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SUMMARY
Thirty four samples of drill core from the Savage River Centre Pit deposit were analysed by XRD to validate results from Hylogger analyses. The main outcome helps to determine the mineralogy which helps estimate the PAF (potential acid-forming) potential and ANC (acid-neutralising capacity) of these rocks in the tailings. Most of the rocks contain little or no sulphates after cutting and cleaning of the samples, and the correlation between the XRD and Hylogger results is very good. 


INTRODUCTION
The Hylogger IR spectroscopic analyses of drill core, conducted by various Geological Surveys in Australia, routinely returns analyses indicating various minerals that often cannot be readily confirmed in the hand specimens, and require XRD (X-ray diffraction) or other methods for confirmation.  

The objective of this study was to confirm the mineralogy of 34 samples of drill core from the Savage River Centre Pit deposit, Tasmania, by XRD, in order to validate the results from Hylogger analyses. The main outcome is to help estimate the amount of PAF (potential acid-forming) material and the ANC (acid-neutralising capacity) of these rocks in the tailings. The samples were HYlogged previously (Report LJN2020-098 and 099) but the results were inadequate due to oxidation and weathering of the cores post-drilling. This set of dta was most done on clean, fresh-cut core.


SAMPLE DESCRIPTIONS

The details of the drill core samples are summarised in Table 1 below. See Appendix 1 for abbreviations. Pictures are in Figs 1 – 3.

Table 1: Sample details
(Highlighted samples were not tested by XRD)
	Reg. #
	Hole Number & Depth
	Sample Description
- Visual
	Process
	Litho Unit

	G409611
	CDDH13003/78.0
	Chl-SiSt
	XRD, HyL
	WWA

	G409612
	CDDH13003/79.8
	Chl-SiSt
	XRD, HyL
	WWA

	G409614
	CDDH13003/158.9
	Dol, py
	XRD, HyL
	WWA

	G409615
	CDDH13003/170.1
	Chlorite-phyllite breccia
	XRD, HyL
	WWA

	G409616
	CDDH13003/183.15
	Black slate
	XRD, HyL
	WWA

	G409617
	CDDH13003/184.2
	Py-dol-slate
	XRD, HyL
	WWA

	G409618
	CDDH13003/201.0
	Chl-SiSt
	XRD, HyL
	WWA

	G409619
	CDDH13003/212.8
	Chl-SiSt
	XRD, HyL
	WWA

	G409620
	CDDH13003/219.0
	Chl-SiSt
	XRD, HyL
	WWA

	G409621
	CCDH13012/29.1
	Chl-SiSt
	XRD, HyL
	WWA

	G409622
	CCDH13012/38.9
	Chl schist rubble
	XRD, HyL
	WWA

	G409623
	CCDH13012/51.5
	Chl qtz schist rubble
	XRD, HyL
	WWA

	G409624
	CCDH13012/149.1
	Chl-ab
	XRD, HyL, 
	WWA

	G409625
	CCDH13012/61.4
	Phyllite
	XRD, HyL
	WWA

	G409626
	CCDH13012/71
	Chl schist rubble
	XRD, HyL
	WWA

	G409627
	CCDH13012/77.05
	Chl-dol
	XRD, HyL
	WWA

	G409628
	CCDH13012/79.6
	Chl-Ab
	XRD, HyL
	WWA

	G409629
	CCDH13012/51.5
	Qtz-chl schist rubble
	HyL
	WWA

	G409630
	CCDH13012/99.6
	Chl schist
	XRD, HyL
	WWA

	G409631
	CCDH13012/125.45
	Chl schist rubble
	XRD, HyL
	WWA

	G409632
	CCDH13012/71.0
	Chl schist rubble
	HyL
	WWA

	G409633
	CCDH13012/136.02
	Ab-chl brx
	XRD, HyL
	WWA

	G409634
	CCDH13012/170.4
	Ab
	XRD, HyL
	WWA

	G409635
	CDDH13012/146.7
	Chl-Ab
	XRD, HyL
	WWA

	G409636
	CDDH13012/149.1
	Chl-Ab
	XRD, HyL
	WWA

	G409637
	CDDH13012/143.4
	Chl schist
	XRD, HyL
	WWA

	G409638
	CDDH13012/144.6
	Chl-Ab
	XRD, HyL
	WWA

	G409639
	CDDH13012/150.1
	Chl-Ab
	XRD, HyL
	WWA

	G409640
	CDDH13012/157.1
	Albitite +am fibre vein
	XRD, HyL
	MHA

	G409644
	CDDH13012/221.9
	Am-py-mt-dol
	XRD, HyL
	MHA

	G409650
	CDDH13015/51.0
	Amphibolite
	XRD, HyL
	MHA

	G409660
	CDDH13017/37.0
	Qtz-chl-schist
	XRD, HyL
	Fill

	G409661
	CDDH13017/53.4
	Qtz-chl-schist
	XRD, HyL
	MHA

	G409662
	CDDH13017/74.75
	Chl-mt-dol
	XRD, HyL
	MHA
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Fig. 1a: Hylogged samples. 
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Fig. 1b: Hylogged samples. 
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Fig. 1c: Hylogged samples. 

METHODS
The samples were prepared, examined and analysed by Hylogger and XRD in the Mineral Resources Tasmania (MRT) laboratories, Rosny Park and Mornington, Tasmania. Sampling in this round avoided core with abundant amphiboles, serpentine, pyrite and magnetite.
The Hylogging results are summarised in Table 2.  The full Hylogger data, including IR spectroscopy and drillcore photographic images, have been provided to Grange Resources separately. 


XRD

To check the mineralogy of 2 samples, they were analysed by XRD. Every attempt was made to sample the areas of core Hylogged, and be relatively homogenous.  The samples were prepared, examined, and analysed in the MRT laboratories, Rosny Park, Tasmania. They were run on a Rigaku Miniflex 600 X-Ray Diffractometer system provided with a 600W generator 150mm goniometer with a Cu tube; 40kV/15mA, sample spinner and a Scintillation counter (SC) with Be window, and a graphite counter monochromator and a Kß Ni- filter.. The MRT validated XRD analysis procedure scans over the range 3-63° 2Theta-2Theta range, with a scanning speed of 0.05o /min, and sample rotation of 15 rpm. The raw data were processed using the Rigaku PDXL2 software linked to the ICCD database. 
Quantification is largely manual, using a series of prepared standards of the more common minerals to enable some semi-quantitative analysis. Quartz, if present, is used as an internal standard; and if not present, it is often added to the sample for a supplementary scan.  Our semi-quantitative results are calculated using single-peak calibration factors derived from scans of known mixtures of minerals.
The results are shown in Appendix 2 and summarised in Table 2. 





