78 10.35 1.84 1.80 11.67 4.02 1.68 0.75 31.39 97.89 
ST16-09mnz 0.29 1.18 4.19 26.30 2.85 10.11 1.81 1.74 12.27 3.64 1.56 0.71 31.11 97.75 
ST16-09mnz 0.37 1.32 4.61 25.43 2.73 10.27 1.90 1.77 11.58 4.85 1.23 0.76 31.47 98.29 
ST16-09mnz 0.48 1.04 2.29 27.61 2.88 10.40 1.80 1.43 13.91 4.98 0.39 0.50 31.19 98.89 
ST16-09mnz 0.35 1.19 4.48 25.79 2.85 10.21 1.89 1.73 12.09 4.30 1.14 0.65 31.49 98.16 
ST16-09mnz 0.31 1.18 3.35 26.52 2.63 9.22 1.61 1.44 15.17 3.32 1.23 0.63 31.15 97.75 
ST16-09mnz 0.23 1.23 5.03 25.71 2.83 10.18 2.02 1.92 11.69 3.27 1.71 0.78 32.53 99.14 
ST16-09mnz 0.26 1.18 5.10 25.45 2.73 9.87 1.88 1.78 12.05 3.52 1.64 0.76 32.01 98.24 
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ST16-09mnz 0.21 1.13 4.73 25.72 2.76 10.05 1.91 1.82 12.09 3.61 1.57 0.71 31.92 98.23 
ST16-09mnz 0.32 1.06 4.17 26.33 2.81 10.07 1.70 1.64 12.41 3.89 1.14 0.60 31.17 97.32 
ST16-09mnz 0.33 1.28 4.60 25.39 2.79 10.36 1.89 1.82 11.55 4.62 1.30 0.77 30.94 97.66 
ST16-09mnz 0.42 1.22 4.37 25.89 2.74 9.83 1.86 1.74 11.87 4.39 1.19 0.70 30.56 96.77 
ST16-09mnz 0.27 1.24 4.65 25.50 2.77 10.30 1.91 1.87 11.73 4.06 1.49 0.76 31.50 98.04 
ST16-09mnz 0.30 1.18 4.61 25.35 2.67 9.88 1.79 1.78 12.13 4.03 1.44 0.75 31.47 97.37 
ST16-09mnz 0.28 1.19 4.62 25.45 2.77 10.23 1.96 1.84 12.00 3.94 1.45 0.71 31.31 97.76 
ST16-09mnz 0.25 1.18 4.25 25.34 2.80 10.03 1.79 1.71 11.84 3.97 1.25 0.66 31.66 96.71 
ST16-09mnz 0.28 1.07 4.57 25.78 2.75 9.98 1.86 1.77 12.50 3.47 1.52 0.71 31.73 97.99 
ST16-09mnz 0.31 1.23 4.40 25.57 2.81 10.01 1.71 1.61 12.34 4.10 1.34 0.73 31.64 97.80 
ST16-09mnz 0.32 1.30 4.59 24.92 2.73 10.14 1.81 1.83 12.00 5.34 0.92 0.69 31.56 98.14 
ST16-09mnz 0.30 1.22 4.36 25.43 2.74 10.21 1.83 1.79 12.20 5.04 0.83 0.62 31.70 98.27 
ST16-09mnz 0.37 1.07 3.91 26.41 2.75 10.29 1.77 1.61 12.48 4.99 0.61 0.56 31.10 97.91 
ST16-09mnz 0.30 1.29 4.65 25.14 2.72 10.23 1.80 1.83 11.91 5.45 0.85 0.69 31.21 98.07 
ST16-09mnz 0.31 1.08 4.12 26.41 2.70 9.89 1.67 1.63 13.39 4.15 0.89 0.59 31.17 98.02 
ST16-09mnz 0.23 0.94 3.28 26.88 2.72 10.21 1.85 1.68 14.80 1.59 1.08 0.45 31.18 96.90 
ST16-09mnz 0.38 1.06 4.73 25.79 2.81 10.23 1.81 1.87 12.25 4.45 0.79 0.55 31.48 98.20 
ST16-09mnz 0.33 1.17 4.63 25.33 2.76 9.96 1.82 1.76 12.27 4.79 1.00 0.66 31.10 97.60 
ST16-09mnz 0.41 1.11 4.36 26.02 2.63 9.95 1.75 1.70 13.08 4.31 1.00 0.63 31.01 97.97 
ST16-09mnz 0.34 1.25 4.26 25.40 2.75 10.14 1.86 1.78 12.09 5.33 0.85 0.65 31.52 98.23 
ST16-09mnz 0.32 1.07 4.04 26.40 2.69 9.72 1.73 1.67 14.08 4.08 1.00 0.61 31.78 99.19 
ST16-09mnz 0.42 1.08 3.76 26.25 2.74 9.99 1.76 1.66 12.87 5.20 0.64 0.60 31.24 98.21 
ST16-09mnz 0.37 1.09 4.27 25.29 2.68 9.75 1.83 1.75 12.44 4.35 0.94 0.60 30.65 96.03 
ST16-09mnz 0.34 1.28 4.46 25.27 2.74 10.31 1.83 1.84 12.19 5.08 0.94 0.67 31.56 98.52 
ST16-09mnz 0.35 0.89 2.70 27.54 2.90 10.53 1.75 1.47 13.57 4.55 0.46 0.45 31.25 98.41 
ST16-09mnz 0.36 1.14 4.41 25.92 2.86 9.93 1.83 1.71 12.42 4.56 1.07 0.64 31.35 98.19 
ST16-09mnz 0.42 1.13 2.04 26.83 2.79 10.17 1.73 1.41 13.47 5.67 0.38 0.54 30.73 97.30 
ST16-09mnz 0.44 1.01 3.06 27.00 2.77 10.34 1.74 1.47 13.17 4.84 0.68 0.54 31.37 98.42 
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ST16-09mnz 0.54 1.09 4.34 25.40 2.83 10.35 1.70 1.81 11.69 5.34 0.88 0.68 31.20 97.85 
STF33mnz 0.27 2.72 1.58 23.47 2.51 8.92 1.77 1.38 11.62 10.58 0.56 0.99 30.96 97.34 
STF33mnz 0.18 0.10 1.03 31.28 2.96 10.84 1.76 1.21 16.65 0.00 0.00 0.00 29.91 95.94 
STF33mnz 0.40 0.58 1.23 28.36 2.80 10.32 1.85 1.29 14.39 0.00 0.00 0.00 29.96 91.17 
STF33mnz 0.27 0.54 1.31 30.52 3.02 10.94 1.91 1.38 15.97 0.00 0.00 0.00 31.81 97.67 
STF33mnz 0.17 0.39 1.53 29.95 2.97 11.09 2.03 1.44 15.87 0.00 0.00 0.00 31.52 96.96 
STF33mnz 0.38 0.67 1.31 28.48 2.82 10.41 1.78 1.34 14.68 0.00 0.00 0.00 30.90 92.78 
STF33mnz 0.25 0.25 1.66 29.40 2.99 11.40 2.28 1.74 15.59 0.00 0.00 0.00 29.12 94.68 
STF33mnz 0.44 0.35 1.18 26.72 2.73 9.84 1.79 1.28 14.50 0.00 0.00 0.00 30.08 88.91 
STF33mnz 0.35 1.19 1.52 27.00 2.77 10.23 1.89 1.42 13.57 4.70 0.42 0.45 31.89 97.39 
STF33mnz 0.45 1.16 1.30 28.05 2.86 10.41 1.97 1.37 14.12 4.80 0.40 0.43 30.26 97.59 
STF33mnz 0.19 0.21 1.41 30.39 2.87 10.81 2.02 1.48 15.32 1.86 0.16 0.10 30.51 97.32 
STF33mnz 0.43 0.45 1.73 30.23 2.83 10.67 2.04 1.64 15.25 1.85 0.14 0.15 32.72 100.13 
STF33mnz 0.18 0.24 1.58 30.12 2.95 10.64 1.83 1.44 15.60 0.92 0.13 0.09 30.53 96.26 
STF33mnz 0.45 0.73 1.35 27.70 2.75 10.94 2.30 1.87 13.77 3.31 0.18 0.29 30.39 96.04 
STF33mnz 0.35 1.24 1.41 27.85 2.80 10.13 1.86 1.31 14.07 5.38 0.43 0.46 31.49 98.79 
STF33mnz 0.22 0.22 1.53 30.10 2.98 10.75 2.27 1.85 15.08 0.85 0.16 0.09 30.78 96.86 
STF33mnz 0.36 0.76 1.40 29.01 3.12 10.61 2.14 1.72 14.55 1.89 0.20 0.26 29.99 96.00 
STF33mnz 0.44 1.39 1.74 26.46 2.75 9.71 1.72 1.40 13.22 5.34 0.61 0.52 30.63 95.93 
STF33mnz 0.32 0.91 2.13 28.08 2.82 10.49 1.92 1.56 15.32 2.26 0.27 0.28 31.81 98.16 
STF33mnz 0.54 0.78 1.00 28.50 2.85 10.51 1.93 1.41 14.68 2.58 0.30 0.30 26.44 91.81 
STF33mnz 0.47 0.55 1.24 29.10 2.92 10.39 1.90 1.31 15.79 2.12 0.07 0.21 29.95 96.03 
STF33mnz 0.20 0.19 1.61 31.31 3.00 10.77 1.88 1.27 17.23 0.09 0.06 0.00 31.58 99.20 
STF33mnz 0.36 0.81 1.18 28.96 2.99 10.55 1.81 1.41 14.71 3.69 0.23 0.31 31.06 98.06 
STF33mnz 0.22 0.28 1.14 30.06 2.88 10.52 1.79 1.22 15.91 2.05 0.22 0.12 31.09 97.50 
STF33mnz 0.37 0.32 1.21 29.69 2.83 10.74 1.91 1.26 15.61 1.55 0.25 0.13 28.97 94.82 
STF33mnz 0.88 3.80 1.59 17.53 1.78 6.99 1.47 1.20 7.91 22.62 0.72 1.71 28.51 96.71 
STF33mnz 0.46 2.41 1.40 23.89 2.55 9.29 1.66 1.38 11.95 10.32 0.51 1.06 30.21 97.10 
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STF33mnz 0.60 2.28 1.65 24.19 2.44 9.22 1.75 1.37 11.71 10.39 0.53 0.82 29.41 96.37 
STF33mnz 0.51 1.77 1.28 25.88 2.52 9.30 1.71 1.29 13.14 8.70 0.28 0.67 30.23 97.28 
STF33mnz 0.39 1.42 1.74 26.57 2.65 9.74 1.76 1.38 13.29 5.09 0.45 0.59 30.58 95.64 
STF33mnz 0.15 0.29 1.38 29.82 2.93 11.02 2.01 1.47 15.32 0.80 0.22 0.11 31.00 96.52 
STF33mnz 0.39 1.22 1.21 27.39 2.80 10.12 1.84 1.29 13.68 5.76 0.41 0.53 31.54 98.19 
STF33mnz 0.31 0.43 1.07 29.98 2.99 10.69 1.90 1.36 15.24 3.13 0.18 0.22 32.12 99.61 
STF16Amnz 0.64 0.77 1.25 27.87 2.93 10.57 1.85 1.50 13.41 3.20 0.38 0.00 30.29 94.66 
