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Abstracts: The study areas, Lower Benue Trough is divided into Asu River Group (ARG) and Cross River Group (CRG) and it is delimited by longitudes 7°00'E and 8°30'E and latitudes 5°00'N and 6°30'N. ARG covers Awi, Abakaliki and Mfamosing Formations while Ekenkpon, Eze-Aku, New Netim, Awgu and Agbani Formations fall within CRG. Sampling was done to cover both the Abakaliki Anticlinorium and Calabar Flank. The study aimed at using geochemical approach through rare earth elements (REE) to deduce provenance and depositional environment in a holistic manner which hitherto has not been used by any worker. A total of 56 fresh outcrop samples were obtained from the study area. The samples were subjected to detailed lithologic description by visual examination. Geochemical analysis was done using Inductively Coupled Plasma Mass Spectroscopy (ICP-MS) to determine trace and rare-earth elements using lithium metaborate/tetraborate fusion method. The chondrite normalized REE plots shows enrichment in the LREE over the HREE with negative Eu anomaly for both ARG and CRG. While the (Eu/Eu*) average for ARG and CRG are 0.74 and 0.73 respectively indicating Quartzose sedimentary, Intermediate igneous and Felsic igneous provenances for the sediments. The Cerium anomaly (Ce/Ce*) values average 1.20 and1.68 in ARG and CRG respectively indicating oxidizing and shallow marine environment. The REE pattern is consistent with that of the Upper Continental Crust (UCC).
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Introduction
The Benue Trough is a unique rift feature on the African continent in that it occupies an intra-continental position and has a thick compressionally folded Cretaceous supracrustal fill  which is generally divided into Lower, Middle and Upper Benue Troughs sub-basins (Cratcheley and Jones 1965; Wright 1968; Grant 1971; Burke et al., 1971; Burke and Whiteman 1973; Nwachukwu 1972; Olade 1975). The Lower Benue Trough (LBT) has a lateral extent of about 250km in the south and includes the Anambra Basin, the Abakaliki anticlinorium and the Afikpo syncline. It is a linear, intracratonic, graben basin, tending NE-SW. Its origin is associated with the separation of the African and South American continents in the Early Cretaceous. The trough is characterized by an uplifted basement block, flanked by deep basin containing about 6km thick of sediments. The intra-continental Benue Trough was initiated during the lower Cretaceous in relation with the opening of Atlantic Ocean.
The sedimentary succession in the Lower Benue Trough is predominantly pre-Santonian in age and has been established as the Asu River Group (ARG) and Cross River Group (CRG) which sometimes are further subdivided into Eze-Aku Group and the Awgu Group in the Abakaliki area and Awi Formation, Mfamosing Limestone, Ekenkpon Shale and New Netim Marl in the Calabar Flank (Fig. 1). A total number of fifty-Six (56) outcrop samples collected from eight (8) Formations: Awi, Abakaliki, Mfamosing Formations which constitute ARG while Ekenkpon, Eze-Aku, New Netim Marl, Awgu and Agbani Formations constitute CRG (Figs 2, 3 and 4). The collected samples were subjected to geochemical analysis so as to have a clearer picture or information about the provenance, tectonic setting and weathering history of the source area. The geochemical composition of terrigenous sedimentary rocks is a function of the complex interplay of various variables, such as provenance, weathering, transportation and diagenesis (Bhatia, 1983). Recent investigations on geochemical characteristics of ancient and modern detritus have been carried out in order to infer the source rocks, provenance and tectonic setting (Potter, 1978; Bhatia, 1983; Hiscott, 1984; Bhatia and Crook, 1986; Roser and Korsch, 1986&1988). The rare earth elements (REE, from lanthanum to lutetium) are a coherent geochemical group characterized by a single oxidation state except for cerium and europium. During the last few decades, REE have become important geochemical tracers in order to understand and describe the chemical evolution of the earth’s continental crust (Goldstein and Jacobsen, 1988; McLennan, 1989; Gaillardet, 1995; Dupre et al., 1996). Moreover, REE have been used as analogues for actinide elements, in studies related to radioactive waste disposal in order to demonstrate their general immobility in weathering environments (Wood, et al., 1979a.). Hence, this study is aimed at using the rare earth elements signatures to infer the weathering, provenance, tectonic setting as well as depositional environment in each group and holistically across the LBT in manner which hitherto has not been used by any worker (Fig. 5).
Stratigraphy and Geological Setting
The intracontinental Benue Trough was initiated during the lower Cretaceous in relation with the Atlantic Ocean opening. The first stage of its evolution started in the Aptian, forming isolated basins with continental sedimentation. In the Albian times, a great delta developed in the Upper Benue Trough, while the first marine transgression coming from the opening Gulf of Guinea occurred in the south and reached the Middle Benue. The widespread Turonian transgression made the Atlantic and Tethys waters communicate through the Sahara, Niger basins and the Benue Trough. The tectonic evolution of the Benue Trough was closely controlled by transcurrent faulting through an axial fault system, developing local compressional and tensional regimes and resulting in basins and basement horsts along releasing and restraining bends of the faults. Two major compressional phases occurred in the Abakaliki area (southern Benue) during the Santonian and at the end of the Cretaceous in the Upper Benue Trough. In Abakaliki, the sedimentary infilling was severely deformed through folding and flattening, and moderate folding and fracturing occurred in the northeast. The Cretaceous magmatism was restricted to main fault zones in most of the trough but was particularly active in the Abakaliki Trough, where it has alkaline affinities. From Albian to Santonian, the magmatism was accompanied in part of the Abakaliki Trough by a low-grade metamorphism.
Asu river group
The Abakaliki-Benue Phase (Aptian-Santonian), have more than 3000m of rocks sequence comprising the Abakaliki, Eze-Aku and Awgu Formations, deposited during the first phase in the Abakaliki-Benue Basin, the Benue Valley and the Calabar Flank. Structural inversion affected the Abakaliki region and displaced the depositional axis further to the south of the Anambra Basin (Obi et al., 2001). In the Lower Benue, regression ended during the Santonian and the Abakaliki area emerged completely, however the effects of the Santonian phase are restricted to the Abakaliki anticlinorium, the Anambra syncline does not display traces of this tectonic episode (Benkhelil, 1986). ARG represents the first and the oldest cycles of the shallow marine to brackish water sediment, which were deposited in Albian and end around the Cenomanian. These sediments were deposited on the Basement Complex and consist of roughly 2000-3000m of poorly bedded shales (Abakaliki Shales), siltstone and limestone, and mudstone. The presence of Cenomanian sediments and Santonian intrusions of dykes and sill extrusions that possess important mineralization zones along the gently folded axis of the Abakaliki anticline had been reported (Fig. 3).
Cross river group
The Cross River Group as exposed within Calabar Flank is part of the continental margin of Nigeria dominated by block faults with NW-SE trending horst and graben structures, such as the Ituk high and the Ikang trough. The Calabar Flank forms that part of the southeastern continental margin lying between the Cameroon volcanic trend on the east, Ikpe platform on the west, Oban massif to the north and Calabar hinge line to the south. The Calabar Flank contains up to 4000 m of Albian to Maastrichtian marine sediments in outcrop sections. Overlying the Asu River Group is the Cross River Group comprising of Ekenkpon Formation, Eze-Aku Formation, New Netim Formation, Awgu Formation and Agbani Formation. The Eze-Aku Shale is represented by the Ekenkpon Shale which overlies the Odukpani Formation in the Calabar Flank and is underlying the Awgu Shale which is also represented by New Netim Marl and both represent the Nkalagu Formation (Fig. 4).
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Fig 1: Geological map showing different basin in Nigeria, note the Benue trough (BT), Abakaliki (ARG) and Calabar Flank (CRG)


