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Comparison of the effectiveness of various methods for the preparatio of different types of rocks for ICP-MS analysis.
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Mass-spectrometry play the great rule in geochemistry research of rocks and minerals. It make possible to determine law concentrations of wide spectrum of trace elements. Rocks and minerals are characterized by complex matrix, containing macro components. It required series of sequential operations to desolve solid samples, using different reactives. Tree main methods are used for this task: 1. acidic decomposition with microwave, 2. fusion with carbonates, hydroxides or borates of alkali metals, followed by dissolution of the resulting smelt. Any one has advantages and disadvantages and can be used depending on the task. 
While using acidic decomposition (Bychkova et al., 2016), authors were convinced that not all elements can be dissolved completely. Such elements as Zr, Hf, Nb, Ta in granite, andesite and granodiorite,  B in all rocks and other became a real problem. To solve the problem of volatile elements like B, Se, As we tried to use method of sintering with soda. It became successful both for some volatile elements and for Zr, Hf, Nb, Ta in acid rocks. This method usually applies to decompose metal materials (Dolezhal et al., 1968). For it realization it is necessary to use platinum melting pots in high temperature muffle. Authors had modified method for rocks and used alundum pots. Proportions of sample (0.1 g) and soda are 1:3, sintering temperature 800oC, time of sintering 2-2.5 hours. After sintering samples were dissolved in the mix of concentrated acids: 3.5 ml HNO3:HF (10:1) and 0.5 HCl. Then solution was diluted to the volume of 50 ml.
It is necessary to emphasize that sintering method does not throw off silicate matrix. It creates additional matrix pressure in the process of measurement and Si imposes interference on 45Sc, while we use quadrupole mass-spectrometers. 
Important part of any methodical research is verification by certified samples. We used samples or rocks with different contrast composition – dunite (DTS-1b), basalt (BHVO-2), granodiorite (GSP-2), granite (SG-3), sienite (SY-2), kimberlite (GSO-8042-94) and bottom sediment (MODAS-2).  Bottom sediments were tested also for the decomposition quality of the organic component. All samples were prepared for measurement by two methods – acidic decomposition and sintering with soda. Measurement was realized by mass-spectrometer of high resolution Element-2 in the laboratory of experimental geochemistry of MSU geological faculty. Before measurement all samples were diluted 100 times and supplemented by internal standard of In to control instrument fluctuations. 

As a result of decomposition we can see, that not all samples were dissolved completely by acidic decomposition - a precipitate formed in the solutions. DTS-1b (dunite) is characterized by dark crystal residue, and MODAS-2 (bottom sediments) is characterized by dark suspension. It show, that acidic decomposition does not provide dissolution of chromite and organic component, while samples decomposited by sintering method showed visually complete dissolution.
Comparison of some important results of measurement is presented in table.

Table. Composition of some trace elements in reference material.
	
	BHVO-2
	GSP-2
	SY-2
	GSO-8042-94

	
	A.D.
	S.D.
	Pref. Value
	A.D.
	S.D.
	Pref. Value
	A.D.
	S.D.
	Pref. Value
	A.D.
	S.D.
	Pref. Value

