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Analytical Procedures
GEO Sample prep (SPG)

Any samples larger than approximately 4 centimeters were broken into smaller pieces using a hydraulic splitter. The crushed sample was then split in a vented riffler from which 150 g of sample was collected for further processing and the remainder archived. The 150 g of samples was ground in a cleaned ceramic (or agate) bowl with an appropriate number of grinding balls and milled on a 99.8% pure Al2O3 planetary ball mill for 45 to 60 minutes. In this process a minor amount of Al was added to the samples. The resulting powder was screened through a 170-mesh nylon sieve and collected on a piece of glazed paper. Material larger than +170 was re-ground until 95% of the sample passes the mesh. Rock powder was then homogenized using a rolling mat and transferred to a labeled bottle for further sample preparation.

LOI

The LOI method code was a 2-step program that was used prior to preparing a fused glass disk for XRF analysis. The first step ramps to 105(C under a nitrogen atmosphere and the second ramps to 1000(C under an oxygen atmosphere. This method code requires 4 g of sample.

A 4 g split of sample powder was placed in a LOI crucible and heated in the LECO TGA-501 instrument at 105(C until of constant weight, which was recorded. Once measured, the instrument increases the temperature to 1000(C until a constant weight was achieved, which was also recorded. The LOI was calculated as the difference in sample weight due to heating. Water was removed at 105(C and structurally removed by heating at 1000(C. Carbonates were decomposed at approximately 900(C and escapes as carbon dioxide, while sulphur was lost as sulphur dioxide at 1000(C in an oxygen atmosphere.

Major XRF-XWF-101

This package was designed for analysis of major elements of geological samples using wavelength dispersive X-ray fluorescence (XRF). The samples were first analyzed for loss on ignition (LOI) and then fused with borate flux to produce a glass bead. The sample size was 4 g. The major oxides analyzed were: Al2O3, CaO, Fe2O3, K2O, MgO, MnO, Na2O, P2O5, SiO2, and TiO2 with a detection limit of 0.01 wt%.

A 2.00 g split of LOI residue sample was weighted into a plastic vial. 8.00 grams of lithium tetraborate was added to the vial, which was then capped shut and gently mixed prior to addition to a platinum crucible. The crucible was secured into the LECO FX-100 fluxer unit at a temperature of approximately 1200(C and fluxed for 22 minutes. 0.05 grams of non-wetting agent (NH4I) was added to the molten flux 5 minutes prior to complexion of the fluxing period. Once complete, platinum-tipped tongs were used to remove the casting dishes and crucibles from their places in the fluxer. The hot, glass fusion disk was removed from the dish by dropping onto a smooth, flat surface. When cool to the touch, the disk was ready for analysis.

The samples were analyzed using a Rigaku RIX-3000 WD-XRF unit with a validated analytical method for major element determination equipped with an automatic sample changer. The instrument was calibrated by measuring the elemental response recorded from Certified Reference Materials (CRMs) as similar in type as possible to the unknown samples and prepared in the exact manner as the samples. An instrument monitor was analyzed every 25 samples to ensure the accuracy of the calibration.

Traces XRF-XWF-TR

This package was designed for analysis of trace elements of geological samples using X-ray fluorescence (XRF). A 10 g sample was compressed into a 40 mm pressed pellet. The trace elements analyzed, with their detection and upper limits, are:

	
	Detection Limit
	Upper Limit

	
	 .ppm
	ppm

	Ag
	5
	75

	As
	1
	4000

	Ba
	25
	5000

	Bi
	5
	440

	Co
	12
	1400

	Cr
	4
	4000

	Cs
	7
	1000

	Cu
	1
	7000

	Ga
	2
	400

	K
	10
	13500

	Mn
	10
	500

	Mo
	2
	650

	Na
	45
	5000

	Nb
	2
	600

	Ni
	2
	7000

	P
	10
	10000

	Pb
	5
	6500

	Rb
	2
	4000

	Sb
	5
	1000

	Sc
	6
	600

	Se
	2
	100

	Sn
	5
	1000

	Sr
	2
	4000

	Ta
	10
	500

	Th
	4
	1000

	Ti
	10
	20000

	U
	4
	1000

	V
	4
	850

	W
	12
	500

	Y
	1
	1000

	Zn
	3
	3000

	Zr
	3
	2500


5.0 g of –200 mesh sample was weighted into a plastic vial. 3 to 5 drops of polyvinyl alcohol binder solution was also added, and the mixture was stirred thoroughly with a Teflon rod. The sample was packed into the SPEX (model 3630B-115) hydraulic pellet press and boric acid was added to encase the sample. The hydraulic press uses 15 tons of pressure per square inch for 1.5 minutes. The sample was removed and allowed to dry in a dessicator for 24 hours prior to analysis.

The samples were analyzed using a Rigaku RIX-3000 WD-XRF unit with a validated analytical method for major element determination equipped with an automatic sample changer. The instrument was calibrated by measuring the elemental response recorded from Certified Reference Materials (CRMs) as similar in type as possible to the unknown samples and prepared in the exact manner as the samples. An instrument monitor was analyzed every 5 samples to ensure the accuracy of the calibration.

Closed Beaker Digestion –CT4

Four acids (hydrofluoric, hydrochloric, perchloric and nitric acid) were used in a closed digestion vessel to ensure total dissolution of all solids. This method was preferred for the determination of rare earth elements (REE: La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu), high field strength elements (HFSE: Zr, Nb, Hf, Ta) and large ion lithophile elements (LILE: Rb, Sr, Cs, Ba) plus Y, U, and Th. The sample size was 0.5 g.