Materials and Methods
A total of Fifty (56) fresh outcrop samples were obtained from the study area; Sampling was done to cover both Asu River (ARG) and Cross River Groups (CRG) within Benue Trough. ARG covers Awi, Abakaliki and Mfamosing Formations while Ekenkpon, Eze-Aku, New Netim, Awgu and Agbani Formations fall within CRG. The study area fall within the coordinate (longitude 7°00′E and 8°35′E and latitude 5°00′N and 6°45′N) Lower Benue Trough, Southeastern Nigeria, samples were collected from Amaseri quarry, Enyingba quarry, Nigercem quarry, Setraco quarry, Ishiagu bridge, Ugwueme, and Ugwuokwute in ARG (Fig 3) while in CRG (Fig 4), samples were collected from Unicem quarry, Unicem junction, Km7 Awi, Km7 farmland, Km 7 Ekenkpon, Odukpani junction and New netim. Fifty (56) samples were subjected to detailed lithologic description by visual examination and were analysed for rare-earth elements at Acme Laboratories Limited (code: 4A4B), Vancouver, Canada. The elements were analysed by lithium metaborate/tetraborate fusion method. The sediment was at 60°C and sieved to -80 mesh (-180 µm). A 250g aliquot was riffle split and pulverized to 85% passing 200 meshes (75 µm) in a mild-steel and puck mill before its introduction into ICP-MS machine.
Results and Discussion
Sedimentological study
The detail sedimentological description of the pre-Santonian Lower Benue Trough is given in another paper (Adeigbe and Oruene, 2012) but in summary, the study revealed the sandstones of Awi Formation to be angular to subangular, feldspathic, and generally fines upward and Amaseri are calcareous, indurated and laterally extensive. Agbani Sandstone consists of thick vertical sequences of ferruginized and indurated sandstones. The lithologies observed include sandstone, shale, marl, limestone as well as lignite. Megascopically, the sandstones are fine to medium grained, well sorted and sub-angular to sub-rounded, while the shales are organic ranging from light grey to black. Majority of the shale samples were very fissile while, others were highly indurated with laminations and specs of mica. The lignite is black in colour and could represent sub-bituminous to bituminous coal. It is also worthy of note that some of the sandstone samples appear reddish brown in colour as a result of ferruginisation. Observed limestone samples were fossilliferous with some of the fossil fragments visible to the naked eye.
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Fig 2: Geological Map of Southeastern Nigeria Covering the Study Area (ARG, i.e Red Thin line) and (CRG, i.e Blue Thick line)
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Fig 4: Geological map of the CRG showing sample location
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Rare Earth Elements Geochemistry
Rare-earth elements (REE) are regarded as among the least soluble trace elements and are relatively immobile during low-grade metamorphism, weathering and hydrothermal alteration. They are effective indicators of sediment source when compared to Upper Continental Crust (UCC), Oceanic Crust (OC) and mantle materials. Rare earth element (La-Lu with atomic numbers 57 to 71) concentrations in rocks are usually normalized to a common reference standard, which most commonly comprises the values for chondritic meteorites (Figs 1 and 2). Chondritic meteorites were chosen because they are thought to be relatively un-fractionated samples of the solar system dating from the original nucleosynthetic event. Chondrite normalization (Figs 1 and 2) eliminates the abundance variation between even and odd atomic elements and also allows any fractionation of the REE group relative to chondrite meteorites to be identified. The normalized REE (concentrations in ppm) were then plotted against the Atomic numbers of the REE which gave a REE pattern indicating the Europium anomaly. The REE chondrite – normalizing factors used for this study are from Wakita et al., (1971). Europium anomalies may be quantified by comparing the measured concentration with an expected concentration obtained by interpolating between the normalized values of Sm and Gd. Thus, the ratio of Eu is a measure of the Europium anomaly and a value greater than 1.0 indicates a positive Europium anomaly while the value less than 1.0 is a negative anomaly ( Tables 3 and 4). Cerium anomaly (Ce/Ce*) may be used as a means of determining the environmental conditions at the time of deposition since higher values (>1.0) tentatively depict an oxidizing environment (Piper D.Z, 1974; Milodowski and Zalasiewicz, 1991; McDaniel et al., 1994) and for this study, the mean value of Ce/Ce* is greater than (1.0) for both group (Tables 3 and 4). This goes to show that the sediments were deposited in an oxidizing and shallow marine environment. Eu/Eu* anomaly which is the ratio of actual normalized Eu to interpolated normalized Eu for non-depletion or enrichment of the chondrite-normalised plots and is calculated by the following equation:
Eu/Eu*= √EuN / (SmN x GdN).
Ce/Ce* = 5CeN/ [4laN+SmN]
Note: N and * indicate chondrite normalized elements.
It can be further suggested that the distribution of rare earth element in the sediments of Awi, Abakaliki and Mfamosing Formations sampled are controlled by the mineralogy of the parent rock which was formed as a result of the removal of feldspar from a felsic melt either by crystal fractionation or the partial melting of a rock( Adeigbe and Oruene). The removal of feldspar from the felsic melt that formed the sediments of the study area is further buttressed by ternary plot of Folk (1968) which shows that the sediments of the Awi Formation sampled from the study area falls within the subarkose region (Adeigbe and Oruene, 2012).
While, the observation of the rare earth element plots and the spider diagrams for sediments of the Awi, Abakaliki and Mfamosing Formation with respect to the pattern of the plots (Figs 6, 7 and 8) shows that the sediments are sourced from the parent rock of the Upper Continental Crust (UCC). This is also backed up by the ternary plot of Dickinson and Suczek (1979) made from the petrographic study which shows that the sandstone deposits of Awi Formation are products of a continental block provenance (Adeigbe and Oruene, 2012).
Also, the CRG comprising Eze Aku, Ekenkpon, New Netim, Awgu and Agbani Formations revealed REE pattern that shows enrichment evidences in support of LREE relative to the HREE in the Eze-Aku. This is also similar in all other formations within CRG. The REE pattern also indicates the enrichment of LREE compared to HREE (Figs 9, 10, 11, 12 and13) while Cerium anomalies range of 1.0-3.2 ( Tables 4) suggest an oxidizing environment which supports the removal of feldspar from the melts through fractional crystallization. These suggest the removal of feldspar from the melt. These evidences indicate that the enrichment in LREE relative to HREE is controlled by the hornblende in the parent source rock as proposed by (Hugh Rollinson, 1993.) especially in siliciclastic rocks within the CRG. Hence, it may be implied that the distribution of Rare earth elements in some of the formations in Awgu Shale are controlled by the mineralogy of the parent rock including pyroxene, sphene and hornblende. (After Mclennan 1989a) These suggest that the sediments of CRG were deposited in a shallower marine environment during transgressive/regressive phases in Turonian times. (Reyment, 1965; Murat, 1972 and Nwachukwu, 1975).


Table 1: Results of Chondritr normalized Rare-Earth Elements for sediments of Cross river and Asu River Groups, Lower Benue Trough, Southeastern Nigeria
	

	SAMPLE
	LITHOLOGY
	FORMATION
	La
	Ce
	Pr
	Nd
	Sm
	Eu
	Gd
	Tb
	Dy
	Ho
	Er
	Tm
	Yb
	Lu

	
	
	
	PPM
	PPM
	PPM
	PPM
	PPM
	PPM
	PPM
	PPM
	PPM
	PPM
	PPM
	PPM
	PPM
	PPM

	
	