STF16Amnz 0.37 1.32 2.05 27.29 3.09 10.46 1.64 1.36 14.10 5.43 0.71 0.00 29.73 97.55 
STF16Amnz 0.49 1.26 2.51 26.19 2.97 10.64 1.76 1.42 13.26 5.60 0.58 0.00 28.36 95.03 
STF16Amnz 0.36 1.22 2.71 26.15 3.01 10.62 1.68 1.37 13.06 5.16 0.59 0.00 30.03 95.96 
STF16Amnz 0.67 1.32 2.13 26.89 2.81 10.00 1.58 1.31 13.82 5.19 0.75 0.00 31.04 97.51 
STF16Amnz 0.40 1.28 1.91 26.74 2.99 10.64 1.74 1.43 13.64 5.54 0.60 0.00 30.33 97.24 
STF16Amnz 0.25 1.58 1.35 27.21 2.85 10.18 1.58 1.24 14.47 4.62 1.45 0.00 31.10 97.86 
STF16Amnz 0.22 0.86 1.11 28.98 2.97 10.86 1.93 1.45 14.16 5.36 0.57 0.00 31.02 99.48 
STF16Amnz 0.51 1.18 1.26 26.51 2.81 10.18 1.73 1.33 13.61 5.46 1.47 0.00 29.61 95.67 
STF16Amnz 0.45 1.30 1.98 26.61 2.98 10.78 1.79 1.46 13.24 5.70 0.61 0.00 30.35 97.25 
STF16Amnz 0.42 1.35 1.46 26.73 2.95 10.31 1.59 1.27 13.91 5.09 0.63 0.00 30.19 95.91 
STF16Amnz 0.52 1.32 2.43 26.81 2.90 10.27 1.57 1.42 13.82 4.70 0.60 0.00 30.46 96.83 
STF16Amnz 0.65 1.16 2.31 25.95 2.96 10.24 1.67 1.25 13.14 4.94 0.45 0.00 31.11 95.85 
STF16Amnz 0.40 0.74 1.41 27.81 3.09 10.42 1.58 1.10 15.09 3.86 0.43 0.00 28.46 94.37 
STF16Amnz 0.46 1.27 2.93 25.76 2.89 10.47 1.78 1.46 12.85 5.17 0.47 0.00 30.09 95.60 
STF16Amnz 0.34 0.73 1.08 29.64 3.27 11.13 1.74 1.23 16.11 1.84 0.52 0.00 30.16 97.79 
STF16Amnz 0.40 1.30 2.05 26.73 3.01 10.55 1.59 1.37 13.79 5.25 0.59 0.00 30.42 97.06 
STF16Amnz 1.02 1.31 2.35 25.61 2.74 9.71 1.44 1.27 13.40 4.95 0.74 0.00 31.33 95.85 
STF16Amnz 0.45 1.37 1.44 26.95 2.91 10.15 1.52 1.22 14.50 4.61 0.70 0.00 29.08 94.88 
STF16Amnz 0.39 1.31 1.61 27.63 3.09 10.53 1.62 1.25 14.82 4.98 0.50 0.00 29.55 97.27 
STF16Amnz 0.47 1.20 1.96 26.68 2.95 10.31 1.64 1.22 13.73 5.70 0.62 0.00 29.83 96.31 
STF16Amnz 0.30 1.04 0.96 28.48 3.25 11.19 1.70 1.08 14.86 1.72 0.40 0.00 29.62 94.61 
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STF16Amnz 0.78 1.22 1.43 27.44 3.02 10.11 1.54 1.13 14.45 5.13 1.04 0.00 30.04 97.34 
STF33Pmnz 0.28 0.82 0.88 28.36 3.05 10.78 1.79 1.29 15.54 4.85 0.18 0.00 30.25 98.07 
STF33Pmnz 0.33 0.63 0.87 30.26 3.29 10.97 1.65 1.22 16.66 1.32 0.29 0.00 29.82 97.31 
STF33Pmnz 0.33 0.87 1.11 28.44 2.98 11.14 2.01 1.70 14.60 4.20 0.32 0.00 29.74 97.43 
STF33Pmnz 0.32 0.78 1.05 28.19 3.09 11.07 2.01 1.35 14.82 4.51 0.24 0.00 29.67 97.10 
STF33Pmnz 0.35 1.18 1.06 22.88 2.05 8.31 1.38 1.03 11.64 2.20 0.26 0.00 29.78 82.12 
STF33Pmnz 0.37 1.13 1.29 28.00 3.14 10.95 1.83 1.32 14.87 4.59 0.39 0.00 30.22 98.10 
STF33Pmnz 0.35 1.11 1.04 27.58 3.08 10.69 1.81 1.40 14.52 4.73 0.37 0.00 29.88 96.56 
STF33Pmnz 0.31 0.92 1.00 27.96 3.01 10.66 1.95 1.24 14.90 4.77 0.24 0.00 29.75 96.72 
STF33Pmnz 0.37 0.33 0.75 30.22 3.41 11.54 2.14 1.60 15.92 0.98 0.20 0.00 31.93 99.40 
STF33Pmnz 0.32 0.38 0.35 13.22 1.23 4.74 0.80 0.54 7.25 1.76 0.27 0.00 29.73 60.60 
STF33Pmnz 0.43 0.56 0.76 29.49 3.32 11.61 1.99 1.42 15.38 1.86 0.17 0.00 29.48 96.49 
STF33Pmnz 0.51 0.51 0.82 29.66 3.23 11.63 2.24 1.66 15.32 1.17 0.18 0.00 28.45 95.37 
STF33Pmnz 0.57 0.17 29.05 2.98 0.87 1.79 0.04 2.01 1.74 0.79 0.89 0.00 29.33 70.24 
STF33Pmnz 6.92 1.78 1.31 25.72 2.84 9.66 1.41 0.99 14.28 1.47 0.16 0.00 21.96 88.51 
STF33Pmnz 4.27 1.32 1.03 25.48 2.63 10.00 1.72 1.26 12.90 4.12 0.52 0.00 29.16 94.41 
STF33Pmnz 0.46 1.06 1.22 27.06 2.99 10.67 1.73 1.17 14.20 5.32 0.60 0.00 30.62 97.12 
STF33Pmnz 2.59 1.06 1.01 26.63 3.03 10.79 1.82 1.23 14.15 4.64 0.44 0.00 27.52 94.92 
STF33Pmnz 0.58 1.16 1.16 27.43 3.01 10.69 1.73 1.26 14.37 5.34 0.59 0.00 30.33 97.67 
STF33Pmnz 0.40 0.94 0.96 28.12 3.00 10.72 1.92 1.30 14.71 4.64 0.44 0.00 30.59 97.75 
STF33Pmnz 0.90 1.67 0.87 27.01 2.92 11.10 2.07 1.61 13.78 5.54 0.21 0.00 27.62 95.30 
STF33Pmnz 87.28 0.24 0.54 7.23 1.70 3.93 0.62 0.26 4.42 2.46 0.16 0.00 3.22 112.06 
STF33Pmnz 84.74 0.40 0.84 10.81 2.49 5.87 0.87 0.52 6.58 3.93 0.21 0.00 6.68 123.93 
STF33Pmnz 44.33 0.86 1.20 26.77 2.69 10.08 1.72 1.19 14.28 4.61 0.40 0.00 18.86 127.01 
STF33Pmnz 97.69 0.05 0.00 0.08 0.05 0.05 0.02 0.00 0.05 0.06 0.02 0.00 0.11 98.17 
STF04Amnz 0.42 0.50 1.41 30.42 3.19 11.49 1.93 1.43 15.34 2.11 0.15 0.00 32.60 100.99 
STF04Amnz 0.48 0.47 1.53 30.17 3.15 11.55 1.85 1.35 15.09 2.45 0.14 0.00 31.83 100.06 
STF04Amnz 0.46 0.48 1.37 31.37 3.41 11.50 1.86 1.31 15.87 2.38 0.15 0.00 31.05 101.21 
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STF04Amnz 0.48 0.67 1.39 30.68 3.28 11.73 1.87 1.23 15.29 1.97 0.19 0.00 31.08 99.87 
STF04Amnz 0.51 0.91 2.00 26.51 2.95 10.73 1.80 1.30 13.05 5.51 0.46 0.00 29.58 95.30 
STF04Amnz 0.71 0.71 2.26 28.28 3.12 10.99 1.77 1.45 14.12 3.59 0.35 0.00 30.61 97.96 
STF04Amnz 0.37 0.50 1.28 30.04 3.27 11.14 1.69 1.17 15.06 3.24 0.12 0.00 30.43 98.32 
STF04Amnz 0.38 0.52 1.38 29.52 3.16 11.04 1.75 1.21 15.16 3.40 0.19 0.00 29.73 97.45 
STF04Amnz 0.40 0.59 1.28 30.75 3.18 11.62 1.74 1.17 15.75 2.78 0.14 0.00 31.52 100.93 
STF04Amnz 0.45 0.62 1.27 30.68 3.20 11.21 1.89 1.16 15.32 2.53 0.15 0.00 29.39 97.88 
STF04Amnz 0.85 0.70 1.16 27.71 3.16 10.93 1.69 1.17 13.87 3.59 0.14 0.00 29.35 94.32 
STF04Amnz 0.71 0.85 1.37 28.84 3.05 10.81 1.70 1.14 14.35 4.21 0.23 0.00 29.43 96.69 
STF04Amnz 1.24 0.24 0.65 30.91 3.02 10.90 1.42 0.89 16.83 2.83 0.04 0.00 27.48 96.45 
STF04Amnz 0.50 0.48 1.34 28.48 3.17 10.69 1.76 1.18 14.35 1.94 0.18 0.00 31.20 95.26 
STF04Amnz 0.51 0.59 1.33 28.88 3.21 11.23 1.71 1.24 14.44 2.60 0.21 0.00 29.69 95.64 
STF04Amnz 0.63 0.56 1.43 29.39 3.05 11.15 1.74 1.30 14.57 3.28 0.34 0.00 28.34 95.78 
STF04Amnz 0.60 0.81 1.25 29.56 3.22 10.84 1.69 1.21 15.14 3.89 0.18 0.00 30.97 99.38 
STF04Amnz 0.70 0.80 1.24 29.71 3.07 10.54 1.62 1.15 15.22 4.16 0.15 0.00 31.77 100.12 
STF04Amnz 0.64 0.77 1.26 29.74 3.16 10.91 1.70 1.28 15.00 4.42 0.16 0.00 30.85 99.88 
STF04Amnz 0.45 0.70 1.53 29.15 3.17 10.90 1.82 1.33 14.55 3.59 0.26 0.00 32.15 99.59 
STF04Amnz 1.70 1.19 1.28 24.66 2.79 9.68 1.52 1.11 11.96 11.76 0.25 0.00 26.75 94.65 
STF04Amnz 0.43 0.54 1.20 30.34 3.23 11.33 1.75 1.20 15.30 2.45 0.13 0.00 29.48 97.38 
STF04Amnz 0.56 0.69 1.28 28.32 3.18 11.04 1.76 1.23 14.10 3.75 0.21 0.00 28.11 94.24 
STF04Amnz 0.53 0.55 1.15 28.98 3.14 10.78 1.72 1.16 14.45 4.04 0.15 0.00 27.75 94.41 
STF04Amnz 0.51 0.65 1.28 27.12 3.20 11.02 1.71 1.15 13.46 3.61 0.26 0.00 28.05 92.02 
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  SAMPLE 
     