Table 5: Comparison of Hylogger and XRD Results
(discrepancies are highlighted)
	Reg. #
	Hole Number & Depth
	Sample Description - Visual
	Hylogger -TIR Mineralogy -Round 1. Highlighted cells are very possibly invalid.
	XRD – Minerals >10%
	Litho Unit
	uTSAS results
	Round 2 CLS results
	Missed

	G409611
	CDDH13003/78.0
	Phyllite +dol
	Quartz, Calcite, Magnesite, Albite, Gypsum, Dolomite
	Chlorite-quartz-Albite -dolomite-calcite
	WWA
	dolomite
	Dolomite, calcite, sid?
	Chlorite-quartz-Albite

	G409612
	CDDH13003/79.8
	Chl-SiSt
	Quartz, calcite, chlorite-FeMg
	Chlorite-quartz-Albite
	WWA
	Chl, cac, sid
	Qz, ab, cac, chl
	

	G409614
	CDDH13003/158.9
	Dol, py
	Quartz, calcite, ankerite
	Dolomite-siderite-pyrite
	WWA
	Sid, aspectral, mtm?
	Dolomite, sid, cac, qz?
	

	G409615
	CDDH13003/170.1
	Chlorite-phyllite breccia
	Chlorite, Quartz, Albite, Am, Ep, CO3
	Albite-chlorite
	WWA
	Chl, Hb, cac
	Ab, Chl, cac
	

	G409616
	CDDH13003/183.15
	Black slate
	Quartz, ankerite, dolomite, chlorite
	Quartz-dolomite-chlorite
	WWA
	Almost aspectral
	Dolomite, chl, qz
	

	G409617
	CDDH13003/184.2
	py-dol-slate
	ankerite, magnesite, quartz, calcite
	Dolomite-quartz-Albite
	WWA
	Almost apectral
	Dolomite, calcite, qz
	Ab

	G409618
	CDDH13003/201.0
	Chl-SiSt
	ankerite, magnesite, quartz, calcite
	Chlorite-quartz-calcite
	WWA
	Chl
	Chl, sid
	qtz?

	G409619
	CDDH13003/212.8
	Chl-SiSt
	ankerite, magnesite, calcite
	Chlorite-K-feldspar-quartz-Albite
	WWA
	Chl, sid
	Chl, ab, sid
	Ksp

	G409620
	CDDH13003/219.0
	Chl-SiSt
	quartz, chlorite-Fe, calcite
	Albite-chlorite-clinopyroxene-Quartz - K-feldspar-amphibole
	WWA
	Chl, hb
	Chl, ab, qz
	cpx, Ksp

	G409621
	CCDH13012/29.1
	Chl-SiSt
	Albite-chlorite-quartz-anhydrite-epidote
	Albite-chlorite-quartz-amphibole
	WWA
	Chl, Hb, sid
	Ab, Qz, chl, 
	

	G409622
	CCDH13012/38.9
	chl schist rubble
	Gypsum-calcite-andesine
	Albite-chlorite-amphibole
	WWA
	Ch, hb
	Ab, Chl
	

	G409623
	CCDH13012/51.5
	chl qtz schist rubble
	Albite-calcite-anhydrite-andesine
	Albite-talc-chlorite
	WWA
	Ch, tl?, 
	Chl, albite, 
	

	G409624
	CCDH13012/149.1
	Chl-ab
	Qtz, albite, Am, Chl, Cal, anhydrite, gypsum
	Chlorite-albite-talc-amphibole
	WWA
	Phl, chl
	Phl, chl
	

	G409625
	CCDH13012/61.4
	phyllite
	Gypsum-calcite-montmorillonite
	Amphibole-Albite-quartz
	WWA
	Hb, chl
	Qz, ab
	

	G409626
	CCDH13012/71
	chl schist rubble
	Chlorite-FeMg, anhydrite, albite, montmorillonite
	Albite-chlorite
	WWA
	Chl, hb?
	Ab, chl, Olig?
	

	G409627
	CCDH13012/77.05
	chl-dol
	Albite, calcite, anhydrite
	Albite
	WWA
	Chl, cac, ank, phl, sid?
	Ab, chl, olig, cac
	

	G409628
	CCDH13012/79.6
	Chl-Ab
	gypsum, calcite, bytownite
	Albite
	WWA
	Chl, phl?
	Ab, chl, olig?
	

	G409629
	CCDH13012/51.5
	qtz-chl schist rubble
	albite, anhydrite, 
labradorite
	 Not analysed
	WWA
	Chl, phl?
	Ab, chl, olig?
	

	 G409630
	CCDH13012/99.6
	chl schist
	Chlorite FeMg, montmorillonite, anhydrite
	Albite
	WWA
	Hb, chl, act
	Ab, hb, andesine?
	

	G409631
	CCDH13012/125.45
	chl schist rubble
	albite, chlorite FeMg, Chlorite, anhydrite
	Albite
	WWA
	Chl, hb
	Ab, chl, act?
	

	G409632
	CCDH13012/71.0
	chl schist rubble
	muscovite, talc, gypsum
	 Not analysed
	WWA
	Chl, hb
	Ab, chl, act?
	

	G409633
	CCDH13012/136.02
	Ab-chl brx
	gypsum, calcite, albite, quartz
	Albite-K-feldspar-clinopyroxene
	WWA
	Chl, phl, ank? hb, sid?
	Hb,chl, ab, olig?
	cpx

	G409634
	CCDH13012/170.4
	Ab
	Albite, calcite, anhydrite
	Albite-amphibole-chlorite-talc
	WWA
	Hb, Chl, act? cac, ank, Gyp
	Ab, gyp, olig?, talc?
	

	G409635
	CDDH13012/146.7
	Chl-Ab
	albite, anhydrite, quartz
	Albite-chlorite-quartz
	WWA
	Chl, hb, phl?
	Ab, olig? Chl?
	

	G409636
	CDDH13012/149.1
	Chl-Ab
	gypsum, calcite, actinolite, anhydrite
	Albite
	WWA
	Hb, chl
	Ab, chl, act?
	

	G409637
	CDDH13012/143.4
	Chl schist
	muscovite, quartz, anhydrite
	Muscovite-quartz-Albite
	WWA
	Phe, chl
	Ms, qz, ab
	

	G409638
	CDDH13012/144.6
	Chl-Ab
	calcite, montmorillonite, quartz
	Quartz-Albite
	WWA
	Phl? chl?
	Ab, qz, chl
	

	G409639
	CDDH13012/150.1
	Chl-Ab
	calcite, quartz, muscovite
	Quartz-Albite-amphibole-clinopyroxene
	WWA
	Hb, chl
	Ab, qz, act, chl, hb
	cpx

	G409640
	CDDH13012/157.1
	Albitite +Am fibre veins
	actinolite, albite, edenite
	Albite
	WWA
	Hb
	Ab, act?
	