	MDL
	0.1
	0.1
	0.02
	0.3
	0.05
	0.02
	0.05
	0.01
	0.05
	0.02
	0.03
	0.01
	0.05
	0.01

	RK 056
	SANDSTONE
	AGBANI
	9.3
	24.5
	1.6
	6.2
	1
	0.21
	0.65
	0.11
	0.64
	0.12
	0.37
	0.06
	0.38
	0.05

	RK 055
	SANDSTONE
	AGBANI
	3.7
	7.3
	1
	4.9
	1.32
	0.32
	1.33
	0.27
	1.56
	0.31
	1.06
	0.17
	1.18
	0.16

	RK 054
	SANDSTONE
	AGBANI
	5.2
	9.1
	0.98
	3.2
	0.53
	0.14
	0.42
	0.06
	0.27
	0.08
	0.19
	0.03
	0.24
	0.03

	RK 053
	SANDSTONE
	AGBANI
	5.1
	9.6
	1.1
	4.2
	0.61
	0.12
	0.52
	0.09
	0.37
	0.08
	0.24
	0.04
	0.28
	0.05

	RK 052
	SANDSTONE
	AGBANI
	5.9
	11.7
	1.25
	4.3
	0.78
	0.12
	0.57
	0.08
	0.4
	0.08
	0.21
	0.03
	0.21
	0.04

	RK 051
	SANDSTONE
	AGBANI
	6.2
	12
	1.36
	5.5
	0.85
	0.19
	0.7
	0.1
	0.51
	0.1
	0.26
	0.05
	0.27
	0.04

	RK 050
	SANDSTONE
	AGBANI
	6.1
	11.1
	1.25
	4.7
	0.77
	0.14
	0.55
	0.08
	0.36
	0.08
	0.19
	0.03
	0.22
	0.03

	RK 049
	SANDSTONE
	AGBANI
	3.8
	6.3
	0.57
	2.1
	0.28
	0.05
	0.21
	0.03
	0.21
	0.04
	0.1
	0.02
	0.13
	0.02

	RK 048
	SANDSTONE
	AGBANI
	4.8
	8.9
	1.04
	3.5
	0.63
	0.11
	0.45
	0.06
	0.25
	0.05
	0.15
	0.03
	0.21
	0.03

	RK 047
	SHALE
	AWGU
	105
	240.4
	30.85
	123.5
	20.79
	4.34
	13.62
	1.96
	9.36
	1.47
	3.81
	0.58
	3.57
	0.51

	RK 046
	SHALE
	AWGU
	59.3
	124.2
	14.47
	56.9
	9.15
	1.93
	6.89
	1.07
	5.47
	1.05
	2.96
	0.47
	2.99
	0.43

	RK 045
	MARL
	NEW NETIM
	30.9
	5.35
	1.22
	4.38
	0.66
	3.36
	0.63
	1.75
	0.26
	1.65
	0.25
	2.61
	0.57
	0.2

	RK 044
	MARL
	NEW NETIM
	26.7
	4.85
	1.09
	3.92
	0.57
	3.05
	0.55
	1.51
	0.24
	1.48
	0.24
	2.73
	0.55
	0.1

	RK 043
	MARL
	NEW NETIM
	21.5
	3.62
	0.88
	2.86
	0.46
	2.48
	0.43
	1.32
	0.2
	1.15
	0.19
	6.15
	0.27
	0.1

	RK 042
	MARL
	NEW NETIM
	16.6
	2.9
	0.63
	2.39
	0.36
	1.83
	0.33
	1
	0.14
	0.93
	0.13
	7.69
	0.2
	0.3

	RK 041
	SANDSTONE
	EZE AKU
	8.8
	16.3
	1.9
	7.7
	1.25
	0.43
	1.06
	0.17
	0.91
	0.2
	0.59
	0.09
	0.57
	0.08

	RK 040
	SANDSTONE
	EZE AKU
	11.9
	23.2
	2.67
	10.4
	1.85
	0.47
	1.64
	0.28
	1.6
	0.36
	1.02
	0.16
	0.98
	0.15

	RK 039
	LIMESTONE
	EZE AKU
	5.8
	11.1
	1.27
	4.9
	0.83
	0.17
	0.68
	0.11
	0.51
	0.11
	0.31
	0.05
	0.29
	0.04

	RK 038
	SHALE
	EZE AKU
	49.7
	103.1
	11.51
	44.5
	7.47
	1.52
	6.26
	0.98
	5.47
	1.06
	2.99
	0.48
	2.9
	0.42

	RK 037
	LIMESTONE
	EZE AKU
	18.2
	34
	3.73
	14.8
	2.38
	0.46
	1.7
	0.27
	1.56
	0.28
	0.75
	0.14
	0.83
	0.11

	RK 036
	LIMESTONE
	EZE AKU
	9.9
	17.6
	2.11
	8.2
	1.47
	0.37
	1.41
	0.22
	1.31
	0.27
	0.79
	0.11
	0.71
	0.1

	RK 035
	SHALE
	EZE AKU
	21
	40.8
	4.67
	17.8
	3.03
	0.66
	2.46
	0.37
	1.91
	0.37
	1.03
	0.15
	0.9
	0.13

	RK 034
	SHALE
	EZE AKU
	15
	28.4
	3.32
	12.6
	2.16
	0.48
	1.74
	0.26
	1.38
	0.26
	0.75
	0.11
	0.71
	0.1

	RK 033
	SHALE
	EZE AKU
	21.6
	39.1
	4.58
	18.5
	3
	0.66
	2.34
	0.37
	1.78
	0.38
	1.07
	0.16
	0.93
	0.14

	RK 032
	LIMESTONE
	EZE AKU
	32.1
	68.9
	8.46
	36.1
	8.27
	2.19
	9.86
	1.59
	8.22
	1.55
	3.92
	0.49
	2.68
	0.35

	RK 031
	LIMESTONE
	EZE AKU
	82.8
	166.1
	22.09
	107.4
	24.8
	6.47
	29.27
	4.32
	22.67
	3.9
	9.34
	1.12
	5.8
	0.75

	RK 030
	SHALE
	EZE AKU
	52.1
	100.2
	12.14
	44.7
	7.67
	1.6
	5.88
	0.89
	4.7
	0.88
	2.45
	0.38
	2.41
	0.37

	RK 029
	SHALE
	EZE AKU
	50.7
	95
	11.66
	45.5
	7.71
	1.54
	6.29
	0.94
	4.9
	0.85
	2.49
	0.37
	2.38
	0.34

	RK 028
	SHALE
	EKENKPON
	106.4
	223
	30.58
	130.5
	25.43
	6.01
	24.49
	4.02
	21.43
	3.93
	10.64
	1.53
	8.62
	1.12

	RK 027
	SHALE
	EKENKPON
	112
	311.5
	49.67
	231.9
	49.27
	11.08
	43.54
	6.44
	32.47
	5.43
	13.04
	1.58
	7.76
	0.93

	RK 026
	SHALE
	EKENKPON
	42.8
	87
	10.79
	44.6
	7.78
	1.86
	7.75
	1.18
	6.64
	1.25
	3.6
	0.53
	3.2
	0.47

	RK 025
	SHALE
	EKENKPON
	48.5
	92.7
	11.07
	43.6
	6.61
	1.32
	5.18
	0.8
	4.21
	0.77
	2.04
	0.33
	2.27
	0.3

	RK 024
	SHALE
	EKENKPON
	53.3
	101
	11.49
	42.1
	6.07
	1.09
	3.98
	0.59
	3.22
	0.67
	2.19
	0.37
	2.59
	0.41

	RK 023
	LIMESTONE
	EKENKPON
	122.8
	182.2
	22.79
	98.8
	18.27
	4.58
	20.81
	3.23
	18.9
	3.95
	11.5
	1.8
	11.14
	1.68

	RK 022
	SHALE
	EKENKPON
	55.5
	104.2
	12.33
	48.5
	7.12
	1.37
	5.04
	0.71
	3.53
	0.59
	1.83
	0.31
	2
	0.3

	RK 021
	SHALE
	EKENKPON
	61.7
	117.8
	14
	53.4
	8.2
	1.56
	5.65
	0.81
	3.95
	0.71
	2.08
	0.34
	2.16
	0.31

	RK 020
	SHALE
	EKENKPON
	55.8
	105.5
	12.46
	45.5
	7.37
	1.35
	5.31
	0.8
	4.06
	0.74
	2.25
	0.37
	2.4
	0.33

	RK 019
	SHALE
	EKENKPON
	53.6
	103.7
	12.4
	45.5
	6.97
	1.37
	5.4
	0.79
	3.99
	0.73
	2.29
	0.37
	2.31
	0.34

	RK 018
	SHALE
	EKENKPON
	58.4
	113.8
	13.37
	50.6
	8.36
	1.69
	6.73
	0.99
	5.23
	0.89
	2.79
	0.42
	2.59
	0.39

	RK 017
	SHALE
	EKENKPON
	57
	115.5
	13.85
	54.9
	9.02
	1.89
	7.36
	1.14
	5.97
	1.11
	2.99
	0.45
	2.85
	0.44

	RK 016
	LIMESTONE
	MFAMOSING
	1.5
	2.2
	0.26
	1.1
	0.17
	0.06
	0.26
	0.04
	0.25
	0.05
	0.16
	0.02
	0.13
	0.02

	RK 015
	LIMESTONE
	MFAMOSING
	1.1
	1.7
	0.2
	1.1
	0.14
	0.03
	0.13
	0.02
	0.14
	0.03
	0.07
	0.01
	0.09
	0.01

	RK 014
	LIMESTONE
	MFAMOSING
	2
	3.3
	0.39
	1.3
	0.29
	0.07
	0.32
	0.06
	0.23
	0.07
	0.16
	0.03
	0.14
	0.02

	RK 013
	LIMESTONE
	MFAMOSING
	3.3
	5.8
	0.64
	2.5
	0.5
	0.13
	0.49
	0.09
	0.5
	0.12
	0.31
	0.05
	0.31
	0.04

	RK 012
	LIMESTONE
	MFAMOSING
	2.8
	4.3
	0.5
	1.8
	0.3
	0.06
	0.29
	0.05
	0.31
	0.05
	0.16
	0.02
	0.15
	0.02

	RK 011
	SHALE
	ABAKALIKI
	23.7
	50.6
	5.96
	24.8
	4.72
	1.32
	4.3
	0.71
	3.44
	0.7
	1.9
	0.29
	1.85
	0.26

	RK 010
	SHALE
	ABAKALIKI
	58.7
	121.1
	13.87
	55.3
	8.72
	1.69
	6.38
	0.97
	5.17
	0.97
	2.88
	0.49
	2.98
	0.44

	RK 009
	SHALE
	ABAKALIKI
	68.2
	136.8
	15.77
	63.3
	10.25
	1.98
	7.78
	1.19
	5.97
	1.13
	3.06
	0.46
	2.9
	0.42

	RK 008
	SHALE
	ABAKALIKI
	67.6
	124.8
	15.24
	58.5
	10.31
	2.02
	7.63
	1.09
	5.49
	1
	2.8
	0.44
	2.45
	0.37

	RK 007
	SHALE
	ABAKALIKI
	64
	115
	12.93
	47.3
	6.93
	1.38
	5.98
	0.98
	5.3
	0.95
	2.85
	0.43
	2.47
	0.37

	RK 006
	SHALE
	ABAKALIKI
	66.3
	115.6
	12.91
	44.8
	7.24
	1.45
	6.38
	1.12
	6.15
	1.1
	2.93
	0.46
	2.74
	0.37

	RK 005
	SANDSTONE
	AWI
	20.3
	37.7
	4.59
	16.5
	3.21
	0.66
	2.51
	0.31
	1.57
	0.3
	0.85
	0.13
	0.92
	0.13

	RK 004
	SANDSTONE
	AWI
	13.9
	27.3
	3.52
	13.4
	3.03
	0.65
	2.8
	0.39
	2.18
	0.41
	1.13
	0.18
	1.07
	0.16

	RK 003
	SANDSTONE
	AWI
	15.5
	31.2
	3.69
	15
	2.73
	0.45
	1.95
	0.28
	1.55
	0.3
	0.93
	0.15
	1.18
	0.19

	RK 002
	LIGNITE
	AWI
	45.5
	88
	9.93
	37.5
	6.25
	1.03
	4.07
	0.54
	2.68
	0.48
	1.57
	0.24
	1.59
	0.25

	RK 001
	SANDSTONE
	AWI
	30.8
	59
	6.75
	25.1
	4.16
	0.66
	2.72
	0.37
	2
	0.4
	1.23
	0.19
	1.28
	0.19


Sample No: (1-16) – Asu River Group
Sample (17-56) – Cross River Group


Table 2: Summary of Chondrite normalized REE for clastic sediments of the Lower Benue Trough (A) ARG (B) CRG
	 (
A
)REE
	Minimum
	Maximum
	Average

	La
	1.1
	68.2
	30.3

	Ce
	1.7
	136.8
	57.8

	Pr
	0.2
	15.97
	6.69

	Nd
	1.1
	63.3
	25.6

	Sm
	0.14
	10.25
	4.3

	Eu
	0.03
	2.02
	0.85

	Gd
	0.13
	7.78
	3.37

	Tb
	0.02
	1.19
	0.51

	Dy
	0.14
	6.15
	2.68

	Ho
	0.03
	1.13
	0.50

	Er
	0.07
	3.06
	1.43

	Tm
	0.01
	0.49
	0.22

	Yb
	0.09
	2.98
	1.39

	Lu
	0.01
	0.44
	0.2

	Eu/Eu*
	0.6
	1.15
	0.73

	Ce/Ce*
	1.01
	1.62
	1.20



	 (
B
)REE
	Minimum
	Maximum
	Average

	La
	3.7
	122.8
	38

	Ce
	2.9
	312
	71

	Pr
	0.57
	49.7
	9.1

	Nd
	2.1
	232
	37.4

	Sm
	0.28
	49.27
	6.78

	Eu
	0.05
	11.08
	1.76

	Gd
	0.21
	43.54
	5.99

	Tb
	0.03
	6.44
	1.04

	Dy
	0.14
	32.47
	4.77

	Ho
	0.04
	5.43
	0.99

	Er
	0.1
	13.04
	2.38

	Tm
	0.02
	7.69
	0.82

	Yb
	0.13
	11.14
	2.08

	Lu
	0.02
	1.68
	0.3

	Eu/Eu*
	0.6
	0.8
	0.74

	Ce/Ce*
	1.0
	4.3
	1.75





Table 3: Europium and Cerium Anomaly values for ARG Sediments
	Rock No
	LITHOLOGY
	FORMATION
	GROUP
	Eu/Eu*
	Ce/Ce*
	MEAN VALUE FOR Eu/Eu*
	MEAN VALUE FOR Ce/Ce*