CaO 

     
MgO 

    
TiO2     SiO2 

   
Al2O3 

     
FeO 

     
MnO 

   
Cr2O3 

      
Cl        F 

     
K2O 

    
P2O5 

    
Na2O 

     
ZnO 

    
ZrO2 

   
TOTAL 

ST16-31J and1 0.05 0.04 0.02 36.52 61.92 0.13 0.00 0.00 0.02 0.01 0.00 0.00 0.05 0.00 0.02 98.77 
ST16-31J and1 0.01 0.03 0.01 36.73 62.81 0.15 0.01 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 99.78 
ST16-31J and1 0.02 0.03 0.01 36.25 62.51 0.19 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00 99.11 
ST16-31J and1 0.03 0.03 0.00 36.83 62.31 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.02 99.38 
ST16-31J and1 0.03 0.02 0.02 36.67 62.42 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 99.37 
ST16-31J bt1 0.16 6.93 1.73 35.23 19.59 19.94 0.14 0.00 0.03 0.51 8.30 0.00 0.33 0.00 0.01 92.76 
ST16-31J bt1 0.12 6.99 1.72 34.12 18.98 20.65 0.16 0.00 0.07 0.43 8.23 0.00 0.61 0.04 0.00 91.97 
ST16-31J bt1 0.09 7.10 1.76 34.02 19.13 21.43 0.18 0.00 0.07 0.32 8.63 0.00 0.49 0.03 0.00 93.19 
ST16-31J bt1 0.17 7.24 1.62 34.16 18.90 21.20 0.16 0.02 0.04 0.41 8.26 0.00 0.46 0.08 0.00 92.65 
ST16-31J bt1 0.15 6.93 2.17 34.01 18.10 17.96 0.17 0.03 0.11 0.40 8.07 0.04 0.21 0.00 0.00 88.24 
ST16-31J mu1 0.06 0.39 0.28 47.03 37.08 0.82 0.01 0.00 0.12 0.12 8.33 0.00 1.40 0.00 0.01 95.76 
ST16-31J mu1 0.06 0.40 0.35 46.62 37.17 0.82 0.01 0.00 0.12 0.12 7.69 0.00 1.26 0.00 0.01 94.78 
ST16-31J mu1 0.06 0.42 0.31 49.06 38.75 0.76 0.00 0.00 0.05 0.17 5.10 0.00 0.56 0.00 0.00 95.34 
ST16-31J mu1 0.05 0.39 0.23 47.31 37.51 0.66 0.00 0.00 0.03 0.45 7.45 0.00 1.21 0.00 0.00 95.29 
ST16-31J mu1 0.04 0.33 0.24 46.00 36.08 0.68 0.00 0.00 0.05 0.17 6.70 0.00 1.00 0.00 0.00 91.34 
ST16-31J bi2 0.14 7.09 1.56 34.94 19.46 20.93 0.14 0.02 0.01 0.44 8.65 0.00 0.21 0.02 0.00 93.52 
ST16-31J bi2 0.04 7.86 1.52 36.21 20.34 21.75 0.15 0.00 0.01 0.20 8.64 0.00 0.25 0.05 0.00 97.03 
ST16-31J bi2 0.08 7.00 1.56 34.97 19.27 20.35 0.13 0.02 0.01 0.31 8.14 0.00 0.23 0.01 0.00 92.06 
ST16-31J bi2 0.04 7.28 1.56 34.11 18.60 20.68 0.20 0.00 0.01 0.35 8.81 0.00 0.27 0.00 0.00 91.84 
ST16-31J bi2 0.07 6.77 1.55 35.45 20.33 19.19 0.16 0.02 0.03 0.25 8.27 0.00 0.23 0.06 0.06 92.37 
ST16-31J mu2 0.12 0.39 0.31 47.02 37.50 0.73 0.00 0.00 0.01 0.38 7.65 0.00 1.10 0.00 0.00 95.21 
ST16-31J mu2 0.03 0.50 0.30 51.39 40.11 0.72 0.00 0.00 0.00 0.02 8.02 0.01 1.44 0.00 0.00 102.69 
ST16-31J mu2 0.01 0.41 0.28 46.85 37.15 0.80 0.00 0.00 0.00 0.02 7.74 0.00 1.19 0.00 0.00 94.60 
ST16-31J mu2 0.06 0.57 0.29 47.70 37.49 0.94 0.00 0.00 0.00 0.31 8.02 0.00 1.10 0.00 0.02 96.51 
ST16-31J mu2 0.05 0.44 0.30 47.90 37.73 0.82 0.00 0.00 0.00 0.18 8.63 0.00 1.32 0.00 0.00 97.48 
STF-33P ksp 0.08 0.37 0.07 46.27 37.74 1.21 0.00 0.00 0.00 0.00 9.19 0.00 0.50 0.00 0.01 95.56 



Thomas W Baggs 
The Behaviour of Metamorphic Apatite 

 