	
	mg/g
	mg/g
	mg/g
	mg/g
	mg/g
	mg/g
	mg/g
	mg/g
	mg/g
	mg/g
	mg/g
	mg/g

	Rb
	8.8
	9.1
	9.3
	242
	237
	245
	220
	216
	217
	24
	27
	22

	Sr
	391
	396
	394
	245
	236
	240
	280
	274
	271
	825
	915
	810

	Ba
	129
	134
	131
	1384
	1333
	1340
	441
	445
	460
	789
	794
	

	La
	15
	15
	15
	182
	183
	180
	69
	68
	75
	103
	108
	

	Ce
	36
	37
	38
	427
	428
	410
	168
	163
	175
	189
	194
	

	Pr
	5.1
	5.2
	5.3
	54
	54
	51
	20
	20
	19
	19
	20
	

	Nd
	23
	24
	24
	199
	202
	200
	76
	75
	73
	65
	67
	

	Sm
	5.5
	5.7
	6.0
	24
	24
	27
	15
	15
	16
	9.1
	9.4
	

	Eu
	1.9
	2.0
	2.0
	2.2
	2.2
	2.3
	2.4
	2.4
	2.4
	2.5
	2.5
	

	Gd
	5.5
	5.6
	6.2
	15
	15
	12
	16
	15
	17
	9.5
	6.0
	

	Tb
	0.96
	0.95
	0.94
	2.00
	1.96
	1.09-1.54
	3.1
	3.1
	2.5
	0.95
	0.81
	

	Dy
	5.2
	5.2
	5.3
	5.6
	5.7
	6.1
	20
	20
	18
	3.0
	3.0
	

	Ho
	0.96
	0.99
	0.99
	1
	1
	1
	4.7
	4.7
	3.8
	0.49
	0.51
	

	Er
	2.5
	2.5
	2.5
	3.1
	3.2
	2.2
	15
	15
	12
	1.4
	1.2
	

	Tm
	0.30
	0.31
	0.33
	0.21
	0.24
	0.29
	2.5
	2.5
	2.1
	0.14
	0.14
	

	Yb
	1.9
	1.9
	2.0
	0.9
	1.3
	1.6
	18
	18
	17
	0.67
	0.76
	

	Lu
	0.25
	0.26
	0.28
	0.14
	0.20
	0.23
	2.9
	2.8
	2.7
	0.13
	0.07
	

	Pb
	1.7
	1.8
	1.7
	50
	47
	42
	58
	55
	85
	69
	63
	68

	Th
	1.2
	1.2
	1.2
	104
	106
	105
	353
	354
	379
	10
	14
	

	U
	0.40
	0.44
	0.41
	2.1
	2.4
	2.4
	274
	261
	284
	2.8
	2.8
	

	Sc
	32
	32
	32
	6.0
	6.3
	6.3
	6.9
	7.0
	7.0
	11
	11
	

	V
	302
	296
	318
	49
	48
	52
	47
	45
	50
	66
	69
	70

	Y
	24
	24
	26
	23
	25
	28
	123
	122
	128
	12
	13
	

	Zr
	167
	170
	171
	35
	485
	550
	290
	298
	280
	139
	62
	140

	Nb
	16
	16
	18
	21
	25
	27
	28
	28
	29
	126
	130
	110

	Hf
	4.4
	4.0
	4.5
	0.3
	12
	14
	7.6
	7.9
	7.7
	3.3
	1.6
	

	Ta
	1.1
	1.0
	1.2
	0.6
	0.8
	0.5 - 1
	1.6
	1.6
	2.0
	6.1
	4.7
	


A.D. – acidic decomposition, S.D. – decomposition by sintering method, Pref.Value – preferred value (GeoRem).
Measured values showed relatively good consistency with preferred values for both methods. But some features must be discussed. Basalt (BHVO-2) and syenite (SY-2) showed the best results, and we can recommend both methods for decomposition. 
Decomposition of granodiorite (GSP-2) by acidic method was not successful due to such elements as U, Sc, Y, Zr, Hf, Nb and Ta. They were not dissolute completely. The worst result was obtained for Zr and Hf, which measured concentrations were 10 times less than preferred values. Sintering method shows good result for all of these elements.
Test of kimberlite was complicated by insufficient quantity of preferred values, so we could test only 8 elements. This test shows that the best result can be obtained using acidic decomposition, while sintering method does not provide complete transfer of Zr to solution. 
Results for dunite was unsatisfactory, because of very low concentrations of trace elements. Such of rocks can be prepared for measurement by sintering, because this method allows to dissolve a significant share of chromite, but dilution was too strong. 

Test for granite turned out to be ambiguous. Most complete dissolution of  Rb, Sr, Cs, Pb, V was achieved by acidic method, but for Zr, Hf, Ta sintering method was more successful. 
As a conclusion we can recommend acidic decomposition for basalt, alkaline rocks and kimberlite, while decomposition by sintering method is more effective for andesitic, dioritic and acid rocks. Also it is good to decompose spinel and organic constituent.
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