	RK016
	LIMESTONE
	MFAMOSING
	ARG
	0.63
	1.06
	0.74
	1.06

	RK015
	LIMESTONE
	MFAMOSING
	ARG
	0.81
	1.13
	
	

	RK014
	LIMESTONE
	MFAMOSING
	ARG
	0.71
	1.08
	
	

	RK013
	LIMESTONE
	MFAMOSING
	ARG
	0.69
	1.04
	
	

	RK012
	LIMESTONE
	MFAMOSING
	ARG
	0.88
	1.01
	
	

	RK011
	SHALE
	ABAKALIKI
	ARG
	0.66
	1.17
	0.72
	1.26

	RK010
	SHALE
	ABAKALIKI
	ARG
	0.66
	1.20
	
	

	RK009
	SHALE
	ABAKALIKI
	ARG
	0.70
	1.18
	
	

	RK008
	SHALE
	ABAKALIKI
	ARG
	0.68
	1.26
	
	

	RK007
	SHALE
	ABAKALIKI
	ARG
	0.69
	1.29
	
	

	RK006
	SHALE
	ABAKALIKI
	ARG
	0.90
	1.43
	
	

	RK005
	SANDSTONE
	AWI
	ARG
	0.60
	1.24
	0.74
	1.29

	RK004
	SANDSTONE
	AWI
	ARG
	1.15
	1.16
	
	

	RK003
	SANDSTONE
	AWI
	ARG
	0.72
	1.17
	
	

	RK002
	LIGNITE
	AWI
	ARG
	0.63
	1.62
	
	

	RK001
	SANDSTONE
	AWI
	ARG
	0.61
	1.23
	
	



Table 4: Europium and Cerium Anomaly values for CRG Sediments
	Rock No
	LITHOLOGY
	FORMATION
	GROUP
	Eu/Eu*
	Ce/Ce*
	Mean value for Eu/Eu*
	Mean value for Ce/Ce*

	RK056
	SANDSTONE
	AGBANI
	CRG
	0.8
	1.2
	0.71
	3.2

	RK055
	SANDSTONE
	AGBANI
	CRG
	0.7
	4.1
	
	

	RK054
	SANDSTONE
	AGBANI
	CRG
	0.9
	3.4
	
	

	RK053
	SANDSTONE
	AGBANI
	CRG
	0.7
	3.4
	
	

	RK052
	SANDSTONE
	AGBANI
	CRG
	0.6
	3.1
	
	

	RK051
	SANDSTONE
	AGBANI
	CRG
	0.8
	3
	
	

	RK050
	SANDSTONE
	AGBANI
	CRG
	0.7
	3
	
	

	RK049
	SANDSTONE
	AGBANI
	CRG
	0.6
	4.3
	
	

	RK048
	SANDSTONE
	AGBANI
	CRG
	0.6
	3.6
	
	

	RK047
	SHALE
	AWGU
	CRG
	0.8
	1.1
	0.75
	1.1

	RK046
	SHALE
	AGWU
	CRG
	0.7
	1.1
	
	

	RK045
	MARL
	NEW NETIM
	CRG
	0.8
	1.3
	0.78
	1.5

	RK044
	MARL
	NEW NETIM
	CRG
	0.8
	1.4
	
	

	RK043
	MARL
	NEW NETIM
	CRG
	0.8
	1.5
	
	

	RK042
	MARL
	NEW NETIM
	CRG
	0.7
	1.6
	
	

	RK041
	SANDSTONE
	EZE-AKU
	CRG
	1.2
	1.0
	0.79
	1.7

	RK040
	SANDSTONE
	EZE-AKU
	CRG
	0.8
	2.0
	
	

	RK039
	LIMESTONE
	EZE-AKU
	CRG
	0.7
	3.1
	
	

	RK038
	SHALE
	EZE-AKU
	CRG
	0.7
	1.2
	
	

	RK037
	LIMESTONE
	EZE-AKU
	CRG
	0.7
	1.6
	
	

	RK036
	LIMESTONE
	EZE-AKU
	CRG
	0.8
	2.1
	
	

	RK035
	SHALE
	EZE-AKU
	CRG
	0.6
	1.5
	
	

	RK 034
	SHALE
	EZE-AKU
	CRG
	0.8
	1.7
	
	

	RK 033
	SHALE
	EZE-AKU
	CRG
	0.8
	1.4
	
	

	RK028
	LIMESTONE
	EKENKPON
	CRG
	0.7
	1.0
	0.70
	1.0

	RK027
	LIMESTONE
	EKENKPON
	CRG
	0.7
	1.2
	
	

	RK023
	LIMESTONE
	EKENKPON
	CRG
	0.7
	0.8
	
	

	RK032
	SHALE
	EKENKPON
	CRG
	0.7
	1.3
	0.70
	1.1

	RK031
	SHALE
	EKENKPON
	CRG
	0.7
	1.0
	
	

	RK029
	SHALE
	EKENKPON
	CRG
	0.7
	1.1
	
	

	RK029
	SHALE
	EKENKPON
	CRG
	0.7
	1.1
	
	

	RK026
	SHALE
	EKENKPON
	CRG
	0.7
	1.2
	
	

	RK025
	SHALE
	EKENKPON
	CRG
	0.7
	1.1
	
	

	RK024
	SHALE
	EKENKPON
	CRG
	0.7
	1.1
	
	

	RK022
	SHALE
	EKENKPON
	CRG
	0.7
	1.1
	
	

	RK021
	SHALE
	EKENKPON
	CRG
	0.7
	1.1
	
	

	RK020
	SHALE
	EKENKPON
	CRG
	0.7
	1.1
	
	

	RK019
	SHALE
	EKENKPON
	CRG
	0.7
	1.1
	
	

	RK018
	SHALE
	EKENKPON
	CRG
	0.7
	1.1
	
	

	RK017
	SHALE
	EKENKPON
	CRG
	0.7
	1.1
	
	




The sediments from the three formations under the ARG and he five in CRG points to a distinctively mean negative europium anomaly (Eu/Eu*) of 0.70-0.79 (Tables 3 and 4) with higher LREE/HREE ratios (Figs 6-13). The negative Eu/Eu* anormalies denotes felsic source rock (Taylor and Mclennan, 1985). This goes to show that the sediments of the ARG and CRG tend towards felsic sources as confirmed by the europium anomaly while the mean value of Ce/Ce* for the all the formations ranges from 1.0-3.2 (Table 3 and 4) which is an evidence suggesting an oxidizing condition and characteristic shallow marine environment since cerium anomaly value is greater than 1.
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Fig: 6: Plots of Chondrite normalized REE plots for Awi Formation
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Fig 7: Plots of Chondrite normalized REE plot for Abakaliki Formation.
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Fig 8: Plots of Chondrite normalized REE plot for Mfamosing Formation.


Fig 9: Plots of Chondrite normalized REE Plot for Ekenkpon Formation.


Fig. 10: Plots of Chondrite normalized REE plot for Eze-Aku Formation


Fig 11: Plots of REE Pattern for New Netim Marl Formation


Fig 12: REE Pattern for Awgu Formation


Fig 13: REE Pattern for Agbani Sandstone.


Multi-elements geochemistry
The Multi Elements geochemistry (Spider diagrams) was also employed to confirm the observation made from the rare earth element results and to compare the patterns from both with standard plots. The spider diagrams for sediments of Asu River Group and Cross River Group revealed a pattern that shows that the sediments are sourced from the Upper Continental Crust (UCC) (Figs 14, 15, 16, 17, 18, 19, 20, and 21).
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Fig. 14: Spider diagram for Awi Formation
(MORB = Mid Oceanic Ridge Basalt normalization).
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Fig. 15: Spider diagram for Abakaliki Formation
(MORB = Mid Oceanic Ridge Basalt normalization).
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Fig. 16: Spider diagram for Mfamosing Formation
(MORB = Mid Oceanic Ridge Basalt normalization).


Fig 17: Spider diagram for Ekenkpon Formation (Primitive MORB)


Fig 18: Spider diagram for Eze Aku Formation (Primitive MORB)


Fig 19: Spider diagram for New Netim Marl Formation (Primitive MORB)

Fig 20: Spider diagram for Awgu Formation (Primitive MORB)


Fig. 21: Spider diagram for Agbani Formation (primitive MORB)