32 
 

STF-33P ksp 0.04 0.80 0.13 47.70 37.01 1.11 0.00 0.00 0.00 0.05 8.62 0.00 0.36 0.00 0.00 95.84 
STF-33P ksp 0.02 0.92 0.22 75.27 15.26 1.74 0.00 0.01 0.00 0.00 5.28 0.00 0.17 0.00 0.03 98.93 
STF-33P ksp 0.01 0.00 0.00 100.07 0.09 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.20 
STF-33P ksp 0.03 1.64 0.17 47.99 34.62 2.59 0.00 0.00 0.00 0.06 8.58 0.00 0.34 0.00 0.01 96.02 
STF-33P ox 0.15 0.57 0.00 3.83 4.01 65.42 0.12 0.02 0.01 0.00 0.05 1.09 0.11 0.00 0.05 75.44 
STF-33P ox 0.15 0.57 0.00 4.24 4.03 63.45 0.13 0.00 0.02 0.02 0.05 1.19 0.23 0.00 0.05 74.13 
STF-33P ox 0.10 0.58 0.01 3.85 4.10 63.69 0.07 0.00 0.01 0.00 0.04 1.26 0.16 0.00 0.04 73.92 
STF-33P ox 0.14 0.64 0.00 4.09 4.49 64.81 0.11 0.00 0.02 0.00 0.05 1.13 0.24 0.00 0.08 75.80 
STF-33P ox 0.17 0.62 0.01 3.94 4.23 64.82 0.11 0.01 0.00 0.00 0.03 1.15 0.15 0.01 0.11 75.36 
STF-33P mu2 0.03 0.47 0.30 47.95 37.92 0.65 0.00 0.00 0.00 0.13 7.99 0.00 0.90 0.00 0.00 96.41 
STF-33P mu2 0.05 0.44 0.30 46.59 37.15 0.87 0.00 0.01 0.01 0.36 8.41 0.00 0.93 0.00 0.00 95.04 
STF-33P mu2 0.02 0.44 0.31 46.99 37.47 0.66 0.00 0.00 0.01 0.27 8.77 0.00 1.01 0.00 0.00 95.93 
STF-33P mu2 0.01 1.03 0.42 45.86 35.35 2.51 0.00 0.01 0.01 0.08 7.96 0.00 1.07 0.00 0.01 94.47 
STF-33P mu2 0.02 0.45 0.28 46.98 36.77 0.77 0.00 0.00 0.01 0.10 8.36 0.05 1.19 0.00 0.02 95.13 
STF-33P bi1 0.11 7.97 1.47 34.31 18.63 22.23 0.10 0.01 0.04 0.51 7.84 0.02 0.29 0.00 0.00 93.37 
STF-33P bi1 0.13 7.61 1.25 33.56 18.70 21.49 0.14 0.00 0.05 0.40 6.90 0.04 0.25 0.00 0.00 90.33 
STF-33P bi1 0.07 8.00 1.13 31.70 18.50 23.07 0.17 0.01 0.05 0.45 6.33 0.03 0.23 0.07 0.00 89.68 
STF-33P bi1 0.10 7.99 1.41 33.57 18.69 22.43 0.11 0.02 0.05 0.51 7.86 0.01 0.28 0.00 0.00 92.85 
STF-33P bi1 0.08 8.10 1.26 32.80 18.58 22.48 0.15 0.02 0.04 0.43 7.20 0.00 0.23 0.06 0.01 91.29 
STF-33P bi2 0.11 7.90 1.21 33.49 18.41 21.99 0.12 0.01 0.06 0.40 6.96 0.04 0.15 0.04 0.00 90.73 
STF-33P bi2 0.12 7.22 1.10 34.15 18.05 20.66 0.10 0.00 0.13 0.28 6.60 0.11 0.15 0.06 0.00 88.64 
STF-33P bi2 0.05 7.66 1.54 34.37 18.48 21.59 0.11 0.00 0.05 0.32 8.60 0.00 0.20 0.00 0.01 92.95 
STF-33P bi2 0.07 8.39 1.34 34.59 19.11 21.60 0.14 0.00 0.04 0.34 7.57 0.02 0.10 0.05 0.00 93.27 
STF-33P bi2 0.12 8.21 1.35 35.05 19.20 21.34 0.16 0.01 0.04 0.35 7.78 0.00 0.13 0.02 0.02 93.69 
STF-33 ox 0.35 0.14 55.27 1.09 0.47 26.08 4.01 0.00 0.04 0.76 0.07 0.03 0.27 0.06 0.04 89.53 
STF-33 ox 0.20 0.09 56.35 1.07 0.37 28.01 2.36 0.00 0.02 0.08 0.06 0.09 0.29 0.04 0.00 90.19 
STF-33 ox 0.25 0.10 60.91 1.34 0.94 22.55 1.61 0.00 0.04 0.36 0.13 0.12 0.33 0.09 0.10 90.05 
STF-33 ox 0.16 0.15 56.32 0.88 0.42 28.45 2.73 0.00 0.03 0.47 0.07 0.06 0.28 0.08 0.00 91.09 
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STF-33 mu 0.06 0.79 0.92 45.79 35.09 1.54 0.00 0.00 0.09 0.34 8.73 0.00 1.14 0.00 0.00 94.42 
STF-33 mu 0.07 0.58 0.80 46.17 35.83 0.76 0.00 0.00 0.07 0.36 7.90 0.00 1.37 0.00 0.00 93.77 
STF-33 mu 0.07 0.63 0.79 46.26 35.47 1.01 0.00 0.00 0.07 0.35 8.11 0.00 1.41 0.00 0.00 94.10 
STF-33 mu 0.07 0.64 0.82 47.48 36.81 1.06 0.00 0.00 0.02 0.04 8.00 0.00 0.94 0.00 0.00 95.97 
STF-33 mu 0.07 0.95 0.50 47.97 36.66 1.65 0.00 0.00 0.00 0.00 8.82 0.00 0.62 0.00 0.00 97.40 
STF-33 kspcore 0.21 1.75 0.40 34.64 30.92 12.98 0.04 0.00 0.03 0.39 0.04 0.00 1.93 0.00 0.04 83.20 
STF-33 kspcore 0.16 1.52 0.41 34.79 31.95 14.60 0.08 0.00 0.00 0.07 0.02 0.00 1.98 0.00 0.00 85.56 
STF-33 kspcore 0.16 1.14 0.46 34.47 29.56 14.84 0.10 0.00 0.03 0.46 0.07 0.00 2.43 0.00 0.01 83.53 
STF-33 kspcore 0.17 1.20 0.47 34.43 30.58 15.34 0.12 0.00 0.01 0.16 0.04 0.00 2.35 0.00 0.00 84.80 
STF-33 kspcore 0.21 2.62 0.63 35.12 31.75 12.74 0.05 0.00 0.02 0.31 0.03 0.00 2.03 0.00 0.00 85.38 
STF-33 ksprim 0.46 5.60 0.65 36.00 33.20 6.78 0.01 0.02 0.00 0.18 0.00 0.00 1.87 0.00 0.04 84.74 
STF-33 ksprim 0.19 1.05 0.52 33.59 30.06 15.99 0.13 0.00 0.00 0.49 0.04 0.00 2.25 0.00 0.00 84.10 
STF-33 ksprim 0.19 1.63 0.45 34.27 30.72 13.96 0.13 0.00 0.01 0.36 0.03 0.00 2.11 0.00 0.01 83.71 
STF-33 ksprim 0.46 5.78 0.83 36.16 32.69 7.08 0.02 0.00 0.00 0.12 0.00 0.00 2.00 0.00 0.00 85.11 
STF-33 ksprim 0.43 5.98 0.81 35.70 32.35 7.20 0.00 0.00 0.00 0.13 0.00 0.00 1.95 0.00 0.00 84.53 
STF-33 bi 0.04 7.37 1.66 33.16 16.88 21.61 0.16 0.01 0.04 0.39 9.33 0.00 0.09 0.02 0.00 90.66 
STF-33 bi 0.03 8.40 1.63 35.59 18.64 21.57 0.16 0.02 0.03 0.28 9.04 0.01 0.14 0.03 0.03 95.55 
STF-33 bi 0.04 8.22 1.55 34.46 18.03 21.19 0.17 0.01 0.02 0.29 8.82 0.00 0.15 0.01 0.06 93.00 
STF-33 bi 0.01 7.74 1.63 33.75 18.01 21.06 0.23 0.00 0.00 0.27 8.96 0.00 0.12 0.03 0.00 91.80 
STF-33 bi 0.00 8.02 1.66 34.12 18.07 21.66 0.20 0.00 0.02 0.36 8.82 0.00 0.08 0.02 0.00 92.98 
ST16-31A mu 0.12 0.68 0.78 46.85 35.53 1.32 0.00 0.01 0.06 0.29 8.56 0.00 0.58 0.00 0.00 94.69 
ST16-31A mu 0.12 0.90 0.88 47.34 34.20 1.33 0.00 0.00 0.06 1.11 8.73 0.00 0.66 0.00 0.02 94.92 
ST16-31A mu 0.04 0.00 0.04 100.92 0.22 0.11 0.02 0.00 0.00 0.12 0.03 0.00 0.00 0.00 0.00 101.44 
ST16-31A mu 0.16 0.95 0.69 46.84 35.13 1.94 0.03 0.00 0.01 0.21 8.55 0.00 0.32 0.00 0.03 94.91 
ST16-31A mu 0.09 0.86 0.71 48.65 35.88 1.16 0.00 0.00 0.00 0.07 8.17 0.00 0.27 0.00 0.02 95.99 
ST16-31A bi 0.08 7.14 3.07 35.98 18.07 21.46 0.34 0.01 0.01 0.33 9.26 0.00 0.07 0.03 0.00 95.86 
ST16-31A bi 0.08 6.93 2.90 35.32 18.04 21.41 0.30 0.00 0.01 0.31 9.43 0.00 0.09 0.01 0.00 94.81 
ST16-31A bi 0.08 7.11 2.87 36.05 17.98 21.76 0.36 0.02 0.01 0.33 9.26 0.00 0.08 0.00 0.00 95.89 
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ST16-31A bi 0.01 7.21 2.81 35.91 18.16 22.42 0.30 0.03 0.02 0.26 9.44 0.00 0.08 0.09 0.01 96.79 
ST16-31A bi 0.02 7.03 2.81 35.63 18.17 21.99 0.37 0.04 0.01 0.28 9.47 0.00 0.06 0.00 0.00 95.87 
ST16-31A fsp 0.06 0.00 0.02 64.89 19.64 0.00 0.00 0.00 0.00 0.01 15.30 0.04 0.74 0.00 0.00 101.27 
ST16-31A fsp 0.07 0.01 0.07 64.88 19.72 0.00 0.00 0.00 0.00 0.00 15.43 0.08 0.77 0.00 0.00 101.61 
ST16-31A fsp 0.03 0.01 0.01 64.43 19.66 0.00 0.01 0.00 0.00 0.00 15.23 0.02 0.80 0.00 0.00 100.81 
ST16-31A fsp 0.07 0.00 0.03 64.77 19.46 0.00 0.00 0.00 0.00 0.00 14.86 0.00 0.94 0.00 0.00 100.59 
ST16-31A fsp 0.06 0.00 0.04 64.97 19.84 0.00 0.00 0.00 0.00 0.00 15.21 0.00 0.94 0.00 0.00 101.68 
ST16-19A ox 0.02 0.10 52.03 0.05 0.02 45.39 0.50 0.02 0.00 0.00 0.02 0.01 0.00 0.02 0.00 99.36 
ST16-19A ox 0.02 0.09 51.76 0.06 0.00 45.82 0.45 0.02 0.01 0.00 0.03 0.01 0.00 0.04 0.00 99.54 
ST16-19A ox 0.04 0.10 51.70 0.08 0.03 45.51 0.42 0.06 0.01 0.00 0.01 0.01 0.00 0.05 0.00 99.18 
ST16-19A ox 0.03 0.10 51.98 0.07 0.04 45.90 0.44 0.03 0.01 0.00 0.02 0.00 0.00 0.00 0.00 99.82 
ST16-19A ox 0.03 0.09 51.91 0.04 0.00 44.46 0.45 0.02 0.01 0.07 0.01 0.00 0.00 0.00 0.02 98.32 
ST16-19A ksp 0.02 0.00 0.04 64.61 19.41 0.00 0.01 0.00 0.00 0.00 14.97 0.18 1.23 0.00 0.02 100.80 
ST16-19A ksp 0.04 0.00 0.02 64.70 19.55 0.00 0.00 0.00 0.00 0.00 14.36 0.08 1.60 0.00 0.00 100.67 
ST16-19A ksp 0.15 0.00 0.02 65.95 19.89 0.07 0.00 0.00 0.00 0.00 10.71 0.12 4.71 0.00 0.00 101.74 
ST16-19A ksp 0.05 0.02 0.02 64.67 19.81 0.00 0.00 0.00 0.00 0.00 15.31 0.11 0.95 0.00 0.01 101.34 