	G409644
	CDDH13012/221.9
	Am-py-mt-dol
	albite, quartz, phengite (visual sulphide?)
	Fluorapatite-pyrite-quartz
	MHA
	Chl, sid, dolomite, 
	Qz, ap, ab, chl
	

	G409650
	CDDH13015/51.0
	amphibolite
	gypsum, dolomite, albite
	Albite-amphibole
	WWA
	Hb, Chl
	Qz, ab
	

	G409660
	CDDH13017/37.0
	qtz-chl-schist
	magnesite, gypsum, montmorillonite
	Albite-amphibole
	WWA
	Chl, hb, act
	Alb, olig?, act
	

	G409661
	CDDH13017/53.4
	qtz-chl-schist
	quartz, dolomite, ankerite, calcite
	Quartz-Albite-cal
	WWA
	Chl, ank, phe, sid?
	Ab, ms, cal, dolomite? Qtz?
	

	G409662
	CDDH13017/74.75
	chl-mt-dol
	talc, siderite, calcite, chlorite-FeMg, albite
	Talc-chlorite-Albite
	MHA
	Hb, chl, sid
	Ab, chl, cac? Talc
	




MINERAL RESOURCES TASMANIA



LJN2021-006 Grange - Laboratory Report2 		21 of 22
CONCLUSIONS AND DISCUSSION 

The Hylogger results were generally well validated by XRD, and is better than the initial hylogging due to the clean surfaces analysed after cutting the core.  None of the new Hylogger analyses was totally invalid relative to the XRD analyses. The Hylogger missed some major minerals detected by XRD in 6 samples (mostly clinopyroxene and Kspar), and 15 of the samples have minerals reported by Hylogger that could not be validated by XRD (mostly oligoclase-andesine (7), also siderite, calcite, montmorillonite and quartz). The initial Hylogging of these same 34 samples gave 12 results which were essentially totally invalidated by XRD; 16 that reported minerals not validated by XRD (mostly sulphates), and 12 that missed major minerals shown by XRD. The initial Hylogging indicated 18 of these to have gypsum and/or anhydrite as major components, but the second round indicated sulphates in only one sample (still unconfirmed by XRD). The mineralised zones gave even worse results. Thus this second round of Hylogging is much better than that on the unaltered core. Some ongoing discrepancies could be due to inter-sample mineralogical variability, eg. sparse, small veins, especially for calcite. The reports of plagioclase, other than albite, by Hylogger seem to be very suspect, as are most reports of siderite, montmorillonite, ankerite and magnesite. Some more petrology and SEM work is planned to help with this mineralogy.
The results indicate that Hylogging the uncut core indicated abundant anhydrite and gypsum in a very large proportion of that core, however these minerals generally could not be verified on cut core samples, and none are validated at more than 1% by XRD. Much of this probably reflects thin, post-drilling sulphate alteration on the cores, especially gypsum, although anhydrite is typically difficult to determine spectrally. The Hylogger is essentially a surface analysis technique, thus very sensitive to any oxidation or coatings. As the XRD analysis is a bulk analysis and not so sensitive to the core surface, the relatively small sulphate coatings on these samples is not usually obvious in the XRD analyses. 
In regards to the initial Hylogging, I think if we delete all reported sulphates, magnesite, siderite, ankerite, montmorillonite and calcic plagioclase from the initial data, we should have much more reliable results.





R.S. Bottrill 					J Renaud and L Unwin				
MINERALOGIST/PETROLOGIST 	TECHNICAL OFFICERS	
	
Disclaimers:

While every care has been taken in the preparation of this report, no warranty is given as to the correctness of the information and no liability is accepted for any statement or opinion or for any error or omission. No reader should act or fail to act on the basis of any material contained herein. Readers should consult professional advisers. As a result the Crown in Right of the State of Tasmania and its employees, contractors and agents expressly disclaim all and any liability (including all liability from or attributable to any negligent or wrongful act or omission) to any persons whatsoever in respect of anything done or omitted to be done by any such person in reliance whether in whole or in part upon any of the material in this report. The MRT laboratories are not NATA registered but work to similar standards. This and other data collected in MRT laboratories may enter the MRT databases but every attempt will be made to ensure it remains closed file and not be available externally, unless at your request. 

Appendix 1: Abbreviations
	Abbreviations
	Mineral

	Ab, Alb
	Albite

	Act
	Actinolite

	Am-
	Amphibole

	Anh-
	Anhydrite

	Ank-
	Ankerite

	Bar
	Baryte

	Bt
	Biotite

	Cal, cac
	Calcite

	Chl
	Chlorite

	CO3
	Carbonate

	Cpx
	Clinopyroxene

	Ep
	Epidote

	Gyp
	Gypsum

	Hb
	Hornblende

	Ksp
	Kspar

	MgSt
	Magnesite

	Mont, Mtm
	Montmorillonite

	Ms, musc
	Muscovite

	Olig
	Oligoclase

	Phe
	Phengite

	Phl
	Phlogopite

	Qz, Qtz
	Quartz

	Sid
	Siderite

	SiSt
	Siltstone

	Stp
	Stilpnomelane

	Tc
	Talc

	Wthd
	Weathered






Appendix 3: XRD Analyses: MRT Laboratory Report
Client:  R Bottrill	Sample Source:  Savage River
MRT Job Number:  LJN2021-006	Analysis:  Approximate Mineralogy
Method:  X-Ray Diffraction		Analyst:  L Unwin
Lab Manager: R Bottrill		Date:  6/11/2018

XRD Results-G409611repeat-LJN2020-098-QA1-11/2/21
General Information

	Measurement date:
	11/02/2021
	Interpretative date:
	11/02/2021

	Job Number/Client:
	LJN2020-098-Grange
	XRD
	Rigaku Miniflex 600

	Registration Number:
	G409611repeat
	Analyst: 
	LUnwin

	Quantitative Method:
	XPlot
	Process Medium:
	Wholerock

	Sample Holder:
	Standard
	Speed (deg/min):
	0.5

	Comment: 
	Shifted -0.03



Analysis Results

	Phase name
	Content wt% (± error)
	Formula

	Quartz
	18(5)
	SiO2

	Dolomite
	59(10)
	CaMg(CO3)2

	Calcite
	7(3)
	CaCO3

	Plagioclase*
	10(4)
	NaAlSi3O8

	Chlorite*
	6(3)
	(Fe,Mg,Al)6(Si,Al)4O10(OH)8



Notes
Peak overlap may interfere with identifications and quantitative calculations.  
Amorphous minerals and minerals present in trace amounts may not be detected.
Chlorite* - probably Mg-Chamosite
Plagioclase* - probably Albite


Peak List

	No.
	2-theta(deg)
	d(ang.)
	Phase name
	Rel. int. I(a.u.)

