PAGE  
2

Rocks and melts of Chikurachki volcano, 

Kurile islands

I.Belousov 1, P.Plechov 1, T.Churikova 2, A.Belousov2

1Geological Faculty of Moscow State University, Moscow, Russia
2Institute of Volcanic Geology and Geochemistry, Petropavlovsk-Kamchatsky, Russia


Peculiarity of Chikurachki volcano (the highest point of Paramushir island) is the recurrent Plinian eruptions of basaltic composition (51-54% SiO2).  There is data about eruptions in 1853-1859, 1958, 1961, 1964, 1973, 1986 including Plinian eruptions in 1853 and 1986 [Belousov et al 2003]. Plinian eruptions are characterized by a large amount of material (mostly tephra) erupting during short period of time. Such way is common for viscous magmas and very unusual for mafic magmas. 

We have studied a lava flow formed at the end of 1986 eruption, which contains plagioclase, olivine, clino- and orthopyroxenes. Olivine phenocrysts (Fo 72-75) were selected as a host-mineral and trapped melt inclusions were studied. Contents of naturally quenched and obtained homogenisation experimental inclusions were analysed. These data was used for calculating the melt composition and conditions in magma chamber. Only middle size primary melt inclusions without daughter phases were used.

Analytical technique 

Analyses were made in the microanalysis laboratory of petrology department of Moscow State University using electron microscope CamScan4DV with microprobe LinkSystem10000. Chemical analyses were carried out by reflected electrons under standard voltage 15kV. Major elements (Si, Ti, Al, Fe, Mn, Mg, Ca, Na, K) and also Cr, Ni, P, S and Cl were determined during measurements of mineral phases and melt inclusions. Analyses of mineral phases were performed with a focusing electron beam of 3x3 microns and glasses - in scanning mode with a raster 10x12 microns.

Experiment 

Series of experiments on homogenisation of inclusion contents were conducted in the muffel stove with selit heaters under approximate melt crystallization temperature 1150oC calculated using model [Ford et al, 1983]. All the way through olivine grains were placed in graphite capsule and covered by graphite crumbs for keeping outer redox conditions on the level of buffer C-CO and preserving grains from oxidisation under high temperatures.

Melt inclusion composition before and after experiment 

In natural glass inclusions there were a lot of daughter phases which crystallised under decreasing P-T conditions with relatively slow crystallization rates. After experiment the inclusions became homogeneous with their content approaching to content of captured melt. Makes sense that a lot of Fe sulphide globules were found in the inclusions after experiment. Crystallization of sulphide can be explained by several ways: by loss of Fe in melt inclusions [Danushevsky, 2002] and decreasing of solubility of sulphur, by low pressure in experiments in comparison with natural capture, by local conditions of crystallization on the boundary melt-crystal.  It seems to be usual enough the crystallization of sulphide is possible during sulphur transition from sulphate to sulphide form under oxygen fugacity indicative buffer FMQ+1-FMQ+2 [Matthews, 1999] that is in accordance with experiment conditions. So sulphur concentrations in melt inclusions are higher than the measured ones such as sulphide addition was not calculated. 

Melt composition and conditions of its existence 

Corrections of melt inclusions content were made by modelling of olivine fraction fusing from inclusion walls into the melt [Ford et al, 1983]. Oxygen fugacity was accepted as corresponding to buffer FMQ+1, general content of Fe as 8.5% and Fe+2/Fe+3=7 that is typical for island arcs. 

In studying of melt inclusions the temperature of inclusion capture was determined as 1100-1050oC and composition of magma of Chikurachki volcano was obtained (Table 1). Magma of Chukurachki volcano is high-Al (Al2O3> 18 wt%), high-Ti (TiO2 is about 1.2 wt%), high-Ca (CaO up to 13 wt%) basalt and it has medium content of K and medium alcalinity (Fig. 1).

Table 1. 

Calculated melt composition of Chikurachki volcano.