ST16-19A ksp 0.03 0.00 0.02 64.51 19.58 0.02 0.02 0.00 0.00 0.00 14.93 0.08 1.22 0.00 0.00 100.94 
ST16-19A bt 0.02 7.75 2.20 34.69 19.41 22.76 0.06 0.03 0.00 0.57 9.31 0.01 0.06 0.00 0.01 96.85 
ST16-19A bt 0.02 7.64 2.20 34.78 18.67 22.69 0.07 0.09 0.00 0.58 9.35 0.00 0.07 0.00 0.01 96.18 
ST16-19A bt 0.01 7.79 2.12 35.03 19.10 22.41 0.05 0.04 0.00 0.54 9.27 0.00 0.05 0.00 0.00 96.42 
ST16-19A bt 0.02 7.80 1.63 34.21 19.51 22.60 0.04 0.00 0.00 0.66 9.41 0.00 0.07 0.00 0.00 95.81 
ST16-19A bt 0.07 7.00 3.46 34.34 18.67 23.49 0.06 0.05 0.01 0.44 9.31 0.00 0.11 0.03 0.00 97.12 
ST16-19A cd 0.01 6.27 0.00 48.75 32.18 11.82 0.22 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 99.30 
ST16-19A cd 0.06 5.23 0.00 56.67 26.24 9.81 0.17 0.00 0.00 0.00 0.02 0.00 0.05 0.00 0.00 98.25 
ST16-19A cd 0.01 6.38 0.01 48.86 32.22 12.09 0.19 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 99.82 
ST16-19A cd 0.01 5.98 0.00 48.76 32.24 12.40 0.21 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.00 99.71 
ST16-19A cd 0.02 6.08 0.04 49.12 32.13 12.07 0.19 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00 99.74 
ST16-19A unkplag 6.25 0.01 0.00 60.46 26.42 0.00 0.00 0.00 0.00 0.00 0.08 0.08 8.48 0.00 0.00 101.78 
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ST16-19A unkplag 6.92 0.19 0.02 59.34 26.96 0.75 0.02 0.00 0.00 0.00 0.06 0.07 7.71 0.00 0.00 102.04 
ST16-19A unkplag 6.99 0.00 0.00 58.91 26.99 0.00 0.00 0.00 0.00 0.00 0.06 0.04 7.85 0.00 0.00 100.84 
ST16-19A unkplag 6.89 0.25 0.00 58.74 27.08 0.77 0.01 0.00 0.00 0.00 0.07 0.03 7.51 0.00 0.01 101.37 
ST16-19A unkplag 3.92 0.00 0.01 63.63 24.05 0.00 0.01 0.00 0.00 0.00 0.11 0.13 9.84 0.00 0.00 101.72 
ST16-09 bt 0.08 6.49 2.82 35.62 20.94 23.59 0.03 0.00 0.02 0.10 9.05 0.00 0.16 0.00 0.00 98.96 
ST16-09 bt 0.12 5.78 2.70 33.18 19.17 23.70 0.05 0.00 0.03 0.12 9.02 0.00 0.19 0.00 0.00 94.13 
ST16-09 bt 0.05 6.08 2.63 34.05 19.55 23.75 0.01 0.01 0.02 0.14 9.28 0.00 0.16 0.03 0.05 95.85 
ST16-09 bt 0.02 6.00 2.97 33.72 19.57 24.66 0.03 0.01 0.01 0.08 9.41 0.01 0.07 0.05 0.00 96.70 
ST16-09 bt 0.06 6.10 2.75 33.68 19.10 24.17 0.03 0.03 0.02 0.09 9.05 0.01 0.17 0.01 0.00 95.32 
ST16-09 ksp 0.02 0.00 0.00 64.75 19.51 0.02 0.00 0.00 0.00 0.00 15.33 0.10 1.06 0.00 0.02 101.08 
ST16-09 ksp 0.01 0.00 0.04 64.42 19.71 0.06 0.00 0.00 0.00 0.01 15.16 0.37 1.08 0.00 0.00 101.15 
ST16-09 ksp 0.04 0.07 0.06 63.63 19.81 0.28 0.00 0.00 0.00 0.03 15.00 0.52 1.16 0.00 0.00 100.90 
ST16-09 ksp 0.01 0.01 0.00 64.22 19.45 0.00 0.00 0.00 0.00 0.00 15.28 0.32 1.13 0.00 0.00 100.62 
ST16-09 ksp 0.03 0.00 0.03 64.99 19.53 0.01 0.01 0.00 0.00 0.00 14.68 0.14 1.47 0.00 0.00 101.20 
ST16-09 ox 0.03 0.20 51.81 0.05 0.02 46.07 0.55 0.06 0.02 0.00 0.00 0.01 0.00 0.01 0.01 100.45 
ST16-09 ox 0.03 0.21 50.94 0.06 0.04 46.00 0.55 0.03 0.01 0.00 0.02 0.00 0.00 0.08 0.01 99.59 
ST16-09 ox 0.02 0.19 50.90 0.04 0.05 45.83 0.58 0.07 0.00 0.00 0.02 0.00 0.01 0.06 0.00 99.24 
ST16-09 ox 0.06 0.19 50.44 0.13 0.07 46.12 0.55 0.01 0.00 0.00 0.04 0.00 0.00 0.01 0.00 99.14 
ST16-09 ox 0.02 0.18 50.78 0.05 0.04 46.26 0.57 0.07 0.00 0.00 0.02 0.00 0.00 0.03 0.02 99.57 
ST16-09 cdactuallyplag? 8.66 0.17 0.02 56.01 28.63 0.43 0.01 0.00 0.00 0.00 0.07 0.17 6.52 0.00 0.04 100.73 
ST16-09 cdactuallyplag? 9.08 0.01 0.00 56.33 28.71 0.00 0.00 0.00 0.00 0.00 0.05 0.15 6.57 0.00 0.03 100.92 
ST16-09 cdactuallyplag? 5.45 0.11 0.00 60.76 25.73 0.24 0.03 0.00 0.00 0.00 0.13 0.13 8.72 0.00 0.00 101.30 
ST16-09 cdactuallyplag? 8.74 0.01 0.02 56.54 28.26 0.00 0.02 0.00 0.00 0.00 0.08 0.15 6.82 0.00 0.00 100.64 
ST16-09 cdactuallyplag? 8.81 0.01 0.00 56.45 28.40 0.02 0.02 0.00 0.00 0.00 0.07 0.13 6.67 0.00 0.00 100.58 
ST16-09 unknown1 0.15 0.02 0.02 36.01 65.33 0.44 0.00 0.00 0.01 0.15 0.00 0.00 0.01 0.00 0.00 102.10 
ST16-09 unknown1 0.01 0.01 0.07 36.22 66.26 0.37 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 102.95 
ST16-09 unknown1 0.00 0.02 0.03 38.08 64.56 0.51 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 103.23 
ST16-09 unknown1 0.01 0.01 0.02 37.60 65.01 0.52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 103.16 
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ST16-09 unknown1 0.01 0.01 0.00 47.85 55.37 0.47 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 103.72 
ST16-09 actualcordierite 0.16 5.58 0.00 46.83 32.74 11.34 0.22 0.00 0.02 0.09 0.00 0.00 0.34 0.00 0.00 97.29 
ST16-09 actualcordierite 0.08 5.76 0.00 47.52 33.92 11.50 0.25 0.00 0.00 0.00 0.00 0.00 0.24 0.00 0.00 99.28 
ST16-09 actualcordierite 0.02 5.99 0.00 47.30 33.47 11.55 0.27 0.00 0.00 0.00 0.00 0.00 0.15 0.00 0.01 98.75 
ST16-09 actualcordierite 0.02 5.80 0.01 47.25 33.24 12.24 0.24 0.00 0.00 0.00 0.00 0.00 0.20 0.00 0.10 99.11 
ST16-09 actualcordierite 0.03 5.91 0.01 47.64 33.59 11.96 0.24 0.00 0.00 0.00 0.00 0.00 0.16 0.00 0.00 99.54 
STF-10B oxide 0.03 0.15 49.87 0.25 0.19 43.71 0.55 0.04 0.01 0.00 0.04 0.00 0.01 0.01 0.00 95.91 
STF-10B oxide 0.22 0.12 48.01 1.98 1.67 42.32 0.58 0.04 0.02 0.00 0.05 0.00 0.25 0.05 0.00 96.34 
STF-10B oxide 0.04 0.06 52.07 0.11 0.01 44.81 0.58 0.04 0.01 0.00 0.04 0.00 0.00 0.08 0.00 98.95 
STF-10B oxide 0.10 0.12 50.24 0.19 0.44 44.60 0.57 0.06 0.02 0.18 0.04 0.00 0.08 0.00 0.00 97.61 
STF-10B oxide 0.04 0.08 51.47 0.11 0.22 44.56 0.57 0.02 0.01 0.00 0.04 0.00 0.06 0.00 0.00 98.29 
STF-10B bt 0.02 6.00 3.09 33.07 17.64 22.23 0.07 0.05 0.04 0.53 9.18 0.01 0.13 0.04 0.01 92.07 
STF-10B bt 0.07 5.78 3.11 31.25 19.61 22.63 0.06 0.02 0.02 0.44 9.15 0.00 0.22 0.00 0.00 92.28 
STF-10B bt 0.10 5.25 2.96 37.17 17.42 21.33 0.03 0.00 0.04 0.51 8.21 0.00 0.20 0.00 0.00 93.06 
STF-10B bt 0.07 6.53 2.82 32.43 21.41 21.88 0.05 0.03 0.02 0.50 8.86 0.00 0.19 0.00 0.00 94.68 
STF-10B bt 0.10 6.02 2.86 43.39 17.99 19.82 0.03 0.01 0.01 0.35 7.63 0.00 0.13 0.00 0.01 98.31 
STF-10B ksp 0.10 0.02 0.01 65.04 19.65 0.01 0.00 0.00 0.01 0.00 10.34 0.08 4.39 0.00 0.00 99.85 
STF-10B ksp 0.09 0.00 0.01 64.02 19.24 0.00 0.00 0.00 0.00 0.00 15.35 0.04 0.80 0.00 0.00 99.77 
STF-10B ksp 0.04 0.01 0.02 64.20 19.22 0.00 0.00 0.00 0.00 0.00 15.29 0.04 0.99 0.00 0.00 100.00 
STF-10B ksp 0.03 0.00 0.01 64.13 19.23 0.00 0.01 0.00 0.00 0.00 15.27 0.03 0.94 0.00 0.00 99.86 
STF-10B ksp 0.06 0.01 0.01 64.51 19.09 0.00 0.00 0.00 0.01 0.00 14.72 0.10 1.41 0.00 0.01 100.09 
STF-10B plag 8.25 0.01 0.04 56.72 27.40 0.00 0.01 0.00 0.00 0.02 0.06 0.05 6.95 0.00 0.01 99.51 
STF-10B plag 8.26 0.01 0.00 57.10 27.56 0.18 0.03 0.00 0.00 0.00 0.07 0.00 6.94 0.00 0.00 100.15 
STF-10B plag 8.53 0.00 0.00 56.83 28.46 0.04 0.00 0.00 0.00 0.00 0.04 0.03 6.64 0.00 0.01 100.59 
STF-10B plag 8.15 0.01 0.00 56.96 27.80 0.06 0.01 0.00 0.00 0.00 0.07 0.06 6.95 0.00 0.01 100.11 
STF-10B plag 8.19 0.00 0.00 56.28 27.23 0.00 0.00 0.00 0.00 0.00 0.06 0.00 6.75 0.00 0.00 98.53 
STF-10B cd 0.03 5.52 0.00 46.64 33.20 11.93 0.20 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.02 97.60 
STF-10B cd 0.02 6.00 0.00 47.24 33.52 12.06 0.21 0.00 0.00 0.00 0.00 0.01 0.07 0.00 0.00 99.14 