	1
	6.26(2)
	14.12(5)
	Chlorite(0,0,1)
	0.88

	2
	12.5181
	7.0654
	Chlorite(0,0,2)
	1.94

	3
	13.8329
	6.39663
	Plagioclase(1,0,-1)
	0.89

	4
	16.5542
	5.35075
	Dolomite(0,0,3)
	0.60

	5
	18.7871
	4.71952
	Plagioclase(1,-2,0),Chlorite(0,0,3)
	0.91

	6
	20.8565
	4.25568
	Quartz(1,0,0),Plagioclase(0,3,0),Chlorite(1,-1,1)
	2.14

	7
	22.2546
	3.99139
	Plagioclase(2,0,-1)
	1.20

	8
	23.1783
	3.83437
	Calcite(0,1,2),Plagioclase(1,-1,1)
	0.78

	9
	24.035(16)
	3.700(2)
	Chlorite(1,-1,2),Dolomite(0,1,2)
	5.49

	10
	25.15(4)
	3.539(5)
	Plagioclase(1,0,-2),Chlorite(0,0,4)
	1.20

	11
	25.44(3)
	3.498(4)
	Plagioclase(1,1,-2),Chlorite(1,1,-3)
	0.68

	12
	26.638(5)
	3.3437(6)
	Quartz(0,1,1),Plagioclase(1,-1,-2),Chlorite(0,2,-3)
	13.37

	13
	27.9505
	3.18959
	Plagioclase(1,2,-2)
	0.79

	14
	29.45(2)
	3.031(2)
	Calcite(1,0,4),Plagioclase(0,1,2)
	9.37

	15
	30.6915
	2.9107
	Plagioclase(0,2,-2)
	0.87

	16
	30.9001
	2.89152
	Plagioclase(1,-4,0),Dolomite(1,0,4)
	100.00

	17
	33.4141
	2.67949
	Plagioclase(3,0,-1),Chlorite(1,-3,0),Dolomite(0,0,6)
	3.94

	18
	35.21(2)
	2.5471(14)
	Plagioclase(2,4,-1),Chlorite(2,0,1),Dolomite(0,1,5)
	2.94

	19
	36.1218
	2.48461
	Calcite(1,1,0),Plagioclase(1,-1,2)
	0.47

	20
	36.521(10)
	2.4583(7)
	Quartz(1,1,0),Plagioclase(1,4,-2),Chlorite(1,-3,2)
	1.64

	21
	37.261(8)
	2.4112(5)
	Plagioclase(2,-4,-1),Chlorite(0,2,-5),Dolomite(1,1,0)
	7.94

	22
	39.429(8)
	2.2835(5)
	Quartz(1,0,2),Calcite(1,1,3),Plagioclase(1,-4,-2),Chlorite(1,-3,3)
	2.12

	23
	41.008(6)
	2.1992(3)
	Plagioclase(2,5,-1),Chlorite(0,4,2),Dolomite(1,1,3)
	17.03

	24
	42.4253
	2.12889
	Quartz(2,0,0),Plagioclase(1,5,-2),Chlorite(2,-2,2)
	1.74

	25
	43.6915
	2.07008
	Plagioclase(3,-1,-3),Chlorite(2,0,-5),Dolomite(0,2,1)
	2.35

	26
	44.826(8)
	2.0203(3)
	Plagioclase(1,6,0),Chlorite(0,0,7),Dolomite(2,0,2)
	11.85

	27
	47.5031
	1.91249
	Calcite(0,2,4),Plagioclase(2,-5,-2),Chlorite(2,2,-5)
	2.22

	28
	49.2005
	1.85041
	Plagioclase(2,-5,1),Chlorite(0,2,-7),Dolomite(0,2,4)
	4.94

	29
	50.309(17)
	1.8122(6)
	Quartz(1,1,2),Plagioclase(2,-3,2),Chlorite(0,4,-5),Dolomite(0,1,8)
	12.46

	30
	50.94(3)
	1.7913(9)
	Quartz(0,0,3),Plagioclase(3,-3,1),Chlorite(0,4,5),Dolomite(1,1,-6)
	19.68

	31
	54.9343
	1.67006
	Quartz(0,2,2),Plagioclase(2,-2,-4),Chlorite(1,5,-3)
	1.12

	32
	56.2741
	1.63343
	Plagioclase(2,6,1),Chlorite(1,-5,3)
	1.23

	33
	58.791(15)
	1.5694(4)
	Calcite(1,0,10),Plagioclase(5,2,-2),Chlorite(3,1,-5),Dolomite(1,2,-1)
	4.05

	34
	59.73(4)
	1.5470(9)
	Quartz(1,2,1),Plagioclase(1,-3,-4),Chlorite(1,-5,4),Dolomite(1,2,2)
	6.33




Phase Data Pattern
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XRD Results-G409624-LJN2021-006-Grange-QA2-18/02/21
General Information

	Measurement date:
	11/02/2021
	Interpretative date:
	18/02/2021

	Job Number/Client:
	LJN2021-006-Grange
	XRD
	Rigaku Miniflex 600

	Registration Number:
	G409624
	Analyst: 
	LUnwin

	Quantitative Method:
	XPlot/PDXL Rel Height
	Process Medium:
	Wholerock

	Sample Holder:
	Standard
	Speed (deg/min):
	0.5

	Comment: 
	Shifted -0.03



Analysis Results

	Phase name
	Content wt% (± error)
	Formula

	Chlorite*
	17(5)
	(Fe,Mg,Al)6(Si,Al)4O10(OH)8

	Mica*
	4(2)
	K(Mg,Fe)3[AlSi3O10](OH)2

	Anatase
	1(1)
	TiO2

	Titanite
	<1
	Ca(TiO)(SiO4)

	Plagioclase*
	21(5)
	NaAlSi3O8

	Amphibole*
	8(3)
	Ca2(Mg4Al)(Si7AlO22)(OH)2

	Talc
	49(10)
	Mg3Si4O10(OH)2



Notes
Peak overlap may interfere with identifications and quantitative calculations.  
Amorphous minerals and minerals present in trace amounts may not be detected.
Plagioclase* probably Albite
Chlorite* probably Mg-Chamosite
Amphibole* probably Edenite
Mica* probably Phlogopite


Peak List

	No.
	2-theta(deg)
	d(ang.)
	Phase name
	Rel. int. I(a.u.)