Conclusions
The chondrite normalized values for the rare earth elements of the three Formations making up the Asu River Group revealed an appreciable enrichment in the LREE (La-Nd) over the HREE (Er-Lu). The average europium anomaly (Eu/Eu*) value of the three Formations is 0.73 and this coincides with the range of sediments from a felsic sources. While the cerium anomaly (Ce/Ce*) value of 1.20 shows that the sediments were deposited in an oxidizing environment and confirms even more the fact that the sediments of the Asu River Group tend towards felsic sources as earlier confirmed by the europium anomaly. The distribution of the rare earth element in the sediments of Awi Formation, Abakaliki Formation and Mfamosing Formation of the Asu River Group sediments sampled are controlled by the mineralogy of the parent rock were formed as a result of the removal of feldspar from a felsic melt. While the rare earth element pattern of the three formations conforms to that of sediments sourced from the upper continental crust. The spider diagrams normalized to that of Mid Oceanic Ridge Basalt (MORB) shows a pattern which conforms to that of the Upper Continental Crust (UCC).
The rare earth elements of Cross River Group also revealed a mineralogical controlled process by the mineralogical composition of the parent rock. The REE pattern shows an enrichment of LREE and depletion of HRE and indicates negative europium anomaly which is similar to sediments of ARG. The enrichment in LREE can be ascribed to the high level content of hornblende in the parent rock. Evidences from Spider diagram also indicated that the sediments that the Eze Aku, Ekenkpon, New Netim Marl, Awgu and Agbani Formations have the characteristics pattern of Upper Continental Crust. Evidences from the cerium anomalies with values >1 indicate an oxidizing environments and that the sediments of Eze Aku, Ekenkpon, New Netim Marl, Awgu and Agbani Formations were deposited in a shallow marine environment.
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rk 6	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	194.99999999999997	127.03296703296701	106.69421487603306	70	37.128205128206012	19.863013698630127	24.538461538461529	23.829787234042556	20.500000000000004	14.102564102564104	14.65	14.375000000000076	12.454545454545476	10.882352941176469	rk 7	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	188.23529411764702	126.37362637362365	106.85950413222862	73.906250000000227	35.538461538461526	18.904109589040889	23	20.851063829787233	17.666666666666668	12.179487179487605	14.25	13.4375	11.227272727272275	10.882352941176469	rk 8	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	198.82352941176467	137.14285714285612	125.95041322314142	91.406250000000227	52.8717948717929	27.671232876712189	29.346153846153829	23.191489361702128	18.3	12.820512820512821	14.000000000000002	13.75	11.136363636363637	10.882352941176469	rk 9	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	200.58823529411652	150.32967032967034	130.33057851239681	98.906250000000227	52.564102564102555	27.123287671232877	29.923076923076923	25.319148936170212	19.899999999999999	14.487179487179468	15.3	14.375000000000076	13.181818181817782	12.352941176470587	rk 10	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	172.64709999999999	133.07692307692307	114.62809917354926	86.406250000000227	44.717948717948723	23.150684931506849	24.538461538461529	20.638297872340424	17.233333333332542	12.435897435897436	14.400000000000002	15.312500000000076	13.54545454545455	12.941176470588234	rk 11	69.705882352937394	55.604395604395606	49.256198347107613	38.75	24.205128205127323	18.082191780821589	16.538461538461529	15.106382978723406	11.466666666666876	8.9743589743589709	9.5000000000000018	9.0625000000000266	8.4090909090909225	7.6470588235293855	rk 12	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	8.2352941176470598	4.7252747252747334	4.1322314049586923	2.8124999999999107	1.5384615384615383	0.8219178082191978	1.1153846153845774	1.0638297872339735	1.0333333333333334	0.64102564102564163	0.79999999999999993	0.62500000000001465	0.68181818181818177	0.58823529411762987	rk 13	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	8.2352941176470598	4.7252747252747334	4.1322314049586923	2.8124999999999107	1.5384615384615383	0.8219178082191978	1.1153846153845774	1.0638297872339735	1.0333333333333334	0.64102564102564163	0.79999999999999993	0.62500000000001465	0.68181818181818177	0.58823529411762987	rk 14	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	5.8823529411764675	3.6263736263736237	3.223140495867769	2.0312499999999107	1.4871794871794206	0.9589041095890416	1.2307692307692002	1.2765957446808509	0.76666666666666672	0.89743589743590002	0.79999999999999993	0.9375	0.63636363636365378	0.58823529411762987	rk 15	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	3.2352941176470602	1.8681318681318761	1.6528925619835109	1.71875	0.71794871794873905	0.4109589041095984	0.5	0.42553191489361702	0.46666666666667506	0.38461538461538458	0.35000000000000031	0.31250000000000488	0.40909090909091705	0.29411764705882382	rk 16	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	4.4117649999999999	2.4175824175824192	2.1487603305785132	1.71875	0.87179487179490311	0.8219178082191978	1	0.85106382978721329	0.8333333333333337	0.64102564102564163	0.8	0.62500000000001465	0.59090900000000002	0.58823499999998041	RK026	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	94.411764705883527	75.714285714285722	69.917355371900896	56.40625	42.410256410255997	30	37.923076923076962	33.829787234042094	27.400000000000002	19.871794871794872	19.599999999999987	15.312500000000076	12.181818181817606	10.294117647058798	RK025	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	243.52941176470532	182.52747252747261	182.56198347107437	167.8125	127.17948717947918	88.630136986301352	112.57692307692307	91.914893617021292	75.566666666666677	50	46.70000000000001	35	26.363636363636289	2.2058823529411802	RK024	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	153.23529411764702	110.10989010989005	100.33057851239094	69.84375	39.333333333333329	21.917808219178095	22.615384615384631	18.936170212765589	15.666666666666726	11.282051282051283	12.25	11.875000000000076	10.954545454545476	10.882352941176469	RK023	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	149.11764705882447	104.39560439560438	96.363636363636289	71.09375	39.53846153846154	21.095890410958905	24.192307692307686	20	16.333333333332789	10.897435897436486	12.450000000000006	11.562500000000076	10.81818181818182	10	RK022	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	312.94117647056669	245.05494505494505	252.72727272727272	203.90625	130.41025641025641	82.32876712328158	94.192307692307679	85.531914893617127	71.433333333333309	50.384615384615344	53.2	47.8125	39.181818181818144	32.941176470588225	RK021	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	329.41176470588169	342.30769230769226	410.49586776857649	362.34375	252.66666666666652	151.78082191780823	167.46153846153845	137.02127659574469	108.23333333333331	69.615384615384258	65.2	49.375	35.272727272727273	27.352941176470591	RK020	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	0	RK019	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	142.64705882352939	101.86813186813085	91.487603305785427	68.124999999999986	33.897435897435912	18.082191780821589	19.92307692307692	17.021276595744681	14.033333333333333	9.8717948717948723	10.200000000000001	10.312500000000076	10.31818181818182	8.8235294117647047	RK018	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	156.76470588234992	110.98901098901565	94.95867768595042	65.781250000000227	31.128205128205131	14.93150684931507	15.307692307692324	12.553191489361701	10.733333333333333	8.5897435897435894	10.950000000000006	11.562500000000076	11.772727272727376	12.058823529411763	RK017	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	361.17647058823525	200.21978021976958	188.34710743801747	154.375	93.692307692307679	62.739726027397246	80.038461538456687	68.723404255319167	63	50.641025641025642	57.5	56.25	50.63636363636364	49.411764705881794	RK016	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	163.23529411764702	114.50549450549335	101.900826446281	75.781250000000227	36.512820512820504	18.767123287670689	19.384615384615383	15.106382978723406	11.766666666666676	7.5641025641025355	9.15	9.6875	9.0909090909091006	8.8235294117647047	RK015	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	181.47058823529414	129.45054945055207	115.70247933884298	83.437500000000227	42.051282051279024	21.369863013699035	21.730769230767816	17.234042553191486	13.166666666666726	9.1025641025641022	10.4	10.625	9.8181818181818201	9.117647058823529	RK014	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	164.11764705882447	115.93406593406642	102.97520661157026	71.09375	37.794871794872009	18.493150684931489	20.42307692307692	17.021276595744681	13.533333333333333	9.4871794871794819	11.25	11.562500000000076	10.909090909090922	9.7058823529411757	RK013	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	157.64705882352939	113.95604395604396	102.47933884297039	71.09375	35.74358974359	18.767123287670689	20.76923076923077	16.808510638297872	13.3	9.3589743589743595	11.450000000000006	11.56	10.5	10	RK012	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	171.76470588234992	125.05494505494509	110.49586776859503	79.0625	42.87179487179187	23.150684931506849	25.884615384615387	21.063829787234042	17.433333333332083	11.410256410256412	13.950000000000006	13.125	11.772727272727376	11.470588235294176	REE

abundance/chondrite


RK045	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	25.882352941175398	17.912087912087912	15.702479338843126	12.03125	6.4102564102564097	5.8904109589041065	4.0769230769230784	3.6170212765957452	3.0333333333333341	2.5641025641025652	2.9499999999999997	2.8124999999998561	2.5909090909090908	2.3529411764705777	RK044	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	35	25.494505494505493	22.066115702479326	16.25	9.4871794871794819	6.4383561643837934	6.3076923076923084	5.9574468085106389	5.3333333333333934	4.615384615384615	5.0999999999999996	5	4.4545454545454355	4.411764705882625	RK043	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	17.058823529411764	12.197802197802197	10.495867768595042	7.65625	4.2564102564101765	2.3287671232876717	2.6153846153846154	2.3404255319148937	1.7000000000000002	1.4102564102564104	1.549999999999943	1.5625	1.3181818181818181	1.1764705882353041	RK042	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	146.17647058823547	113.29670329670328	95.123966942148755	69.531250000000227	38.307692307691994	20.82191780821919	24.076923076922789	20.851063829787233	18.233333333332489	13.589743589743676	14.950000000000006	15	13.181818181817652	12.352941176470587	RK041	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	53.529411764705912	37.362637362637344	30.826446280990584	23.125	12.205128205128204	6.3013698630137034	6.5384615384615383	5.7446808510638299	5.2	3.5897435897435868	3.75	4.375	3.7727272727274452	3.2352941176470602	RK040	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	29.117647058823533	19.340659340659329	17.438016528924624	12.812500000000076	7.5384615384615383	5.0684931506849313	5.4230769230769225	4.6808510638297856	4.3666666666666671	3.4615384615384617	3.9499999999999997	3.4375	3.2272727272727812	2.9411764705882337	RK039	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	61.764705882352963	44.835164835164832	38.595041322314053	27.8125	20.512820512820511	9.0410959999999996	9.4615384615384617	7.8723404255319194	6.3666666666666663	4.7435897435897436	5.1499999999999995	4.6874999999999956	4.0909090909090908	3.8235294117647047	RK038	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	44.117647058821994	31.208791208790789	27.438016528924624	19.6875	11.076923076923077	6.575342465753713	6.6923076923076916	5.5319148936170217	4.5999999999999996	3.3333333333333335	3.75	3.4375	3.2272727272727812	2.9411764705882337	RK037	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	63.529411764705912	42.967032967032964	37.851239669419463	28.90625	15.384615384615383	9.0410958904109489	9	7.8723404255319194	5.9333333333334934	4.8717948717948723	5.35	5	4.2272727272727284	4.1176470588235299	REE

