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KREEP-component as a result of the differentiation of basalt magma 
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KREEP-basalt is one of important characteristic features of lunar geology. A lot of samples, brought from the Moon by expedition of Apollon 11, 12, 15, 17 are characterize by the specific composition. These rocks are distinguished by a high content of such elements as K, rare earth elements and P. Genesis of these rocks is open to question, because they are not typical for Earth as a result of magma crystallization. Parent magma of these rocks must be very specific – enriched by incoherent elements. 
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 The most informative objects to research processes of basalt magma fractionation on the Earth are layered intrusions. They have different composition and are characterized by different degree of crust contamination, but there differentiation is certainly a result of consistent crystallization during the cooling of magma chamber. Noritic layered intrusions can be considered as terrestrial analogues of the magmatic ocean of the Moon. Author for a long time research features of structure and composition of  Kivakka layered intrusion  (Northern Karelia). Average composition and sequence of its crystallization is the same as in Bushveld massif. Kivakka layered intrusion contain 4 types of rocks, which result the process of crystallization differentiation of basaltic magma. They form consistent layering from dunite to gabbronorite with thin layering, confined to change of cumulative paragenesis. In extreme differentiates of the top pegmatoid gabbronorites in the Upper zone a lot of lens appeared. They are characterized by high concentrations of REE, K, P (Table 1, Fig 1). Eu / Eu*  is negative whereas in all norite and gabbro-norite it is positive dui to plagioclase (Fig 1). Such parameters are typical for most of Upper zone granophyres in layered intrusions. It is not enougth information about all of them, but some of data are in the Table 1. Two samples of gabbro-norite, containing KREEP lenses, are placed in the upper positions of this table, and two samples of KREEP lunar norite are placed in the lower positions for comparison. It is important, that not all of these rocks are situated in the highest parts of massifs. For example in Dovyren intrusion the first appearance of granophyres is noted 400 m below the roof, in Tsipringa intrusion – 700 m below the roof. 
Table 1. Composition of granophyre, KREEP lenses from Kivakka intrusion and containing rocks of different layered intrusions

	Intrusion and type of rocks
	SiO2
	Al2O3
	TiO2
	MgO
	FeO
	MnO
	CaO
	Na2O
	K2O
	P2O5
	sum

	
	w %
	w %
	w %
	w %
	w %
	w %
	w %
	w %
	w %
	w %
	w %

	Kivakka gabbro-norite
	50.53
	13.40
	0.42
	11.89
	10.02
	0.18
	9.63
	2.00
	0.29
	0.05
	98.41

	Kivakka gabbro-norite
	48.55
	14.74
	0.56
	8.38
	10.42
	0.18
	12.89
	2.91
	0.34
	0.05
	99.02

	Kivakka KREEP lense
	51.86
	14.86
	1.30
	4.39
	14.94
	0.17
	8.52
	3.18
	0.75
	0.15
	100.12

	Kivakka KREEP lense
	63.27
	13.37
	1.56
	2.03
	7.87
	0.13
	6.72
	3.65
	0.80
	0.54
	99.94

	Dovyren granophyre
	58.64
	16.11
	1.14
	3.04
	13.51
	0.17
	4.09
	1.89
	2.50
	0.10
	101.19

	Tsipringa granophyre **
	54.21
	14.38
	2.05
	3.93
	12.17
	0.23
	8.71
	2.79
	0.65
	0.88
	100.00

	Tsipringa granophyre
	49.42
	14.45
	1.82
	6.21
	15.36
	0.23
	7.83
	3.45
	0.79
	0.24
	99.81

	Scaergaard granophyre ***
	57.30
	11.13
	1.42
	0.81
	17.47
	0.28
	4.83
	3.51
	1.83
	0.35
	98.93

	Scaergaard granophyre ***
	58.81
	12.02
	1.26
	0.72
	15.56
	0.21
	5.03
	3.87
	2.25
	0.71
	100.44

	Scaergaard granophyre ***
	60.23
	11.19
	1.18
	0.51
	15.24
	0.24
	5.11
	3.92
	1.94
	0.27
	99.83

	Duluth diorite****
	49.30
	12.20
	3.43
	4.90
	13.80
	0.21
	9.10
	2.75
	0.80
	0.63
	97.12

	Low-KREEP lunar Norite* 
	45.70
	15.84
	1.38
	17.89
	9.27
	0.12
	9.13
	0.55
	0.22
	0.22
	100.32