	1
	6.208(6)
	14.225(13)
	Chlorite(0,0,1)
	33.75

	2
	8.695(8)
	10.162(9)
	Biotite(0,0,2)
	27.64

	3
	9.424(4)
	9.377(4)
	Talc(0,0,1)
	100.00

	4
	9.75056
	9.06369
	Amphibole(0,2,0)
	1.39

	5
	10.484(8)
	8.431(6)
	Amphibole(1,1,0)
	17.84

	6
	12.451(3)
	7.1034(17)
	Chlorite(0,0,2)
	54.97

	7
	13.840(6)
	6.394(3)
	Albite(0,2,0)
	11.47

	8
	14.9933
	5.90407
	Albite(1,1,-1)
	0.93

	9
	15.820(9)
	5.597(3)
	Chlorite(0,1,2),Albite(1,-1,-1)
	0.97

	10
	17.70(6)
	5.007(16)
	Titanite(0,1,1)
	1.73

	11
	18.728(6)
	4.7343(15)
	Chlorite(1,0,1),Amphibole(2,0,0)
	33.09

	12
	19.33(3)
	4.587(7)
	Chlorite(0,2,0),Biotite(0,2,0),Amphibole(0,4,0),Talc
	24.21

	13
	20.946(10)
	4.2378(19)
	Chlorite(1,-1,1),Biotite(0,2,2),Amphibole(2,2,0)
	7.84

	14
	22.015(10)
	4.0344(18)
	Chlorite(1,-1,-2),Albite(2,0,-1),Amphibole(2,0,-1)
	29.65

	15
	23.024(11)
	3.8597(18)
	Chlorite(0,2,-2),Albite(1,-1,1),Talc(1,1,1)
	3.06

	16
	23.523(10)
	3.7789(16)
	Chlorite(1,0,-3),Albite(1,1,1)
	12.04

	17
	24.260(8)
	3.6658(12)
	Chlorite, Biotite(1,1,3),Titanite(1,2,0),Albite(1,3,0),
Amphibole
	24.19

	18
	25.060(5)
	3.5505(7)
	Chlorite(0,0,4),Biotite(1,1,-4)
	37.76

	19
	25.366(10)
	3.5084(13)
	Chlorite(1,1,-3),Anatase(1,0,1),Albite(1,1,-2),Talc
	12.13

	20
	26.405(4)
	3.3726(5)
	Albite(1,-1,-2),Amphibole(0,4,1)
	20.07

	21
	26.651(15)
	3.3421(19)
	Chlorite(0,1,-4),Biotite(0,0,6),Albite(2,-2,-1)
	3.97

	22
	27.135(13)
	3.2836(15)
	Chlorite(1,2,1),Biotite(1,1,4),Titanite(2,1,-1),Amphibole(2,4,0),Talc(0,2,-2)
	6.36

	23
	27.41(2)
	3.251(3)
	Talc(0,2,2)
	3.85

	24
	27.734(18)
	3.214(2)
	Chlorite(1,2,-2),Albite(2,0,-2)
	52.94

	25
	27.876(5)
	3.1980(6)
	Albite(0,0,2)
	63.83

	26
	28.524(10)
	3.1268(10)
	Chlorite(1,0,-4),Amphibole(3,1,0),Talc(0,0,3)
	77.55

	27
	30.052(10)
	2.9712(10)
	Chlorite(0,3,-1),Albite(1,-3,1),Amphibole(1,5,-1)
	20.82

	28
	30.418(7)
	2.9362(7)
	Chlorite(1,2,-3),Biotite(1,1,5),Albite(0,4,-1)
	9.81

	29
	31.20(2)
	2.8645(19)
	Albite(1,3,1)
	5.59

	30
	31.479(14)
	2.8397(12)
	Chlorite(0,0,5),Albite(1,3,-2)
	7.75

	31
	32.969(7)
	2.7146(6)
	Chlorite(0,1,-5),Amphibole(1,5,1)
	8.72

	32
	33.92(2)
	2.6410(15)
	Chlorite(2,0,-1),Biotite(1,3,1),Titanite(1,2,-2),Albite(1,-3,-2),Amphibole(1,1,-2),Talc(1,-3,0)
	10.47

	33
	34.55(4)
	2.594(3)
	Chlorite(1,2,-4),Titanite(1,3,-1),Albite(2,4,-1),Amphibole(0,6,1),Talc(1,3,-1)
	28.93

	34
	35.1879
	2.54838
	Chlorite(2,1,-1),Albite(3,1,-2),Amphibole(2,0,-2)
	3.79

	35
	36.01(3)
	2.492(2)
	Chlorite(2,1,-2),Titanite(0,2,2),Albite(2,-2,1),Amphibole(1,7,0),Talc(1,-3,1)
	8.69

	36
	36.659(11)
	2.4494(7)
	Chlorite(2,-1,1),Biotite(1,3,3),Albite(2,-4,-1),Amphibole(2,2,-2),Talc(2,0,-2)
	6.73

	37
	36.93(4)
	2.432(3)
	Chlorite(2,1,1),Biotite(1,3,-4),Anatase(1,0,3),Albite(1,5,-1),Amphibole(1,3,-2),Talc(1,-1,3)
	6.43

	38
	37.63(2)
	2.3882(15)
	Chlorite(1,-2,4),Albite(2,-4,0),Amphibole(3,5,0),Talc(1,3,-2)
	1.95

	39
	38.40(3)
	2.3422(18)
	Amphibole(3,5,-1),Talc(0,0,4)
	1.79

	40
	38.8066
	2.31867
	Chlorite(0,3,4),Biotite(1,3,4),Titanite(1,3,1),Albite(3,3,-1),Amphibole(4,2,-1)
	3.13

	41
	39.8572
	2.25994
	Chlorite(1,-3,3),Biotite(0,4,2),Titanite(2,3,-1),Amphibole(0,8,0)
	2.39

	42
	41.23(2)
	2.1880(11)
	Chlorite(2,-1,-4),Biotite(1,3,5),Albite(1,-5,1),Amphibole(1,7,1)
	4.53

	43
	41.625(6)
	2.1679(3)
	Biotite(2,2,-4),Amphibole(2,6,1),Talc(2,0,-3)
	3.60

	44
	42.453(12)
	2.1276(6)
	Chlorite(2,-1,3),Biotite(2,2,3),Titanite(1,1,-3),Albite(0,6,0),Amphibole(4,4,-1)
	7.26

	45
	43.3591
	2.08518
	Biotite(1,1,-9),Titanite(2,1,-3),Albite(2,-4,1),Talc(0,2,-4)
	2.40

	46
	44.112(14)
	2.0513(6)
	Chlorite(1,3,4),Biotite(1,3,6),Amphibole(2,0,2),Talc
	3.15

	47
	44.89(2)
	2.0174(10)
	Chlorite(2,2,-4),Biotite(0,2,9),Titanite(3,2,-2),Albite(2,4,1),Amphibole(3,5,1)
	12.66