Thomas W Baggs 
The Behaviour of Metamorphic Apatite 

 

37 
 

STF-10B cd 0.01 5.77 0.01 46.84 33.21 12.01 0.26 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 98.17 
STF-10B cd 0.07 5.68 0.02 47.13 33.31 11.99 0.19 0.00 0.00 0.00 0.01 0.00 0.09 0.00 0.00 98.49 
STF-10B cd 0.03 6.05 0.00 47.21 33.19 11.40 0.26 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 98.21 
STF-04A musc 0.06 0.81 0.83 46.04 36.07 1.57 0.00 0.00 0.00 0.06 9.29 0.00 0.30 0.00 0.00 95.09 
STF-04A musc 0.04 0.86 0.84 46.42 36.22 1.62 0.01 0.00 0.00 0.03 9.07 0.00 0.30 0.00 0.00 95.44 
STF-04A musc 0.04 1.07 0.77 46.98 35.49 1.66 0.02 0.00 0.00 0.16 9.88 0.00 0.34 0.00 0.00 96.39 
STF-04A musc 0.05 1.33 0.79 50.23 36.72 1.77 0.01 0.00 0.00 0.31 9.58 0.00 0.34 0.00 0.00 101.11 
STF-04A musc 0.05 0.80 0.89 45.63 35.14 1.51 0.12 0.00 0.03 0.60 9.79 0.00 0.50 0.00 0.00 94.88 
STF-04A bt 0.06 6.86 2.56 34.95 18.50 22.90 0.34 0.03 0.02 0.32 9.23 0.00 0.13 0.00 0.00 95.90 
STF-04A bt 0.36 5.35 1.92 45.14 16.46 15.02 0.24 0.02 0.06 0.77 6.92 0.03 0.35 0.00 0.00 92.36 
STF-04A bt 0.06 7.06 2.63 35.53 18.60 22.53 0.40 0.00 0.01 0.34 9.27 0.00 0.21 0.03 0.03 96.61 
STF-04A bt 0.16 5.46 2.02 35.83 20.64 18.28 0.28 0.00 0.08 0.66 7.28 0.00 0.19 0.04 0.03 90.72 
STF-04A bt 0.06 6.89 2.69 35.85 19.05 22.30 0.36 0.01 0.03 0.26 8.98 0.00 0.16 0.06 0.00 96.71 
STF-04A ox 0.10 0.03 61.15 1.07 0.25 26.06 3.56 0.00 0.03 0.00 0.04 0.02 0.15 0.12 0.03 93.85 
STF-04A ox 0.13 0.06 57.67 1.34 0.72 28.08 3.78 0.02 0.05 0.02 0.05 0.04 0.23 0.09 0.04 93.52 
STF-04A ox 0.06 0.04 55.84 0.09 0.06 35.00 5.86 0.02 0.00 0.00 0.01 0.01 0.03 0.16 0.00 98.33 
STF-04A ox 0.07 0.06 54.93 0.15 0.07 35.24 7.29 0.01 0.00 0.02 0.02 0.00 0.04 0.17 0.00 99.24 
STF-04A ox 0.06 0.03 54.76 0.08 0.01 33.73 6.28 0.05 0.01 0.00 0.03 0.00 0.00 0.13 0.00 96.39 
STF-04A ksp 0.01 0.00 0.01 65.01 19.39 0.00 0.00 0.00 0.00 0.00 15.41 0.00 0.75 0.00 0.00 101.03 
STF-04A ksp 0.01 0.00 0.00 64.99 19.67 0.00 0.00 0.00 0.00 0.00 15.48 0.00 0.79 0.00 0.00 101.37 
STF-04A ksp 0.17 0.00 0.02 64.18 19.32 0.00 0.00 0.00 0.00 0.00 15.53 0.00 0.62 0.00 0.00 100.36 
STF-04A ksp 0.03 0.00 0.01 64.68 19.60 0.06 0.00 0.00 0.00 0.00 15.47 0.00 0.80 0.00 0.00 101.25 
STF-04A ksp 0.01 0.00 0.03 64.69 19.67 0.00 0.01 0.00 0.00 0.00 15.79 0.00 0.64 0.00 0.00 101.39 
STF-26A area3 cd 0.02 6.31 0.00 47.31 33.53 11.50 0.23 0.00 0.00 0.00 0.00 0.00 0.11 0.00 0.00 99.02 
STF-26A area3 cd 0.01 6.33 0.00 47.59 33.76 11.49 0.19 0.00 0.00 0.00 0.00 0.00 0.11 0.00 0.00 99.46 
STF-26A area3 cd 0.02 6.08 0.02 47.52 34.23 12.13 0.20 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.00 100.28 
STF-26A area3 cd 0.01 6.47 0.02 47.99 33.90 11.17 0.16 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00 99.81 
STF-26A area3 cd 0.04 6.34 0.00 47.57 34.09 11.22 0.16 0.00 0.00 0.02 0.00 0.00 0.07 0.00 0.02 99.55 
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STF-26A area3 ksp 0.02 0.00 0.06 64.73 19.28 0.00 0.00 0.00 0.01 0.00 15.46 0.08 1.00 0.00 0.00 100.88 
STF-26A area3 ksp 0.03 0.00 0.01 63.89 19.26 0.00 0.00 0.00 0.00 0.01 15.54 0.08 0.83 0.00 0.00 99.93 
STF-26A area3 ksp 0.10 0.02 0.00 66.65 20.00 0.12 0.00 0.00 0.00 0.00 6.80 0.04 7.38 0.00 0.02 101.27 
STF-26A area3 ksp 0.21 0.00 0.03 64.88 19.36 0.00 0.01 0.00 0.00 0.00 12.64 0.06 2.90 0.00 0.00 100.34 
STF-26A area3 ksp 0.01 0.00 0.00 64.96 19.25 0.00 0.00 0.00 0.00 0.00 15.34 0.05 0.98 0.00 0.00 100.87 
STF-26A area3 gt 0.24 3.93 0.00 32.54 26.72 36.00 0.49 0.00 0.00 0.00 0.00 0.01 0.02 0.97 0.05 100.98 
STF-26A area3 gt 0.23 3.73 0.02 32.66 26.33 35.45 0.50 0.00 0.01 0.00 0.00 0.00 0.00 0.97 0.02 99.94 
STF-26A area3 gt 0.38 2.70 0.04 37.90 21.18 37.94 0.65 0.01 0.00 0.00 0.00 0.03 0.03 0.03 0.02 100.95 
STF-26A area3 gt 0.33 2.87 0.00 37.79 20.83 38.62 0.68 0.01 0.01 0.00 0.00 0.02 0.01 0.00 0.00 101.17 
STF-26A area3 gt 0.36 2.87 0.00 37.48 21.10 38.01 0.76 0.02 0.00 0.00 0.00 0.00 0.00 0.06 0.02 100.67 
STF-26A area3 ox 0.11 0.21 52.75 0.05 0.02 45.07 0.09 0.06 0.01 0.00 0.02 0.01 0.00 0.05 0.00 99.62 
STF-26A area3 ox 0.05 0.12 51.33 0.12 0.05 45.03 0.63 0.01 0.00 0.00 0.02 0.01 0.00 0.08 0.00 98.57 
STF-26A area3 ox 0.02 0.27 52.44 0.02 0.03 45.36 0.18 0.06 0.00 0.00 0.01 0.00 0.00 0.04 0.00 99.60 
STF-26A area3 ox 0.02 0.29 52.91 0.08 0.01 45.88 0.09 0.04 0.00 0.00 0.01 0.01 0.02 0.07 0.00 100.56 
STF-26A area3 ox 0.02 0.32 52.65 0.00 0.02 45.89 0.10 0.06 0.01 0.00 0.01 0.00 0.02 0.01 0.01 100.19 
STF-26A area3 bi 0.05 11.66 4.19 35.54 16.69 17.67 0.01 0.15 0.01 1.16 9.34 0.02 0.16 0.00 0.00 96.61 
STF-26A area3 bi 0.03 11.65 4.01 36.21 16.79 18.25 0.02 0.09 0.00 1.19 9.33 0.00 0.11 0.04 0.00 97.69 
STF-26A area3 bi 0.02 11.83 3.99 35.88 16.42 16.98 0.03 0.11 0.00 1.23 9.36 0.00 0.13 0.03 0.00 95.94 
STF-26A area3 bi 0.07 11.20 4.12 35.22 16.79 17.15 0.01 0.10 0.00 1.14 9.47 0.00 0.10 0.01 0.00 95.30 
STF-26A area3 bi 0.05 11.64 3.96 35.76 17.08 17.67 0.02 0.09 0.01 1.13 9.46 0.00 0.11 0.00 0.01 96.93 
STF-26A area1 ox 0.01 0.06 51.50 0.09 0.07 44.93 0.80 0.03 0.01 0.00 0.01 0.00 0.00 0.05 0.00 98.68 
STF-26A area1 ox 0.00 0.05 51.63 0.10 0.03 45.39 0.80 0.02 0.00 0.00 0.01 0.01 0.00 0.01 0.00 99.20 
STF-26A area1 ox 0.11 0.25 65.29 1.85 1.27 23.17 0.32 0.02 0.01 0.00 0.02 0.00 0.03 0.00 0.00 93.76 
STF-26A area1 ox 0.01 0.06 71.00 0.08 0.02 21.19 0.06 0.01 0.00 0.00 0.00 0.01 0.06 0.00 0.01 94.07 
STF-26A area1 ox 0.01 0.05 52.13 0.08 0.01 45.13 0.90 0.03 0.01 0.03 0.01 0.00 0.06 0.03 0.00 99.55 
STF-26A area1 bi 0.01 6.08 3.74 34.40 18.35 23.78 0.08 0.01 0.01 0.60 9.54 0.01 0.07 0.00 0.00 96.78 
STF-26A area1 bi 0.02 5.98 3.65 33.77 18.35 23.65 0.09 0.05 0.01 0.55 9.11 0.01 0.09 0.03 0.03 95.46 
STF-26A area1 bi 0.01 5.96 3.50 34.12 18.73 23.44 0.08 0.03 0.01 0.57 9.40 0.01 0.10 0.06 0.00 96.11 
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STF-26A area1 bi 0.02 6.12 3.49 34.78 18.88 23.57 0.08 0.03 0.01 0.60 9.38 0.00 0.08 0.01 0.00 97.14 