Abundance/Chondrite


RK030	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	86.470588235294088	66.263736263736249	61.322314049587163	48.28125	28.358974358974358	16.712328767123289	16.846153846153829	14.042553191489366	11.2	8.0769230769230749	8.75	8.125	7.5	7.3529411764705745	RK029	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	75.588235294117666	57.582417582417094	54.380165289255999	41.718750000000163	24.871794871794869	14.93150684931507	15.076923076923077	12.127659574468106	10.166666666666726	7.051282051282052	7.55	7.5	6.7272727272727284	7.0588235294117636	RK028	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	61.470588235294095	47.472527472527474	41.818181818181813	33.593750000000163	18.564102564102566	12.054794520548176	11	9.787234042553191	8.2666666666666728	5.5128205128205066	6.6	6.25	5.2272727272727284	5.5882352941176494	RK027	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	53.235294117647044	39.010989010989007	34.462809917355372	25.9375	14.87179487179487	8.6301369863013697	9.1923076923077005	7.6595744680849656	6.1000000000000005	4.2307692307692424	5	4.375	4.2272727272727284	3.8235294117647047	REE

Abundance/chondrite


RK047	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	308.82352941176464	264.17582417584038	254.95867768595087	192.96875	106.61538461538395	59.452054794520549	52.384615384615344	41.702127659574465	31.2	18.846153846153829	19.05	18.125	16.22727272727273	15	RK046	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	174.41176470587507	136.48351648351661	119.58677685949922	88.906250000000227	46.923076923076962	26.438356164383563	26.499999999999989	22.765957446808535	18.233333333332489	13.461538461538462	14.8	14.687500000000002	13.590909090909102	12.647058823529411	REE

Abundance/chondrite


RK056	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	27.352941176470591	26.923076923076923	13.223140495867769	9.6875	5.1282051282051277	2.8767123287671228	2.5	2.3404255319148937	2.1333333333333342	1.5384615384615383	1.8499999999999455	1.875	1.7272727272727293	1.4705882352941158	RK055	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	10.882352941176471	8.0219780219779189	8.2644628099173563	7.65625	6.7692307692307692	4.3835620000000004	5.1153846153846159	5.7446808510638299	5.2	3.9743589743589727	5.3	5.3124999999999956	5.3636363636363615	4.7058823529411784	RK054	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	15.294117647058798	10	8.0991735537190088	5	2.7179487179487181	1.9178082191780792	1.6153846153845601	1.2765957446808509	0.90000000000000013	1.025641025641026	0.95000000000000062	0.9375	1.0909090909090498	0.8823529411764337	RK053	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	15.000000000000002	10.549450549450549	9.0909090909091006	6.5624999999999956	3.1282051282051277	1.6438356164383559	2	1.9148936170212714	1.2333333333333334	1.025641025641026	1.2	1.25	1.2727272727272718	1.4705882352941158	RK052	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	17.352941176470591	12.857142857143558	10.3305785123967	6.71875	4	1.6438356164383559	2.1923076923076952	1.702127659574417	1.3333333333333335	1.0256409999999998	1.0499999999999376	0.9375	0.95454545454549333	1.1764705882353041	RK051	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	18.235294117647058	13.186813186813048	11.239669421487605	8.59375	4.3589743589743355	2.6027397260275222	2.6923079999999997	2.1276595744680837	1.7000000000000022	1.2820512820512822	1.3	1.5625	1.2272727272727273	1.1764705882353041	RK050	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	17.941176470588189	12.197802197802197	10.3305785123967	7.34375	3.9487179487180692	1.9178082191780792	2.1153846153846154	1.702127659574417	1.2	1.025641025641026	0.95000000000000062	0.94000000000000061	1	0.8823529411764337	RK049	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	11.176470588235302	6.9230769230769225	4.7107438016528924	3.28125	1.4358974358973864	0.6849315068493167	0.8076923076923076	0.63829787234047131	0.70000000000000062	0.51282051282052465	0.5	0.62500000000001465	0.5909090909090926	0.58823529411762199	RK048	La	Ce	Pr	Nd	Sm	Eu	Gd	Tb	Dy	Ho	Er	Tm	Yb	Lu	14.117647058823527	9.7802197802197419	8.5950413223140494	5.46875	3.2307692307692308	1.5068493150684352	1.7307692307691762	1.2765957446808509	0.8333333333333337	0.64102564102564163	0.75000000000001465	0.94000000000000061	0.95000000000000062	0.8823529411764337	REE