	48
	47.1529
	1.92588
	Chlorite(0,4,4),Biotite(1,3,7),Albite(2,-2,2),Amphibole(4,2,1)
	2.89

	49
	47.985(18)
	1.8944(7)
	Chlorite(2,-3,-3),Biotite(1,1,-10),Anatase(2,0,0),Titanite(2,3,1),Albite(4,-2,-2),Amphibole(5,1,0),Talc(2,0,-4)
	6.40

	50
	48.550(14)
	1.8737(5)
	Chlorite(2,3,2),Biotite(2,2,-7),Titanite(3,1,-3),Amphibole(2,4,2),Talc(0,0,5)
	1.66

	51
	49.15(3)
	1.8522(9)
	Chlorite(0,2,7),Biotite(0,2,10),Titanite(3,3,-1),Albite(4,0,-3),Amphibole(1,7,-2),Talc(0,4,-3)
	1.81

	52
	49.87(6)
	1.827(2)
	Chlorite(2,-1,-6),Biotite(2,2,6),Titanite(1,4,-2),Albite(2,6,0),Amphibole(4,4,-2),Talc(0,4,3)
	11.31

	53
	50.535(19)
	1.8046(6)
	Biotite(0,4,7),Albite(1,1,3),Amphibole(0,10,0)
	2.65

	54
	51.081(13)
	1.7866(4)
	Chlorite(2,-1,5),Albite(2,0,-4)
	5.50

	55
	52.1723
	1.75178
	Chlorite(1,0,-8),Biotite(3,1,-1),Titanite(2,4,-2),Albite(4,2,0),Amphibole(5,1,-2),Talc(2,2,-4)
	1.99

	56
	53.12(2)
	1.7228(6)
	Chlorite(3,-1,-2),Biotite(1,5,2),Albite(0,6,2),Amphibole(2,2,-3),Talc(2,-4,-1)
	2.66

	57
	54.286(11)
	1.6885(3)
	Chlorite(3,-1,-3),Titanite(0,5,1),Albite(2,-2,-4),Amphibole(2,8,-2)
	2.02

	58
	54.67(9)
	1.678(2)
	Chlorite(1,5,-2),Biotite(1,5,-3),Anatase(1,0,5),Titanite(1,1,3),Albite(3,5,-3),Amphibole(0,10,1),Talc(1,-3,4)
	10.19

	59
	55.531(11)
	1.6535(3)
	Chlorite(2,-4,2),Titanite(2,0,-4),Albite(3,3,-4),Amphibole(4,6,1),Talc(1,5,-2)
	1.52

	60
	56.188(15)
	1.6357(4)
	Chlorite(3,1,-4),Titanite(4,0,0),Albite(1,7,1),Amphibole(6,0,-1)
	1.56

	61
	57.7754
	1.5945
	Chlorite(1,1,8),Biotite(1,5,5),Titanite(1,5,1),Albite(0,8,0),Amphibole(4,0,-3),Talc(1,5,2)
	1.96

	62
	59.0595
	1.56286
	Chlorite(3,1,-5),Albite(5,-1,-1),Amphibole(1,11,-1),Talc(2,4,2)
	3.84

	63
	59.97(3)
	1.5413(6)
	Chlorite(2,-1,-8),Biotite(1,1,12),Albite(5,3,-2),Amphibole(6,4,-1),Talc(2,-2,-5)
	2.07

	64
	60.49(6)
	1.5293(13)
	Chlorite(2,-4,-5),Biotite(1,5,6),Titanite(4,2,0),Albite(4,-2,-4),Amphibole(4,2,2),Talc(3,-1,2)
	4.34

	65
	61.52(9)
	1.506(2)
	Chlorite(2,0,7),Biotite(1,5,-7),Titanite(0,0,4),Albite(1,-7,2),Amphibole(2,8,2),Talc(3,-3,0)
	7.73




Phase Data Pattern
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Appendix 2: MRT Laboratory Report

Client:  		Grange Resources
Sample Location:  	Savage River mine
Job Number:  		LJN2020-098,099
Analyses:  		Approximate Mineralogy 
Methods: 		XRD
Analyst:  		J Renaud, L Unwin
Lab Manager: 		R Bottrill
Date:  			23/11/2020

	Sample
	Quartz
	Plagioclase
	Chlorite
	Amphibole
	Biotite
	Phlogopite
	Muscovite
	Illite
	Paragonite
	Antigorite
	Talc
	Smectite
	Vermiculite
	Clinopyroxene
	Clinozoisite
	Tourmaline
	Phillipsite
	Titanite
	Calcite
	Mg-Calcite
	Dolomite
	Ankerite
	Siderite
	Magnesite
	Hydrotalcite
	K-feldspar
	Pyrite
	Marcasite
	Magnetite
	Rutile
	Illmenite
	Anatase
	Jarosite
	Anhydrite
	Lansfordite
	Fluorapatite

	G409601
	32
	31
	16
	1
	
	
	
	
	
	
	
	
	
	17
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	3
	
	
	
	
	
	
	

	G409602
	15
	29
	42
	5
	
	
	2
	
	
	
	
	
	
	
	
	
	
	
	
	
	4
	
	
	
	2
	
	
	
	
	
	
	
	1
	
	
	

	G409605
	13
	16
	56
	1
	
	
	2
	
	5
	
	
	
	
	
	
	
	
	7
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G409606
	16
	25
	39
	10
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	2
	
	4
	
	
	
	
	3
	
	
	
	
	
	
	
	
	
	

	G409607
	13
	29
	57
	1
	<1
	
	
	
	
	
	
	
	
	
	
	
	
	<1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G409609
	27
	20
	46
	6
	<1
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G409610
	16
	32
	35
	14
	
	
	
	
	
	
	
	
	
	
	
	
	<1
	
	
	
	
	
	
	
	
	
	
	
	2
	
	
	
	
	
	
	

	G409611a
	20
	12
	61
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	3
	
	3
	
	
	
	
	
	1
	
	
	1
	
	
	
	
	
	

	G409611b
	18
	10
	6
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	7
	
	59
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G409612
	24
	18
	45
	
	
	
	2
	
	
	
	
	
	
	
	
	
	
	
	6
	
	
	2
	
	
	
	
	
	
	
	2
	2
	
	
	
	
	

	G409614
	2
	
	
	
	
	
	5
	
	
	
	4
	
	
	
	
	
	
	
	<1
	
	43
	
	31
	
	
	
	15
	<1
	
	
	
	
	
	
	
	

	G409615
	
	74
	16
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	2
	4
	
	
	
	
	
	
	
	2
	
	
	
	
	
	<1
	
	
	