STF-26A area1 bi 0.00 6.05 4.30 34.69 18.36 23.86 0.07 0.00 0.00 0.55 9.47 0.00 0.06 0.00 0.00 97.54 
STF-26A area1 ksp 0.05 0.01 0.03 65.68 18.34 0.00 0.00 0.00 0.00 0.00 15.22 0.10 1.12 0.00 0.00 100.86 
STF-26A area1 ksp 0.04 0.00 0.07 64.74 18.15 0.00 0.00 0.00 0.00 0.00 15.45 0.08 0.94 0.00 0.00 99.80 
STF-26A area1 ksp 0.03 0.03 0.06 65.33 18.27 0.00 0.00 0.00 0.00 0.00 14.84 0.03 1.26 0.00 0.00 100.22 
STF-26A area1 ksp 0.05 0.05 0.02 65.17 18.31 0.02 0.00 0.00 0.00 0.00 14.71 0.10 1.35 0.00 0.04 100.22 
STF-26A area1 ksp 0.04 0.00 0.04 65.73 18.44 0.00 0.00 0.00 0.00 0.00 13.93 0.05 2.03 0.00 0.00 100.61 
STF-26A area1 cd 0.00 5.95 0.00 48.53 31.69 11.73 0.27 0.00 0.00 0.00 0.00 0.00 0.11 0.00 0.00 98.28 
STF-26A area1 cd 0.00 5.94 0.00 48.24 31.99 12.31 0.28 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00 98.85 
STF-26A area1 cd 0.00 6.01 0.00 48.41 31.62 11.88 0.29 0.00 0.00 0.00 0.00 0.00 0.12 0.00 0.00 98.33 
STF-26A area1 cd 0.00 6.05 0.00 48.70 32.03 12.16 0.30 0.00 0.01 0.00 0.00 0.00 0.07 0.00 0.00 99.33 
STF-26A area1 cd 0.01 5.92 0.01 47.93 31.49 11.95 0.25 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.01 97.65 
STF-26A area2 gt 0.60 2.91 0.00 37.41 21.01 37.34 1.29 0.00 0.00 0.00 0.00 0.01 0.03 0.03 0.00 100.66 
STF-26A area2 gt 0.54 2.70 0.03 36.30 22.13 36.99 1.27 0.01 0.00 0.00 0.00 0.00 0.03 0.05 0.00 100.09 
STF-26A area2 gt 0.49 2.74 0.00 36.26 22.61 37.41 1.20 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.01 100.79 
STF-26A area2 gt 0.57 2.83 0.00 37.47 21.16 37.29 1.29 0.02 0.01 0.00 0.00 0.00 0.01 0.00 0.00 100.66 
STF-26A area2 gt 0.64 2.51 0.00 37.14 20.89 37.74 1.30 0.00 0.00 0.00 0.01 0.04 0.02 0.00 0.01 100.29 
STF-26A area2 ox 0.05 0.07 51.51 0.23 0.23 44.84 0.42 0.03 0.01 0.01 0.02 0.00 0.00 0.00 0.00 98.47 
STF-26A area2 ox 0.04 0.08 52.01 0.07 0.09 46.30 0.41 0.00 0.02 0.00 0.02 0.00 0.02 0.10 0.00 100.25 
STF-26A area2 ox 0.05 0.12 52.63 0.03 0.05 45.48 0.35 0.02 0.00 0.05 0.02 0.01 0.00 0.05 0.00 99.89 
STF-26A area2 ox 0.03 0.10 51.98 0.05 0.00 45.53 0.35 0.03 0.00 0.00 0.01 0.00 0.00 0.05 0.02 99.29 
STF-26A area2 ox 0.04 0.07 51.78 0.03 0.02 46.04 0.33 0.02 0.00 0.00 0.01 0.00 0.00 0.04 0.01 99.56 
STF-26A area2 bi 0.03 9.93 1.71 35.14 19.98 20.53 0.02 0.00 0.00 0.86 9.19 0.00 0.08 0.00 0.00 97.19 
STF-26A area2 bi 0.08 9.27 2.61 33.93 19.35 20.40 0.04 0.00 0.00 0.85 8.80 0.00 0.15 0.00 0.00 95.24 
STF-26A area2 bi 0.05 9.49 2.14 34.60 19.15 19.93 0.03 0.00 0.00 0.92 9.41 0.00 0.12 0.01 0.03 95.54 
STF-26A area2 bi 0.03 9.53 2.18 34.70 18.96 19.81 0.05 0.00 0.01 1.02 9.58 0.00 0.09 0.02 0.02 95.64 
STF-26A area2 bi 0.03 9.79 1.86 34.93 19.59 19.88 0.02 0.00 0.00 1.00 9.24 0.00 0.08 0.00 0.00 96.10 
STF-26A area2 spinel 0.01 1.91 0.03 0.02 59.67 36.53 0.14 0.05 0.00 0.00 0.00 0.00 0.00 1.87 0.00 100.30 
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STF-26A area2 spinel 0.01 1.88 0.04 0.03 59.96 37.59 0.18 0.02 0.01 0.00 0.00 0.00 0.00 1.82 0.00 101.64 
STF-26A area2 spinel 0.01 1.97 0.00 0.07 60.38 36.84 0.19 0.05 0.00 0.00 0.00 0.01 0.01 1.90 0.03 101.57 
STF-26A area2 spinel 0.02 1.95 0.01 0.52 58.99 36.60 0.18 0.03 0.00 0.00 0.00 0.00 0.03 1.76 0.01 100.18 
STF-26A area2 spinel 0.03 1.91 0.02 0.05 60.42 36.91 0.15 0.02 0.00 0.00 0.00 0.00 0.00 1.83 0.00 101.40 
STF-26A area2 cd 0.01 6.36 0.01 48.02 33.83 11.37 0.22 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 99.87 
STF-26A area2 cd 0.00 6.39 0.01 47.46 33.57 11.46 0.23 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00 99.20 
STF-26A area2 cd 0.01 6.41 0.02 47.92 33.59 11.42 0.26 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.02 99.74 
STF-26A area2 cd 0.02 6.32 0.01 47.94 33.65 11.19 0.22 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.03 99.49 
STF-26A area2 cd 0.01 6.62 0.02 47.82 33.82 11.60 0.22 0.00 0.01 0.00 0.00 0.00 0.10 0.00 0.00 100.22 
STF-26A area2 ksp 0.02 0.00 0.02 65.06 19.22 0.00 0.01 0.00 0.00 0.00 14.33 0.07 1.73 0.00 0.00 100.83 
STF-26A area2 ksp 0.03 0.00 0.00 64.76 19.33 0.00 0.00 0.00 0.00 0.00 14.90 0.05 1.32 0.00 0.00 100.72 
STF-26A area2 ksp 0.01 0.00 0.01 64.71 18.95 0.00 0.00 0.00 0.00 0.00 15.25 0.08 0.97 0.00 0.00 100.32 
STF-26A area2 ksp 0.01 0.00 0.02 64.72 19.30 0.00 0.02 0.00 0.00 0.00 14.04 0.09 2.02 0.00 0.01 100.70 
STF-26A area2 ksp 0.02 0.00 0.01 64.38 19.23 0.00 0.00 0.00 0.00 0.00 14.73 0.11 1.41 0.00 0.00 100.26 
ST16-03C bi 0.10 7.60 2.79 34.62 19.96 21.39 0.24 0.05 0.21 0.24 9.28 0.01 0.15 0.05 0.00 96.71 
ST16-03C bi 0.07 7.43 2.73 34.35 19.88 21.14 0.24 0.04 0.18 0.26 9.29 0.01 0.16 0.03 0.00 95.82 
ST16-03C bi 0.09 7.40 2.88 34.29 19.60 21.30 0.24 0.07 0.19 0.17 9.22 0.00 0.17 0.02 0.04 95.74 
ST16-03C bi 0.08 7.55 2.66 34.59 19.82 20.74 0.23 0.05 0.18 0.25 9.17 0.02 0.19 0.00 0.00 95.57 
ST16-03C bi 0.01 7.52 2.62 34.34 19.95 20.61 0.19 0.06 0.21 0.24 9.47 0.01 0.10 0.00 0.02 95.40 
ST16-03C and 0.00 0.02 0.01 35.85 65.49 0.20 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 101.60 
ST16-03C and 0.01 0.03 0.03 35.93 66.01 0.23 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 102.24 
ST16-03C and 0.05 0.04 0.03 35.10 63.72 0.24 0.02 0.00 0.00 0.01 0.00 0.00 0.02 0.00 0.00 99.23 
ST16-03C and 0.00 0.03 0.01 35.55 65.35 0.26 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 101.21 
ST16-03C and 0.02 0.02 0.02 36.06 65.38 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 101.77 
ST16-03C ox 0.06 0.08 52.77 0.04 0.02 42.49 2.79 0.01 0.00 0.04 0.02 0.02 0.01 0.03 0.00 99.45 
ST16-03C ox 0.05 0.10 52.65 0.04 0.03 42.24 2.89 0.01 0.01 0.00 0.06 0.02 0.03 0.03 0.01 99.28 
ST16-03C ox 0.07 0.08 52.59 0.05 0.04 42.11 2.74 0.00 0.00 0.00 0.04 0.00 0.00 0.09 0.01 98.97 
ST16-03C ox 0.17 0.10 52.52 0.06 0.02 42.87 2.83 0.01 0.00 0.00 0.03 0.00 0.00 0.06 0.00 99.77 
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ST16-03C ox 0.05 0.10 52.43 0.03 0.04 41.61 2.86 0.00 0.01 0.00 0.03 0.00 0.00 0.08 0.00 98.39 