	High-KREEP lunar Norite* 
	47.90
	15.60
	1.80
	10.93
	10.74
	0.15
	9.90
	0.78
	0.52
	0.60
	98.92


Wood et al. 1977, ** Semenov et al. 1995, *** Wager & Brown, 1968, **** Layered intrusions, 1996

The XRF analysis was carried out at the Laboratory for the Analysis of Mineral Substances of the IGEM RAS by A.Yakushev
 Diameter of KREEP lenses in Kivakka intrusion is 10-50 sm and they have no sharp boundaries with the host coarse-grained gabbronorite. These lenses are formed by quartz-orthoclase symplectite (Fig. 2a), apatite, Ti-magnetite, zircon, baddeleite (Fig. 2b), amphibole, phlogopite and even REE-minerals. Apatite, amphibole and phlogopite are characterized by high concentration of Cl. The same minerals are present in granophyre of Upper zones in layered intrusions and in lunar KREEP basalt. 
Composition of apatite in Kivakka KREEP lenses is like lunar apatite (Lin et.al, 2012) and like apatite from Bushveld Upper zone (VanTongeren, 2012). As for REE concentration (Fig. 3) it is close to lunar and one of apatite generation from Bushveld (the second Bushveld apatite generation is characterized by the lack of Eu-anomaly). Apatite is characterized by high concentration of Cl – [image: image3.wmf]100000
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0.64-1.74% (Table 2). This phenomenon makes us think, that genesis of KREEP can be result of liquation. Such hypothesis was proposed to explain the apparent of two generation of apatite in the Upper zone of Bushveld. 
We conducted a series of experiments on melting of different rocks of Kivakka massif with water and NaCl at different conditions and proportion in IEM RAS under the direction of O.G Safonov. The first experiment of melting (T=1000oC, P=2 kBar) different rocks of massif (90%) with NaCl (10%) in 6 samples, partial melting occurred, 1 melting was not achieved. The result of the second experiment of melting (T=1200 oC, P=2.5 kBar) of mix gabbro-norite (90%) and NaCl (10%) with water (5, 10, 15 and 20%) was the formation of glass regardless of the mix-water ratio without any features of liquation. 

Table 2. Composition of Kivakka and lunar KREEP apatite.

	
	Kivakka KREEP apatite
	Lunar apatite*

	
	KVP
55-4
	KVP
76-05
	KVP
76-07
	KVP
76-16
	KVP
76-18
	KVP
74-05
	KVP
74-06
	VHK KREEP
	Matrix

	FeO
	
	0.19
	0.14
	0.03
	0.05
	0.4
	0.39
	0.7
	0.84
	0.61
	0.59

	P2O5
	42.08
	41.06
	41.09
	40.98
	41.34
	40.62
	38.84
	41.2
	41.9
	41.9
	40.6

	CaO
	54.18
	54.39
	54.1
	54.27
	54.37
	53.75
	51.83
	54.8
	54.7
	53.9
	53

	SiO2
	0.31
	0.34
	0.33
	0.41
	0.36
	0.4
	2
	0.49
	0.51
	0.49
	1.57

	Ce2O3
	
	0.1
	0.22
	0.01
	0.13
	0.27
	1.41
	0.06
	0.09
	0.08
	0.07

	Cl
	0.92
	0.71
	1.74
	0.64
	0.66
	0.84
	0.93
	0.94
	1.03
	1.12
	1.17

	F
	2.87
	2.48
	1.77
	2.48
	3.07
	2.42
	2.28
	2.75
	2.9
	3.09
	2.88

	Total
	100.36
	99.54
	99.75
	99.2
	100.28
	99.19
	99.13
	99.79
	100.85
	99.75
	99.18


*(Lin et.al, 2012)
In conclusion we can say that KREEP-component is not specific lunar feature. Such types of rocks appears in the most of the earth differentiated massifs and, apparently are the result of deep fractionation of basalt parent magma. Residual melt accumulated incoherent elements and was located in layeres (Bushveld, Duluth, Tsipringa, Dovyren) or in lenses (Kivakka, Scaergaard). While we do not know for sure geological structure of lunar objects, we can not pinpoint the location of KREEP rocks, but the similarity in many respects with the same terrestrial rocks makes as think, that their genesis is the same as on the Earth.
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