	G409616
	47
	
	16
	2
	
	
	1
	
	
	
	1
	
	
	
	
	
	
	
	1
	
	28
	
	
	
	
	
	3
	
	
	
	
	
	
	
	
	

	G409617
	30
	11
	5
	3
	
	2
	
	
	
	
	
	
	
	
	
	
	
	
	2
	
	45
	
	
	
	
	
	1
	
	
	
	
	
	
	
	
	

	G409618
	13
	
	71
	2
	<1
	
	
	
	
	
	
	
	
	
	
	
	
	
	10
	
	
	
	
	
	
	3
	
	
	
	
	
	
	
	
	
	

	G409619
	15
	9
	52
	<1
	<1
	
	
	
	
	
	
	
	
	
	
	
	
	<1
	7
	
	
	
	
	
	
	16
	
	
	
	
	
	
	
	
	
	

	G409620
	11
	28
	25
	13
	
	
	5
	
	
	
	
	
	
	
	
	
	
	
	4
	
	
	
	
	
	
	13
	
	
	
	
	
	1
	
	
	<1
	

	G409621
	20
	36
	23
	12
	
	
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	5
	
	
	1
	
	
	
	

	Sample
	Quartz
	Plagioclase
	Chlorite
	Amphibole
	Biotite
	Phlogopite
	Muscovite
	Illite
	Paragonite
	Antigorite
	Talc
	Smectite
	Vermiculite
	Clinopyroxene
	Clinozoisite
	Tourmaline
	Phillipsite
	Titanite
	Calcite
	Mg-Calcite
	Dolomite
	Ankerite
	Siderite
	Magnesite
	Hydrotalcite
	K-feldspar
	Pyrite
	Marcasite
	Magnetite
	Rutile
	Illmenite
	Anatase
	Jarosite
	Anhydrite
	Lansfordite
	Fluorapatite

	G409622
	2
	45
	25
	15
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	5
	
	
	
	
	
	4
	3
	
	
	1
	
	
	
	
	
	

	G409623
	2
	43
	19
	9
	<1
	
	
	
	
	
	25
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	

	G409624
	
	22
	18
	6
	1
	
	
	
	
	
	52
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	

	G409625
	19
	27
	9
	27
	
	
	
	
	
	
	7
	
	
	
	
	
	
	2
	
	
	2
	
	
	
	
	
	2
	
	5
	
	
	
	
	
	
	

	G409626
	5
	53
	21
	6
	
	9
	
	
	
	1
	5
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G409627
	4
	91
	4
	
	
	
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G409628
	5
	90
	3
	
	2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G409629
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G409630
	4
	88
	4
	3
	2
	
	
	
	
	
	
	
	
	
	
	
	
	<1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G409631
	
	85
	4
	5
	1
	
	
	
	
	
	
	
	
	
	
	
	
	1
	4
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G409633
	
	33
	7
	8
	1
	
	
	
	
	
	<1
	
	
	15
	
	
	
	
	
	
	
	
	
	
	
	32
	
	
	3
	
	
	
	
	
	
	

	G409634
	2
	34
	20
	25
	
	
	
	
	
	
	12
	
	
	
	
	
	
	
	4
	
	
	
	
	
	
	
	
	
	3
	
	
	
	
	
	
	

	G409635
	10
	50
	13
	8
	4
	
	
	
	
	
	
	6
	
	
	
	
	
	
	
	
	
	
	
	
	
	9
	
	
	
	
	
	
	
	
	
	

	G409636
	7
	66
	8
	10
	
	6
	
	
	
	
	4
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	<1
	

	G409637
	25
	12
	2
	
	8
	
	44
	
	
	
	
	<1
	
	
	
	
	
	
	
	
	
	
	
	
	
	8
	
	
	
	
	
	1
	
	
	
	

	G409638
	60
	29
	6
	<1
	
	2
	
	
	
	
	
	
	
	
	
	
	
	
	4
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G409639
	44
	29
	1
	23
	
	
	
	
	
	
	
	
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	

	G409640
	
	95
	
	4
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G409641
	1
	46
	
	4
	
	
	
	
	
	
	
	
	
	49
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G409642
	89
	5
	
	6
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G409643
	83
	11
	
	5
	
	
	
	
	
	
	
	
	
	
	
	
	
	<1
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G409644
	16
	
	5
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	<1
	4
	
	
	
	
	
	
	
	28
	
	
	
	
	
	
	
	
	47

	G409645
	
	
	39
	20
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G409646
	
	
	T
	
	
	
	
	
	
	SD
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	T
	
	M
	
	
	
	
	
	
	

	G409647
	
	
	A
	A
	
	
	
	
	
	A
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	M
	
	T
	
	
	
	
	
	
	

	G409648
	48
	37
	11
	
	2
	
	
	
	
	
	
	
	
	
	
	
	
	<1
	2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G409650
	
	72
	9
	15
	<1
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G409652
	3
	34
	10
	17
	1
	
	
	
	
	
	
	
	
	
	35
	
	
	2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G409653
	2
	22
	6
	23
	3
	
	
	
	
	
	
	
	
	
	40
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Sample
	Quartz
	Plagioclase
	Chlorite
	Amphibole
	Biotite
	Phlogopite
	Muscovite
	Illite
	Paragonite
	Antigorite
	Talc
	Smectite
	Vermiculite
	Clinopyroxene
	Clinozoisite
	Tourmaline
	Phillipsite
	Titanite
	Calcite
	Mg-Calcite
	Dolomite
	Ankerite
	Siderite
	Magnesite
	Hydrotalcite
	K-feldspar
	Pyrite
	Marcasite
	Magnetite
	Rutile
	Illmenite
	Anatase
	Jarosite
	Anhydrite
	Lansfordite
	Fluorapatite

	G409654
	
	
	7
	13
	
	
	
	
	
	
	
	
	
	
	
	
	
	<1
	3
	
	
	
	
	
	
	
	77
	
	
	
	
	
	
	
	
	

	G409655
	
	
	60
	23
	
	
	
	
	
	
	
	
	
	
	9
	
	
	<1
	3
	
	
	
	
	
	
	
	
	
	5
	
	
	
	
	
	
	

	G409657
	4
	
	5
	
	
	
	
	
	
	68
	
	
	
	
	
	
	
	
	1
	
	
	
	
	
	
	
	6
	
	11
	
	
	
	
	
	
	5

	G409658
	
	
	6
	
	
	
	
	
	
	69
	
	
	
	
	
	
	
	
	1
	
	
	
	
	
	
	
	5
	
	19
	
	
	
	
	
	
	

	G409659
	3
	3
	7
	17
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	57
	
	
	
	
	
	
	
	
	13

	G409660
	4
	67
	3
	15
	
	3
	
	
	