	Number
	T,C
	#host Ol
	SiO2
	TiO2
	Al2O3
	MnO
	MgO
	CaO
	Na2O
	K2O
	P2O5
	Cr2O3

	CH03GL1
	1097
	76.49
	52.15
	1.17
	18.78
	0.02
	4.3
	9.96
	3.61
	1.05
	0.33
	0.03

	CH09GL1
	1092
	76.15
	52.25
	1.1
	18.78
	0.15
	4.26
	10.02
	3.56
	0.93
	0.35
	0

	CH14GL1
	1081
	76.03
	52.03
	1.38
	18.08
	0.1
	4.23
	10.86
	3.43
	0.88
	0.3
	0.14

	CH14GL3
	1046
	73.63
	50.67
	1.19
	18.17
	0.25
	3.7
	12.6
	3.7
	0.97
	0.14
	0

	CH17GL1
	1066
	76.13
	50.11
	1.13
	18.65
	0.33
	4.17
	12.35
	3.57
	0.91
	0.22
	0.01

	CH18GL1
	1093
	76.02
	52.63
	1.21
	18.67
	0.13
	4.22
	9.76
	3.35
	1.11
	0.32
	0.04

	CH20GL1
	1103
	76.58
	52.93
	1.16
	18.5
	0.17
	4.34
	9.41
	3.61
	0.99
	0.28
	0.03

	CH69GL1
	1097
	75.6
	52.43
	1.25
	18.88
	0.2
	4.14
	9.23
	3.73
	1.05
	0.34
	0.06

	CH98GL2
	1089
	76.27
	51.85
	0.93
	19.13
	0.22
	4.37
	10.24
	3.17
	1.02
	0.45
	0


High content of Ca is especially unusual for Kuril-Kamchatka arc. It can be explained by:

a) fusing of some fragment of oceanic core with different composition,

b) changing of primary composition of melt in the result of assimilation of parental rocks. 

The last one explains the connection of high content of Ca and explosivity of eruptions better, but the both contradict with data of studying of microelements in tephra (Gurenko et al. 2003).

Contents of major rock-forming elements in the rocks and obtained melt have negligible difference. For example, melt contains more K, Na, Ti and Mg and rocks have more Al. Possible explanation of this fact and fact of higher content of Ca is fusing of clinopyroxen or plagioclase trapped from melt.

Obviously there is also influence of high content of fluid component: S (up to 2700 ppm), Cl (up to 2500 ppm) and H2O (up to 3.8 wt%) (Gurenko et al. 2003), that strongly decreased the crystallization temperature and established strongly oxidized conditions under active degassing.
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Fig 1. K20-SiO2 classification diagram
Conclusions:
· Studying of melt inclusions allows to evaluate the temperature of trapping of inclusions as 1100-1050oC and to obtain melt compositions of Chikurachki volcano.

· Typical feature for melt of Chikurachki volcano is high content of fluid components and unusual high content of Ca.

· High content of fluid components had influence on eruption character decreasing the melt crystallization temperature and creating strong oxidized conditions during degassing. 

· Volatile is of great importance. Probably melt mixed with gas phase immediately before eruption or melt saturated by volatile just before eruption and eruption started in the moment of active degassing. High concentration of Ca can be of different nature.
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		Proben-Nr.		Location		age		Laboratory		SiO2		TiO2		Al2O3		Fe2O3		MnO		MgO		CaO		Na2O		K2O		P2O5		SUM		Nb		Zr		Y		Sr		Rb		Pb		Ga		Zn		Cu		Ni		Co		Cr		V		Ba		Sc		Sr/Y		Ce		La		Pr		Th		H2O		CO2		FeO*		FeO*/MgO

		Chikurachiki volcano, Soth of Paramushir island, Kurile arc

		CHIK-01-01		NE slope, fragment of lava flow		?1853		Goettingen		54.6		0.81		19.5		8.7		0.192		3.04		9.39		3.11		0.91		0.203		100.45		3		69		27		499		12		8		16		73		86		2		19		9		224		239		24		18														7.8		2.58

		CHIK-01-05		SE slope, lava flow, frontal part		1853		Goettingen		54.3		0.799		19.6		8.64		0.191		3.04		9.42		3.09		0.89		0.195		100.11		2		63		23		503		15		2		16		73		80		3		21		10		220		233		26		22														7.8		2.56

		tefhra 1853		tefhra 1853		1853		Geomar		54.28		0.8		19.55		8.71		0.19		2.79		9.35		2.8		0.89		0.21		99.7		2		73		27		503		16		12		18		76				2		29		18		225		230				19		10		14		4		4		0.16		0.02		7.8		2.81

		CHIK-01-03		NE slope, pyroclastic flow		1986		Goettingen		52.8		0.843		19.8		9.53		0.199		3.54		10.25		2.87		0.69		0.186		100.66		3		57		23		498		13		6		18		79		87		2		16		8		280		190		34		22														8.6		2.42

		CHIK 01-06		SE slope, lava flow, frontal part		1986		Goettingen		52.6		0.832		19.7		9.43		0.198		3.53		10.26		2.87		0.69		0.183		100.29		4		56		23		494		10		8		16		77		81		3		12		11		278		180		36		21														8.5		2.40

		CHIK-01-07		SE slope, lava flow, last portions		1986		Goettingen		52.1		0.844		19.5		9.81		0.2		3.76		10.47		2.75		0.66		0.18		100.32		3		52		24		494		11		3		20		80		75		4		24		10		296		170		28		21														8.8		2.35