Abundance/chondrite



norm 1	Ba	Th	Nb	La	Sr	P	Zr	Ti	Y	Yb	Rb	K	Ta	Ce	Nd	Sm	Hf	Tb	9.25	62.5	4.5600000000000005	10.266666666666676	1.8080882352941177	0.66666666666666674	1.9579545454545455	0.46666666666667467	0.34285714285714286	0.36571428571429893	122.4	20.066666666666666	7.6470588235293855	5.9	3.1375000000000002	1.2606060606060607	2	0.52112676056338025	norm 2	Ba	Th	Nb	La	Sr	P	Zr	Ti	Y	Yb	Rb	K	Ta	Ce	Nd	Sm	Hf	Tb	9.1666666666666767	84.5	6.1599999999999975	15.166666666666726	3.189705882353	0.91666666666666652	2.8193181818180961	0.59333333333333338	0.42000000000000032	0.45428571428571435	149.30000000000001	23.2	9.4117647058823533	8.8000000000000007	4.6874999999999956	1.8939393939393512	2.7600000000000002	0.76056338028168957	norm 3	Ba	Th	Nb	La	Sr	P	Zr	Ti	Y	Yb	Rb	K	Ta	Ce	Nd	Sm	Hf	Tb	6.3333333333333934	39.5	2.48	5.166666666666667	0.57647058823529418	0.25	2.7227272727274148	0.32666666666667993	0.2742857142857143	0.33714285714287379	39.200000000000003	6.2666666666666684	17.647058823529431	3.12	1.875	0.82727272727272727	2.84	0.39436619718311444	norm 4	Ba	Th	Nb	La	Sr	P	Zr	Ti	Y	Yb	Rb	K	Ta	Ce	Nd	Sm	Hf	Tb	24	25	2.04	4.6333333333333524	1.3301470588235627	0.41666666666667568	1.4352272727272404	0.15333333333333857	0.35714285714286897	0.30571428571429904	94.8	17.133333333332889	5.294117647058628	2.73	1.675	0.91818181818181865	1.48	0.54929577464790003	norm 5	Ba	Th	Nb	La	Sr	P	Zr	Ti	Y	Yb	Rb	K	Ta	Ce	Nd	Sm	Hf	Tb	24.916666666666668	41	2.7600000000000002	6.7666666666666684	1.181617647058824	0.33333333333333337	1.3045454545454545	0.21333333333333845	0.26571428571429406	0.26285714285714284	142.19999999999999	23.266666666666669	7.6470588235293855	3.7700000000000005	2.0625	0.97272727272728265	1.3199999999999621	0.43661971830987573	norm 6	Ba	Th	Nb	La	Sr	P	Zr	Ti	Y	Yb	Rb	K	Ta	Ce	Nd	Sm	Hf	Tb	28.833333333332789	118.5	9.52	22	1.0963235294118165	1.0833333333333335	1.0784090909090898	0.7133333333333336	0.85714285714285765	0.78285714285714258	150.9	19.466666666666669	8.8235294117647047	11.560000000000002	5.6	2.1939393939393952	1.1599999999999695	1.5774647887323527	norm 7	Ba	Th	Nb	La	Sr	P	Zr	Ti	Y	Yb	Rb	K	Ta	Ce	Nd	Sm	Hf	Tb	27.166666666666668	98.5	8.5600000000000023	21.333333333332789	0.96838235294117669	0.91666666666666652	1.1193181818181821	0.70000000000000062	0.76857142857144523	0.70571428571428552	142.1	18.066666666666666	8.8235294117647047	11.5	5.9124999999999996	2.1	1.2	1.380281690140845	norm 8	Ba	Th	Nb	La	Sr	P	Zr	Ti	Y	Yb	Rb	K	Ta	Ce	Nd	Sm	Hf	Tb	28.75	117	8.68	22.533333333332649	1.0448529411765035	0.91666666666666652	0.95113636363636356	0.72000000000000064	0.75714285714287577	0.70000000000000062	149.6	19.400000000000002	8.8235294117647047	12.48	7.3124999999999956	3.1242424242424227	1.1199999999999668	1.5352112676056338	norm 9	Ba	Th	Nb	La	Sr	P	Zr	Ti	Y	Yb	Rb	K	Ta	Ce	Nd	Sm	Hf	Tb	39	96	8.9600000000000026	22.733333333332578	1.0625	1	2.0556818181818182	0.70000000000000062	0.96571428571428553	0.82857142857142863	131.9	18.933333333332516	9.4117647058823533	13.680000000000001	7.9124999999999996	3.1060606060606064	2	1.6760563380281701	norm 10	Ba	Th	Nb	La	Sr	P	Zr	Ti	Y	Yb	Rb	K	Ta	Ce	Nd	Sm	Hf	Tb	44.916666666664739	99.5	9.48	19.566666666666666	1.4963235294118027	0.8333333333333337	3.0920454545453739	0.7466666666666667	0.7885714285714287	0.85142857142859618	134.6	21.133333333332889	9.4117647058823533	12.11	6.9124999999999996	2.6424242424242452	3.12	1.3661971830986201	norm 11	Ba	Th	Nb	La	Sr	P	Zr	Ti	Y	Yb	Rb	K	Ta	Ce	Nd	Sm	Hf	Tb	14.75	31.499999999999989	2.7600000000000002	7.8999999999999995	1.2191176470588236	1.0833333333333335	2.0829545454545455	0.22	0.64705882352944399	0.52857142857142869	27.6	5.8	2.9411764705882337	5.0600000000000005	7.9124999999999996	1.4303030303030304	2	1	norm 12	Ba	Th	Nb	La	Sr	P	Zr	Ti	Y	Yb	Rb	K	Ta	Ce	Nd	Sm	Hf	Tb	0.58333333333333337	0.95000000000000062	4.0000000000000022E-2	0.93333333333333324	2.0338235294117637	0.41666666666667568	2.2727272727274258E-2	6.0000000000000114E-3	6.2857142857142903E-2	4.2857142857142913E-2	7	0.26666666666666738	0.52941176470588158	0.43000000000000038	0.22500000000000001	9.0909090909091064E-2	3.5999999999999997E-2	7.0422535211267623E-2	norm 13	Ba	Th	Nb	La	Sr	P	Zr	Ti	Y	Yb	Rb	K	Ta	Ce	Nd	Sm	Hf	Tb	1.25	2.9999999999999987	0.16	1.0999999999999643	2.2852941176471337	0.25	6.4772727272729133E-2	1.3333333333333341E-2	0.11142857142857172	8.8571428571434199E-2	15	0.93333333333333368	0.52941176470588158	0.58000000000000007	0.31250000000000488	0.15151515151515749	3.5999999999999997E-2	0.12676056338028169	norm 14	Ba	Th	Nb	La	Sr	P	Zr	Ti	Y	Yb	Rb	K	Ta	Ce	Nd	Sm	Hf	Tb	2.5833333333333401	2	8.0000000000000043E-2	0.66666666666666663	2.1610294117647038	0.5	3.1818181818181808E-2	6.0000000000000114E-3	6.5714285714285739E-2	4.0000000000000022E-2	31	0.26666666666666738	0.52941176470588158	0.33000000000000856	0.16250000000000001	8.7878787878787459E-2	3.5999999999999997E-2	8.4507042253521764E-2	norm 15	Ba	Th	Nb	La	Sr	P	Zr	Ti	Y	Yb	Rb	K	Ta	Ce	Nd	Sm	Hf	Tb	0.66666666666666663	0.95000000000000062	3.5999999999999997E-2	0.36666666666667697	2.3749999999999987	0.16666666666666669	9.0909090909091547E-3	6.0000000000000114E-3	3.4285714285715418E-2	2.5714285714285714E-2	8	0.2	0.52941176470588158	0.17	0.13750000000000001	4.2424242424242427E-2	3.5999999999999997E-2	2.8169014084507043E-2	norm 16	Ba	Th	Nb	La	Sr	P	Zr	Ti	Y	Yb	Rb	K	Ta	Ce	Nd	Sm	Hf	Tb	0.75000000000001465	0.95000000000000062	3.5999999999999997E-2	0.5	1.9205882352941175	0.41666666666667568	1.1363636363636367E-2	6.0000000000000114E-3	6.8571428571428575E-2	3.7142857142857151E-2	9	0.2	0.52941176470588158	0.22000000000000003	0.13750000000000001	5.1515151515151486E-2	3.5999999999999997E-2	5.6338028169014086E-2	RK026	Rb	Ba	K2O	Th	Ta	Sr	La	Ce	Nb	Nd	P2O5	Hf	Zr	E	TiO2	Tb	Y	Yb	Ni	17	5.9166666666666714	2.4666666666666668	13	1.7647058823529398	4.5794117647058821	10.700000000000001	6.8900000000000006	1.1199999999999484	4.5124999999999975	3.5833333333333401	0.76000000000002432	23.959999999999987	1.825	7.3333333333334194E-2	2.23943661971831	1.6914285714285981	0.76571428571428579	0.15217391304347827	RK025	Rb	Ba	K2O	Th	Ta	Sr	La	Ce	Nb	Nd	P2O5	Hf	Zr	E	TiO2	Tb	Y	Yb	Ni	18.399999999999999	4.666666666666667	2.4666666666666668	11.500000000000002	0.58823529411762121	4.6522058823529395	27.599999999999987	16.610000000000031	1.1199999999999484	13.425000000000002	15.583333333333334	0.32000000000001205	10.880000000000004	5.3916666666666684	8.6666666666667766E-2	6.0845070422535219	4.0342857142857085	1.657142857142857	0.14492753623188406	RK024	Rb	Ba	K2O	Th	Ta	Sr	La	Ce	Nb	Nd	P2O5	Hf	Zr	E	TiO2	Tb	Y	Yb	Ni	134.6	44.416666666663581	21.200000000000003	94.5	8.8235294117647047	2.625	17.366666666666667	10.02	7.24	5.5874999999999995	0.8333333333333337	2.7199999999999998	98.92	1.3333333333333335	0.61333333333333362	1.2535211267605635	0.69714285714285762	0.68857142857142861	0.24637681159420291	RK023	Rb	Ba	K2O	Th	Ta	Sr	La	Ce	Nb	Nd	P2O5	Hf	Zr	E	TiO2	Tb	Y	Yb	Ni	123.2	44.833333333333336	18.733333333332489	86.5	6.4705882352941524	2.2257352941176491	16.900000000000002	9.5	6.68	5.6874999999999956	1.1666666666666667	2.52	81.92	1.2833333333333334	0.60000000000000064	1.3239436619718321	0.73142857142860063	0.68	0.23913043478261545	RK022	Rb	Ba	K2O	Th	Ta	Sr	La	Ce	Nb	Nd	P2O5	Hf	Zr	E	TiO2	Tb	Y	Yb	Ni	103.7	87	19.2	143	7.0588235294117636	3.138235294117647	35.466666666665994	22.3	6.48	16.3125	26.75	5.2	182.23999999999998	5.0083333333333524	0.56666666666666654	5.6619718309858245	2.8771428571428572	2.4628571428571426	0.14492753623188406	RK021	Rb	Ba	K2O	Th	Ta	Sr	La	Ce	Nb	Nd	P2O5	Hf	Zr	E	TiO2	Tb	Y	Yb	Ni	112	24.083333333331762	16	84	7.6470588235293855	1.981617647058824	37.333333333333336	31.150000000000031	7.3599999999999985	28.987499999999589	19.416666666666668	1.72	63.04	9.2333333333333183	0.60666666666666669	9.0704225352112768	4.9114285714285719	2.2171428571428602	0.37681159420292015	RK020	Rb	Ba	K2O	Th	Ta	Sr	La	Ce	Nb	Nd	P2O5	Hf	Zr	E	TiO2	Tb	Y	Yb	Ni	48.7	28.916666666666668	10.200000000000001	58	4.7058823529411784	1.7066176470588235	14.266666666666676	8.7000000000000011	4.4800000000000004	5.5750000000000002	5.3333333333333934	3.3600000000000003	117.11999999999999	1.55	0.36000000000000032	1.6619718309859155	1.2657142857142174	0.9142857142857147	0.31884057971016855	RK019	Rb	Ba	K2O	Th	Ta	Sr	La	Ce	Nb	Nd	P2O5	Hf	Zr	E	TiO2	Tb	Y	Yb	Ni	119.9	16	16.533333333332589	76.5	6.4705882352941524	1.0477941176469836	16.166666666666668	9.27	6.7200000000000006	5.45	1.0833333333333335	1.1199999999999484	42.92	1.1000000000000001	0.59333333333333338	1.1267605633803277	0.58000000000000007	0.64857142857145444	0.26086956521741	RK018	Rb	Ba	K2O	Th	Ta	Sr	La	Ce	Nb	Nd	P2O5	Hf	Zr	E	TiO2	Tb	Y	Yb	Ni	130.5	33.166666666665975	20.666666666666668	116	10.000000000000002	0.70882352941176452	17.766666666666666	10.1	8.2000000000000011	5.2624999999999975	1.3333333333333335	2.3199999999999967	77.2	0.90833333333333344	0.65333333333333365	0.83098591549295753	0.70285714285714251	0.74000000000000365	0.14492753623188406	RK017	Rb	Ba	K2O	Th	Ta	Sr	La	Ce	Nb	Nd	P2O5	Hf	Zr	E	TiO2	Tb	Y	Yb	Ni	15.7	19.416666666666668	3.0666666666666669	55.5	1.1764705882353041	8.6235294117647054	40.93333333333333	18.22	0.96000000000000063	12.350000000000026	111.66666666666667	0.96000000000000063	39.6	3.8166666666666567	8.6666666666667766E-2	4.5492957746478924	4.2171428571428455	3.1828571428571442	0.31884057971016855	RK016	Rb	Ba	K2O	Th	Ta	Sr	La	Ce	Nb	Nd	P2O5	Hf	Zr	E	TiO2	Tb	Y	Yb	Ni	142.19999999999999	28.333333333332789	20.866666666666667	110	8.2352941176470598	1.151470588235294	18.5	10.42	8.0400000000000009	6.0624999999999956	0.75000000000001465	2	61.92	1.1416666666666668	0.63333333333333364	1	0.45714285714287062	0.57142857142860004	0.19565217391303613	RK015	Rb	Ba	K2O	Th	Ta	Sr	La	Ce	Nb	Nd	P2O5	Hf	Zr	E	TiO2	Tb	Y	Yb	Ni	147.1	26.166666666666668	20.066666666666666	108	8.8235294117647047	1.1235294117647059	20.566666666666666	11.78	7.8400000000000007	6.6749999999999945	0.58333333333333337	1.44	56.720000000000013	1.3	0.64000000000002488	1.1408450704225361	0.52857142857142869	0.61714285714286365	0.25362318840579673	RK014	Rb	Ba	K2O	Th	Ta	Sr	La	Ce	Nb	Nd	P2O5	Hf	Zr	E	TiO2	Tb	Y	Yb	Ni	165.1	26	25.8	100	9.4117647058823533	1.234558823529412	18.599999999999987	10.55	7.8	5.6874999999999956	1.1666666666666667	2.2800000000000002	70.72	1.1250000000000002	0.66000000000002734	1.1267605633803277	0.58285714285711632	0.6857142857142855	0.2318840579710145	RK013	Rb	Ba	K2O	Th	Ta	Sr	La	Ce	Nb	Nd	P2O5	Hf	Zr	E	TiO2	Tb	Y	Yb	Ni	163.6	25.583333333331762	25.933333333332108	96	8.2352941176470598	1.2183823529411764	17.866666666666667	10.370000000000006	7.88	5.6874999999999956	1.1666666666666667	2	72.679999999999978	1.1416666666666668	0.64666666666666661	1.1126760563380282	0.58000000000000007	0.66000000000002734	0.26086956521741	RK012	Rb	Ba	K2O	Th	Ta	Sr	La	Ce	Nb	Nd	P2O5	Hf	Zr	E	TiO2	Tb	Y	Yb	Ni	146.80000000000001	30	23.466666666666669	93	8.2352941176470598	1.4124999999999457	19.466666666666629	11.380000000000004	7.9599999999999991	6.3249999999999655	2.7500000000000004	2.56	90.039999999999992	1.4083333333333334	0.68	1.3943661971830978	0.76571428571428568	0.74000000000000365	0.24637681159420291	RK011	Rb	Ba	K2O	Th	Ta	Sr	La	Ce	Nb	Nd	P2O5	Hf	Zr	E	TiO2	Tb	Y	Yb	Ni	145.1	29.166666666666668	22.933333333332108	92	7.0588235294117636	1.4169117647058822	19	11.55	7.68	6.8624999999999945	3.666666666666667	2.44	94.47999999999999	1.575	0.65333333333333365	1.6056338028169013	0.89714285714285713	0.81428571428571461	0.23913043478261545	REE