Two solutions were used for the complete digestion of the pulverized geological sample: T4A (which contains 1:1:10 of HCl: HClO4:HF) and T4B (which contains 25:50:1 of DDW:HCl: HClO4). 0.200 grams of sample was weighted in a 60 mL Savillex closed digestion vessel, to which 15 mL of T4A solution was added. The vessel was capped tightly and placed in a well ventilated oven at 120(C for seven days. After seven days the samples were removed from the oven, allowed to cool, transferred to 50 mL PTFE beakers, and placed on a (MAKE) Hotplate at 120(C for 24-48 hours or until the cake has dried. Once dry, 15 mL of T4B was added and were again placed on the Hotplate at 120(C for 24-48 hours and allowed to go to dryness. Eight drops of HCl, 1 mL of HNO3 and a few drops of HF were added to redissolve the digestion cake, and were further brought into solution using DDW. The beakers were replaced on the hotplate to bring all the cake into solution, then allowed to cool. The hotplate acid digestion takes place under a well ventilated fumehood.

1 mL of a 10 ppm Re Ru internal solution was added to a clean Class A volumetric flask using a 1000 (L Eppendorf pipette. The beaker contents were added followed with two rinses of 10% HNO3. The solution was brought to the final volume of 100 mL and mixed thoroughly before transferring to a 12 mL snap-cap disposable (BRAND?) test tube.

ICP Analysis IM-100/101

The Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) IM-100 package was designed as a general technique that gives accurate data for minor elements and many of the more abundant trace elements.

The ICPMS IM-101 package was designed as a specialized analysis for the accurate determination of the rare-earth elements (REE: La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu) plus Y, high field strength elements (HFSE: Zr, Nb, Hf, Ta, Th, and U) and large-ion lithophile elements (LILE: Rb, Sr, Cs, and Ba) contained in most geological samples. Since more instrument time was spent per element and a larger number of corrections for potential interferences were applied, the data for these elements may be considered more accurate and precise than those obtained using the IM-100 package.

Quantitative analysis was done on the Perkin-Elmer ELAN 5000 ICP-MS equipped with random-access autosampler, and the calibration solutions consist of three well-characterized certified reference materials and a blank (IM-100) or a calibration solution prepared from calibration solutions of precisely known trace element concentrations and an appropriate blank in matrix-matched solutions (IM-101).

The lower limits (LL) and upper limits (UL) for both IM-100 and IM-101 by ICP-MS are listed as follows:

	
	IM-100/CT4
	
	IM-101/CT4

	
	LL
	UL
	
	LL
	UL

	
	ppm
	ppm
	
	ppm
	ppm

	Al
	500
	120000
	
	
	

	Sb
	0.05
	2
	
	
	

	Ba
	0.6
	1400
	
	0.8
	800

	Be
	0.3
	12
	
	
	

	Bi
	0.05
	0.5
	
	
	

	Cd
	0.03
	0.3
	
	
	

	Ca
	200
	100000
	
	
	

	Ce
	0.06
	250
	
	0.07
	200

	Cs
	0.007
	40
	
	0.007
	600

	Cr
	8
	400
	
	
	

	Co
	0.1
	120
	
	
	

	Cu
	0.7
	140
	
	
	

	Dy
	0.01
	20
	
	0.008
	20

	Er
	0.009
	6
	
	0.008
	20

	Eu
	0.007
	5
	
	0.005
	5

	Gd
	0.01
	20
	
	0.009
	20

	Ga
	0.1
	40
	
	
	

	Hf
	0.05
	30
	
	0.1
	30

	Ho
	0.003
	2
	
	0.003
	10

	Fe
	500
	100000
	
	
	

	La
	0.02
	100
	
	0.02
	100

	Pb
	0.4
	40
	
	
	

	Li
	0.5
	140
	
	
	

	Lu
	0.005
	1.5
	
	0.003
	5

	Mg
	500
	80000
	
	
	

	Mn
	2
	1400
	
	
	

	Mo
	0.07
	5
	
	
	

	Nd
	0.04
	200
	
	0.03
	100

	Ni
	0.8
	300
	
	
	

	Nb
	0.09
	100
	
	0.2
	80

	Pb
	200
	50000
	
	
	

	K
	
	
	
	
	

	Pr
	0.01
	50
	
	0.006
	25

	Rb
	0.07
	250
	
	0.05
	150

	Sm
	0.01
	30
	
	0.01
	30

	Sc
	0.6
	50
	
	
	

	Na
	
	
	
	
	

	Sr
	1
	1400
	
	0.5
	1200

	S
	
	
	
	
	

	Ta
	0.07
	20
	
	0.17
	20

	Tb
	0.004
	1.5
	
	0.003
	5

	Tl
	0.01
	2
	
	
	

	Th
	0.03
	60
	
	0.06
	100

	Tm
	0.005
	2.5
	
	0.003
	5

	Sn
	0.07
	10
	
	
	

	Ti
	17
	20000
	
	
	

	W
	0.04
	30
	
	
	

	U
	0.004
	10
	
	0.007
	20

	V
	1
	300
	
	
	

	Yb
	0.02
	8
	
	0.01
	20

	Y 
	0.03
	120
	
	0.02
	120

	Zn
	3
	150
	
	
	

	Zr
	1
	600
	
	4
	1200