	
	
	
	
	8
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G409661
	44
	34
	5
	
	
	
	
	6
	
	
	
	
	
	
	
	
	
	
	
	
	5
	
	
	
	
	
	6
	
	
	
	
	
	
	
	
	

	G409662
	9
	11
	26
	7
	3
	
	
	
	
	
	34
	
	
	
	
	
	
	
	6
	
	
	
	
	
	
	
	
	
	5
	
	
	
	
	
	
	

	G409663
	2
	92
	1
	4
	
	
	
	
	
	
	<1
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G409665
	
	
	9
	55
	
	
	
	
	
	
	
	
	
	
	
	12
	
	4
	
	
	
	
	
	
	
	
	
	
	13
	
	
	
	
	
	
	

	G409666
	
	
	1
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	
	
	
	
	16
	
	76
	
	
	
	
	
	
	5

	G409668
	
	
	3
	2
	
	
	
	
	
	
	
	
	
	
	
	
	
	<1
	
	
	
	
	
	
	
	
	
	
	94
	
	
	
	
	
	
	

	G409670
	
	32
	3
	27
	
	
	
	
	
	
	
	
	
	
	20
	
	
	6
	
	
	
	
	
	
	
	
	
	
	10
	
	
	
	
	2
	
	

	G409671
	2
	29
	12
	26
	
	
	
	
	
	
	
	
	
	
	29
	
	
	2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G409672
	
	
	62
	36
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	2
	
	
	
	
	
	
	
	
	

	G409673
	<1
	16
	<1
	23
	
	
	
	
	
	
	
	
	
	
	59
	
	
	2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G409674
	3
	39
	
	14
	
	
	
	
	
	
	
	
	
	
	41
	
	
	2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G409676
	
	21
	19
	20
	1
	
	
	
	
	
	
	
	
	
	32
	
	
	7
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G409677
	2
	27
	4
	24
	
	
	
	
	
	
	
	
	
	
	43
	
	
	<1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G409679
	
	
	28
	9
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	64
	
	
	
	
	
	
	

	G409680
	
	13
	18
	25
	
	
	
	
	
	
	
	
	
	
	41
	
	
	3
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G409681
	
	
	3
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	3
	
	94
	
	
	
	
	
	
	

	G409682
	
	63
	16
	17
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	3
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G409684
	
	
	37
	20
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	11
	
	33
	
	
	
	
	
	
	

	G409685
	
	
	15
	27
	
	
	
	
	
	
	
	
	
	
	52
	
	
	3
	
	
	
	
	
	
	
	
	3
	
	
	
	
	
	
	
	
	

	G409686
	
	18
	20
	39
	
	
	
	
	
	
	
	
	
	
	9
	
	
	
	1
	
	
	
	
	
	
	
	4
	
	
	
	
	9
	
	
	
	

	G409687
	
	48
	10
	35
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	6
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G409688
	15
	47
	3
	4
	14
	
	13
	
	
	
	
	1
	
	
	
	
	
	
	1
	
	
	
	
	
	
	
	2
	
	
	
	
	
	
	
	
	

	Sample
	Quartz
	Plagioclase
	Chlorite
	Amphibole
	Biotite
	Phlogopite
	Muscovite
	Illite
	Paragonite
	Antigorite
	Talc
	Smectite
	Vermiculite
	Clinopyroxene
	Clinozoisite
	Tourmaline
	Phillipsite
	Titanite
	Calcite
	Mg-Calcite
	Dolomite
	Ankerite
	Siderite
	Magnesite
	Hydrotalcite
	K-feldspar
	Pyrite
	Marcasite
	Magnetite
	Rutile
	Illmenite
	Anatase
	Jarosite
	Anhydrite
	Lansfordite
	Fluorapatite

	G409689
	35
	55
	<1
	
	
	
	
	
	
	
	7
	
	
	
	
	
	
	
	1
	
	
	
	
	
	
	
	
	
	2
	
	
	
	
	
	
	

	G409690
	6
	84
	1
	<1
	3
	
	4
	
	
	
	
	1
	
	
	
	
	
	<1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G409691
	64
	14
	13
	
	3
	
	5
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	2
	
	
	
	
	

	G409692
	25
	20
	41
	
	
	
	9
	
	
	
	
	
	
	
	
	
	
	<1
	
	
	
	
	
	
	
	
	5
	
	
	
	
	
	
	
	
	

	G409694
	7
	52
	4
	28
	2
	
	
	
	
	
	
	
	
	
	
	
	
	
	2
	
	1
	
	
	
	
	
	
	
	5
	
	
	
	
	
	
	

	G409695
	32
	14
	41
	
	
	
	3
	
	
	
	
	
	
	
	
	
	
	
	6
	
	
	
	
	
	
	
	1
	
	
	
	3
	
	
	
	
	

	G409696
	33
	40
	11
	
	
	
	8
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	
	
	
	4
	
	
	
	3
	
	
	
	
	

	G409697
	43
	8
	13
	
	
	
	31
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	
	
	
	1
	
	
	
	3
	
	
	
	
	

	G409698
	44
	17
	14
	
	
	
	22
	
	
	
	
	
	
	
	
	
	
	
	
	
	2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G409699
	27
	22
	15
	
	
	
	36
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G409701
	32
	34
	12
	
	
	
	21
	
	
	
	
	
	
	
	
	
	
	
	
	
	2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G409702
	2
	86
	<1
	
	
	
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	9
	
	
	
	
	
	2
	
	
	
	
	
	
	
	
	

	G409703
	19
	33
	13
	
	4
	
	6
	
	
	
	
	
	
	
	
	
	
	
	1
	
	17
	
	
	
	
	2
	
	
	4
	2
	
	
	
	
	
	

	G409704
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	<1
	
	
	96
	
	
	2
	
	
	
	
	
	
	
	
	

	G409706
	34
	57
	3
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	5
	
	
	
	
	
	2
	
	
	
	
	
	
	
	
	

	G409707
	21
	64
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	14
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G409708
	47
	50
	1
	
	<1
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	average
	15
	30
	16
	9.2
	0.6
	0.2
	2.5
	0.1
	0.1
	1.6
	1.1
	0.1
	0
	1
	4.6
	0.1
	0
	0.5
	1.1
	0.1
	2.1
	0
	0.3
	1.1
	0
	1
	3
	0
	5.1
	0.1
	0.1
	0.1
	0
	0
	0
	0.8



Notes:

Peak overlap may interfere with identifications and quantitative calculations. 
Amorphous minerals and minerals present in trace amounts may not be detected.
Clinozoisite includes epidote.
Amphibole may be largely tremolite-actinolite.
Plagioclase is probably mostly albite.
Clinopyroxene is probably diopside.
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