Primitive MORB


RK045	Rb	Ba	K2O	Th	Ta	Sr	La	Ce	Nb	Nd	P2O5	Hf	Zr	E	TiO2	Tb	Y	Yb	Ni	27.4	22.75	7.2000000000000011	11.500000000000002	1.1764705882353041	2.1176470588235294	2.9333333333333336	1.6300000000000001	1.1599999999999606	0.96250000000000002	1.9166666666666667	0.91999999999999993	35.08	0.35833333333333334	0.12666666666666668	0.2394366197183099	0.17714285714285721	0.16285714285714822	0.14492753623188406	RK044	Rb	Ba	K2O	Th	Ta	Sr	La	Ce	Nb	Nd	P2O5	Hf	Zr	E	TiO2	Tb	Y	Yb	Ni	23.5	21.75	6.4666666666666694	17	2.3529411764705777	0.44632352941176484	3.9666666666666668	2.3199999999999967	2.04	1.3	3	2.6	100.28	0.39166666666668404	0.29333333333333333	0.39436619718311866	0.27714285714286951	0.28000000000000008	0.14492753623188406	RK043	Rb	Ba	K2O	Th	Ta	Sr	La	Ce	Nb	Nd	P2O5	Hf	Zr	E	TiO2	Tb	Y	Yb	Ni	3.3	2.1666666666666665	0.53333333333333333	5.9999999999999991	0.58823529411762543	7.8022058823529408	1.9333333333333333	1.1099999999999555	0.36000000000000032	0.61250000000000004	0.66666666666666674	0.12000000000000002	4.76	0.14166666666666669	3.333333333333334E-2	0.15492957746478875	0.11142857142857172	8.2857142857143046E-2	0.14492753623188406	RK042	Rb	Ba	K2O	Th	Ta	Sr	La	Ce	Nb	Nd	P2O5	Hf	Zr	E	TiO2	Tb	Y	Yb	Ni	98.2	16.166666666666668	13.866666666667156	76	7.0588235294117636	2.5551470588235294	16.566666666666666	10.310000000000002	6.2799999999999994	5.5624999999999956	1.3333333333333335	3.6	135.07999999999998	1.2666666666666668	0.54666666666666652	1.380281690140845	0.87142857142860064	0.82857142857142863	0.18115942028985507	RK041	Rb	Ba	K2O	Th	Ta	Sr	La	Ce	Nb	Nd	P2O5	Hf	Zr	E	TiO2	Tb	Y	Yb	Ni	17	4.4166666666666714	2.3333333333333335	12.5	1.1764705882353041	4.2433823529411834	6.0666666666666664	3.4	0.88000000000000012	1.85	0.66666666666666674	0.36000000000000032	9.84	0.38333333333333336	8.0000000000000043E-2	0.38028169014086455	0.28000000000000008	0.23714285714285721	0.14492753623188406	RK040	Rb	Ba	K2O	Th	Ta	Sr	La	Ce	Nb	Nd	P2O5	Hf	Zr	E	TiO2	Tb	Y	Yb	Ni	4.3	2.4166666666666567	0.73333333333333361	9.5000000000000018	0.58823529411762543	3.5617647058824931	3.3000000000000003	1.7600000000000002	0.68	1.0249999999999593	1.25	0.88000000000000012	29.8	0.30833333333333335	5.3333333333334523E-2	0.30985915492957788	0.29428571428571432	0.20285714285714931	0.14492753623188406	RK039	Rb	Ba	K2O	Th	Ta	Sr	La	Ce	Nb	Nd	P2O5	Hf	Zr	E	TiO2	Tb	Y	Yb	Ni	41.2	21.666666666666668	4.666666666666667	31	3.5294117647058818	3.0477941176471783	7	4.08	3.6399999999999997	2.2250000000000001	1.5833333333333335	0.48000000000000032	19.64	0.55000000000000004	0.25333333333333324	0.52112676056338025	0.34	0.25714285714286728	0.52898550724637683	RK038	Rb	Ba	K2O	Th	Ta	Sr	La	Ce	Nb	Nd	P2O5	Hf	Zr	E	TiO2	Tb	Y	Yb	Ni	30.1	18.416666666666668	3.4666666666666668	20.499999999999989	2.3529411764705777	2.9375	5	2.84	2.7600000000000002	1.575	1.25	0.4	14.4	0.4	0.2	0.36619718309859156	0.24857142857143719	0.20285714285714931	0.58695652173910373	RK037	Rb	Ba	K2O	Th	Ta	Sr	La	Ce	Nb	Nd	P2O5	Hf	Zr	E	TiO2	Tb	Y	Yb	Ni	40.700000000000003	37.583333333333336	4.5333333333334034	27.5	3.5294117647058818	6.1301470588235301	7.2	3.9099999999999997	3.5200000000000005	2.3124999999998761	1.75	0.48000000000000032	18.119999999999997	0.55000000000000004	0.23333333333333744	0.52112676056338025	0.36285714285714282	0.26571428571429656	0.50724637681159424	REE

Pri mitive MORB


RK030	Rb	Ba	K2O	Th	Ta	Sr	La	Ce	Nb	Nd	P2O5	Hf	Zr	E	TiO2	Tb	Y	Yb	Ni	123.4	90.5	27.266666666666666	78	5.2941176470585276	5.1992647058824124	9.8000000000000025	6.0299999999999985	4.76	3.8624999999999967	3.166666666666667	3.6799999999999997	128.36000000000001	1.0166666666666666	0.37333333333333335	0.92957746478873249	0.48000000000000032	0.47142857142858691	0.14492753623188406	RK029	Rb	Ba	K2O	Th	Ta	Sr	La	Ce	Nb	Nd	P2O5	Hf	Zr	E	TiO2	Tb	Y	Yb	Ni	124.6	84.833333333333258	26.133333333332889	75.5	5.2941176470585276	5.0772058823529411	8.5666666666667268	5.24	4.5999999999999996	3.3374999999999977	2.5833333333333401	4.04	134.52000000000001	0.90833333333333344	0.38000000000001088	0.80281690140845052	0.43142857142859142	0.42285714285714288	0.14492753623188406	RK028	Rb	Ba	K2O	Th	Ta	Sr	La	Ce	Nb	Nd	P2O5	Hf	Zr	E	TiO2	Tb	Y	Yb	Ni	72.900000000000006	61.416666666663637	16.533333333332589	41.5	2.3529411764705777	9.6073529411763889	6.9666666666666694	4.3199999999999985	2.12	2.6875000000001044	1.75	2.44	85.88	0.73333333333333361	0.1866666666666667	0.647887323943662	0.36285714285714282	0.32857142857142857	0.14492753623188406	RK027	Rb	Ba	K2O	Th	Ta	Sr	La	Ce	Nb	Nd	P2O5	Hf	Zr	E	TiO2	Tb	Y	Yb	Ni	55.2	46.5	13	36	2.3529411764705777	10.597794117647076	6.0333333333334034	3.55	1.52	2.0749999999999997	1.4166666666666659	1.8800000000000001	71.08	0.52500000000000002	0.13333333333333341	0.50704225352112675	0.29142857142858825	0.2657142857142985	0.14492753623188406	REE

Primitive MORB



RK047	Cs	Rb	Ba	U	Th	Ta	Nb	La	Ce	Sr	Nd	Hf	Zr	Sm	Tb	Y	Pb	157.89473684210787	50.232558139537339	111.90476190476191	322.22222222222194	186.45833333334087	44.186046511627794	43.548387096774192	147.88732394367241	126.5263157894737	12.330434782608776	95.736434108527078	48.285714285714285	55.818181818181863	54	19.797979797979796	0.78850102669404565	126.76056338028172	RK046	Cs	Rb	Ba	U	Th	Ta	Nb	La	Ce	Sr	Nd	Hf	Zr	Sm	Tb	Y	Pb	242.10526315789471	54.418604651160322	5.1587301587301555	170.37037037037041	172.91666666666652	58.139534883720962	53.387096774191974	83.521126760563376	65.368421052626616	5.9434782608695684	44.108527131782942	20.285714285712668	23.472727272725024	23.766233766233729	10.80808080808082	6.1396303901437514	240.84507042253526	REE
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Fig. 3: Geological map of the ARG showing sample location
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Fig. 5: Correlation Chart of all Outcrops Studied showing their Locations, Formations and Groups.
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