		CHIK-01-08		SW slope of the cone, lava bomb		1986		Goettingen		52.7		0.833		19.8		9.39		0.197		3.46		10.33		2.84		0.69		0.184		100.45		3		55		22		500		12		9		17		75		90		2		18		10		278		182		33		23														8.4		2.44

		CHIK-01-09		SE slope, lava flow, frontal part		1986		Goettingen		52.7		0.838		19.6		9.49		0.199		3.52		10.19		2.87		0.71		0.185		100.3		3		57		22		495		11		6		20		82		94		3		20		10		284		196		30		23														8.5		2.43

		tefhra 1986		tefhra 1986		1986		Geomar		52.56		0.82		19.55		9.56		0.19		3.31		10.17		2.57		0.69		0.19		99.73		2		62		26		496		14		8		18		83				2		32		18		283		180				19		10		14		4		4		0		0		8.6		2.60

		CHIK-01-04		NE slope, basiment		Pleistocene		Goettingen		51.9		0.858		18.5		10.63		0.202		4.78		9.82		2.66		0.65		0.183		100.22		3		57		22		492		10		1		16		61		60		6		24		11		289		172		30		22														9.6		2.00

		Old tephra I		Old tephra I		Old tephra I		Geomar		50.39		0.8		21.09		9.66		0.17		3.64		10.68		2.21		0.6		0.16		99.54		2		59		22		516		14		9		14		68				9		35		21		285		181				23		52		14		4		4		0.41		0.06		8.7		2.39

		Old tephra II		Old tephra II		Old tephra II		Geomar		51.52		0.76		21.36		8.81		0.17		3.14		10.71		2.34		0.65		0.16		99.74		3		57		20		535		16		13		15		61				4		32		18		235		195				27		10		14		4		6		0.25		0.03		7.9		2.52
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		54.3		52.6		51.52

				52.1

				52.7

				52.7



1853

1986

old tephra

tephra 1986

tephra 1853

SiO2, wt.%

Ba, ppm

239

190

181

180

230

172

233

180

195

170

182

196



		54.6		52.8		50.39		52.56		54.28		51.9

		54.3		52.6		51.52

				52.1

				52.7

				52.7



1853

1986

old tephra

tephra 1986

tephra 1853

SiO2, wt.%

Sc, ppm

24

34

30

26

36

28

33

30



				CHIK-01-01		CHIK-01-05		tefhra 1853		CHIK-01-03		CHIK 01-06		CHIK-01-07		CHIK-01-08		CHIK-01-09		tefhra 1986		CHIK-01-04		Old tephra I		Old tephra II

				?1853		1853		1853		1986		1986		1986		1986		1986		1986		Pleistocene		Old tephra I		Old tephra II

		Fe2O3		8.7		8.64		8.71		9.53		9.43		9.81		9.39		9.49		9.56		10.63		9.66		8.81

		Na2O		3.11		3.09		2.8		2.87		2.87		2.75		2.84		2.87		2.57		2.66		2.21		2.34

		K2O		0.91		0.89		0.89		0.69		0.69		0.66		0.69		0.71		0.69		0.65		0.6		0.65

		FeO*		7.8		7.8		7.8		8.6		8.5		8.8		8.4		8.5		8.6		9.6		8.7		7.9

		MgO		3.04		3.04		2.79		3.54		3.53		3.76		3.46		3.52		3.31		4.78		3.64		3.14

		Na2O+K2O		4.0		4.0		3.7		3.6		3.6		3.4		3.5		3.6		3.3		3.3		2.8		3.0

				5.3		5.3		5.5		5.5		5.4		5.5		5.5		5.5		5.7		5.4		5.7		5.6

				2.0		2.1		1.9		2.3		2.3		2.4		2.2		2.3		2.2		2.7		2.4		2.2

				2.7		2.7		2.6		2.3		2.3		2.1		2.3		2.3		2.1		1.9		1.9		2.1

				4.7		4.7		4.7		5.0		5.0		5.1		5.0		5.0		5.0		5.4		5.3		5.1

				4.6		4.6		4.7		4.7		4.7		4.8		4.7		4.7		4.9		4.7		5.0		4.9





		5		1.6		2.31		0		0		0		0

		10		3.025		3.12		0		0				0

		0		4.05		4.41		0		0

		5		5		4.73				0

				5.45		5.13				0

				5.975		5.42				0

				6.525		5.555

						6.17

						6.75



Chikurachiki 1853

Chikurachiki 1986

basiment

old tephra

8.6602540378

2.0784609691

3.1350119617

0

0

0

0

0

3.4208003449

3.671947712

0

0

0

0

4.3301270189

4.5552936239

0

0

8.6602540378

4.9363448016

4.7284987047

0

5.0229473419

4.7284987047

0

4.806440991

4.572614132

0

4.3734282891

4.4253898133

3.7585502524

3.0310889132