ST16-03C plag 4.64 0.00 0.01 62.01 24.27 0.06 0.00 0.00 0.00 0.00 0.11 0.03 8.99 0.00 0.00 100.13 
ST16-03C plag 4.65 0.00 0.04 62.00 24.58 0.17 0.00 0.00 0.00 0.00 0.10 0.06 9.16 0.00 0.00 100.77 
ST16-03C plag 4.55 0.00 0.01 61.14 24.07 0.08 0.01 0.00 0.00 0.00 0.11 0.10 9.38 0.00 0.00 99.45 
ST16-03C plag 4.59 0.00 0.02 61.76 24.53 0.14 0.01 0.00 0.00 0.00 0.08 0.09 9.32 0.00 0.03 100.57 
ST16-03C plag 4.74 0.01 0.04 61.85 24.29 0.06 0.00 0.00 0.00 0.00 0.11 0.06 9.18 0.00 0.00 100.34 
ST16-03C ksp 0.00 0.00 0.00 63.95 19.27 0.00 0.00 0.00 0.00 0.00 15.38 0.12 0.89 0.00 0.00 100.06 
ST16-03C ksp 0.02 0.00 0.04 64.75 19.39 0.01 0.00 0.00 0.00 0.00 14.60 0.06 1.49 0.00 0.00 100.82 
ST16-03C ksp 0.02 0.01 0.05 64.32 19.57 0.00 0.00 0.00 0.00 0.00 14.60 0.08 1.47 0.00 0.00 100.60 
ST16-03C ksp 0.02 0.01 0.00 64.14 19.65 0.00 0.00 0.00 0.00 0.00 13.77 0.04 2.06 0.00 0.03 100.26 
ST16-03C ksp 0.03 0.01 0.02 64.25 19.31 0.00 0.00 0.00 0.00 0.00 13.53 0.07 2.36 0.00 0.01 100.09 
ST16-03C musc 0.03 0.45 0.08 45.01 38.10 0.90 0.00 0.00 0.00 0.03 10.34 0.00 0.41 0.00 0.00 95.39 
ST16-03C musc 0.01 0.45 0.08 45.70 38.49 0.89 0.00 0.00 0.00 0.00 10.48 0.00 0.40 0.00 0.02 96.52 
ST16-03C musc 0.06 0.54 0.54 46.07 38.26 0.91 0.01 0.00 0.00 0.00 10.03 0.01 0.39 0.00 0.00 96.93 
ST16-03C musc 0.02 0.39 0.24 45.91 38.87 0.69 0.01 0.00 0.00 0.00 10.47 0.00 0.41 0.00 0.00 97.03 
ST16-03C musc 0.02 0.47 0.12 45.33 38.30 0.87 0.02 0.00 0.00 0.00 10.48 0.00 0.40 0.00 0.03 96.14 
STF-02B bi 0.05 7.98 2.21 34.40 20.23 20.00 0.16 0.02 0.01 0.28 9.42 0.00 0.20 0.02 0.00 94.94 
STF-02B bi 0.03 8.02 2.18 34.90 20.75 20.86 0.18 0.01 0.01 0.24 9.50 0.00 0.23 0.01 0.04 96.94 
STF-02B bi 0.11 7.66 2.19 33.45 20.03 20.09 0.16 0.02 0.01 0.27 9.48 0.00 0.17 0.04 0.04 93.67 
STF-02B bi 0.06 7.55 2.20 34.07 19.93 20.02 0.16 0.01 0.00 0.27 9.40 0.02 0.20 0.01 0.01 93.84 
STF-02B bi 0.04 7.76 2.18 34.52 20.68 19.95 0.14 0.00 0.01 0.28 9.47 0.00 0.22 0.00 0.04 95.27 
STF-02B ksp 0.02 0.00 0.00 64.16 19.11 0.07 0.00 0.00 0.01 0.00 14.87 0.06 1.21 0.00 0.01 99.83 
STF-02B ksp 0.03 0.00 0.00 64.29 19.11 0.00 0.00 0.00 0.00 0.00 15.03 0.06 1.13 0.00 0.04 100.01 
STF-02B ksp 0.03 0.00 0.00 63.47 19.07 0.04 0.01 0.00 0.00 0.00 14.36 0.08 1.66 0.00 0.02 99.08 
STF-02B ksp 0.03 0.00 0.00 64.20 19.16 0.02 0.02 0.00 0.00 0.00 14.71 0.06 1.55 0.00 0.00 100.08 
STF-02B ksp 0.03 0.00 0.01 63.82 19.09 0.00 0.00 0.00 0.00 0.00 15.28 0.05 0.93 0.00 0.00 99.55 
STF-02B and 0.01 0.02 0.03 36.42 65.81 0.17 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.00 0.01 102.49 
STF-02B and 0.31 0.04 0.04 43.16 42.92 0.35 0.00 0.00 0.06 0.00 0.14 0.00 0.07 0.00 0.00 87.09 
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STF-02B and 0.01 0.02 0.03 35.60 64.74 0.19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.59 
STF-02B and 0.03 0.03 0.00 35.65 65.21 0.19 0.01 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 101.13 
STF-02B and 0.05 0.01 0.02 36.05 65.59 0.15 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 101.89 
STF-02B musc 0.29 0.50 0.23 40.06 33.45 1.05 0.00 0.00 0.06 0.09 9.32 0.02 0.41 0.00 0.05 85.48 
STF-02B musc 0.08 0.48 0.26 42.82 35.76 1.02 0.00 0.00 0.01 0.02 9.81 0.01 0.43 0.00 0.00 90.75 
STF-02B musc 0.09 0.45 0.30 43.20 36.36 1.20 0.01 0.00 0.01 0.00 9.19 0.00 0.37 0.00 0.02 91.24 
STF-02B musc 0.09 0.41 0.15 42.94 36.27 1.13 0.00 0.00 0.00 0.00 9.60 0.00 0.44 0.00 0.02 91.08 
STF-02B musc 0.08 0.51 0.20 46.17 37.83 1.06 0.01 0.00 0.03 0.06 7.55 0.00 0.37 0.00 0.00 93.89 
STF-02B ox 0.22 0.10 57.10 1.97 1.90 25.09 0.61 0.01 0.06 0.69 0.07 0.27 0.26 0.43 0.15 89.88 
STF-02B ox 0.26 0.11 51.65 1.53 2.54 33.05 1.50 0.00 0.02 0.58 0.04 0.02 0.13 1.06 0.00 93.41 
STF-02B ox 0.29 0.09 54.39 1.79 2.23 27.66 0.96 0.05 0.07 0.66 0.06 0.29 0.18 0.49 0.06 90.19 
STF-02B ox 0.27 0.07 58.70 1.59 2.07 24.21 0.26 0.03 0.04 0.32 0.04 0.32 0.16 0.17 0.11 89.56 
STF-02B ox 0.13 0.06 55.64 0.87 0.95 30.74 1.42 0.04 0.03 0.25 0.05 0.16 0.13 0.70 0.09 92.39 
STF-16A ox 0.07 0.06 56.52 2.47 2.07 33.67 1.34 0.01 0.00 0.03 0.06 0.03 0.02 0.16 0.00 97.62 
STF-16A ox 0.10 0.09 52.54 0.29 0.19 43.05 1.44 0.00 0.00 0.00 0.07 0.03 0.03 0.17 0.04 99.12 
STF-16A ox 0.05 0.08 52.60 0.03 0.02 42.84 1.52 0.02 0.00 0.00 0.07 0.01 0.00 0.28 0.00 98.61 
STF-16A ox 0.04 0.10 52.88 0.01 0.04 42.93 1.60 0.00 0.01 0.00 0.04 0.01 0.00 0.22 0.00 99.05 
STF-16A ox 0.06 0.05 52.80 0.07 0.06 42.65 1.52 0.03 0.00 0.00 0.07 0.00 0.00 0.23 0.00 98.66 
STF-16A and 0.02 0.02 0.00 76.09 26.16 0.13 0.00 0.00 0.00 0.04 0.02 0.00 0.03 0.00 0.03 102.55 
STF-16A and 0.00 0.01 0.01 36.14 65.90 0.24 0.02 0.21 0.00 0.00 0.00 0.00 0.02 0.00 0.00 102.59 
STF-16A and 0.07 0.04 0.03 36.16 64.87 0.30 0.00 0.30 0.00 0.00 0.00 0.00 0.02 0.00 0.00 101.88 
STF-16A and 0.05 0.01 0.01 34.90 64.08 0.23 0.00 0.05 0.00 0.04 0.00 0.00 0.01 0.00 0.00 99.41 
STF-16A and 0.00 0.03 0.05 35.25 64.49 0.20 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.20 
STF-16A ksp 0.06 0.01 0.02 64.42 19.41 0.01 0.00 0.00 0.00 0.00 13.25 0.17 2.55 0.00 0.00 100.24 
STF-16A ksp 0.03 0.00 0.02 63.44 19.19 0.00 0.00 0.00 0.00 0.00 15.15 0.17 1.06 0.00 0.01 99.37 
STF-16A ksp 0.02 0.01 0.02 63.74 19.06 0.00 0.00 0.00 0.00 0.00 15.18 0.14 1.02 0.00 0.03 99.50 
STF-16A ksp 0.05 0.00 0.01 64.28 19.36 0.00 0.00 0.00 0.00 0.00 15.24 0.09 0.93 0.00 0.00 100.31 
STF-16A ksp 0.02 0.00 0.03 64.58 19.36 0.00 0.00 0.00 0.00 0.00 15.10 0.07 1.07 0.00 0.00 100.56 
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STF-16A bi 0.04 6.56 2.16 34.37 21.45 21.17 0.17 0.01 0.01 0.30 9.15 0.02 0.14 0.02 0.02 95.58 
STF-16A bi 0.09 6.52 2.03 33.73 20.77 20.68 0.14 0.02 0.02 0.38 9.07 0.04 0.21 0.00 0.00 93.59 
STF-16A bi 0.05 6.31 2.18 33.43 20.59 21.67 0.13 0.01 0.00 0.21 9.25 0.00 0.15 0.00 0.00 93.97 
STF-16A bi 0.02 6.50 2.11 34.08 21.09 21.70 0.13 0.00 0.00 0.21 9.38 0.01 0.17 0.00 0.02 95.40 
STF-16A bi 0.11 6.08 2.09 33.45 20.91 20.18 0.14 0.00 0.02 0.29 8.85 0.00 0.17 0.04 0.01 92.29 

 
 
 
 
 
 
 
 
 
 
 


