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Petrology framework of Guido-Gormaya dolerite dyke (North-Cameroon, central Africa): petrogenesis and geodynamic implications

Abstract
[bookmark: _GoBack]	The local basement of Guido-Gormaya locality in the northern Cameroon at Poli region is transected by numerous doleritic dykes of NW-SE and N-S trending directions. Doleritic dykes are extend along strike from 100 to 500 m and display 4 to 10 m, up to 40 m in size. Petrographic study show that studied dolerites are coarse greenish and exhibit ophitic to sub-ophitic and intersertal textures. They are composed of phenocrysts and microliths of plagioclase, amphibole, clinopyroxene and oxides. Microprobe mineral analyses have shown that plagioclase composition vary widely from albite, oligoclase, and andesine to labrador. Clinopyroxene is augite type exhibiting wide variation contents between Al2O3, TiO2 and Na2O. Whole rocks geochemical analyses trough ICP-AES and ICP-MS methods have distinguished dolerites of trachyandesite, trachyte and rhyolite composition of quartz normative and low Mg-number. Magmas should have been differentiated trough fractional crystallization coupled with crustal materials contamination or mixing processes for some ones. Guido-Gormaya dolerites belong to orogeny type basalts originated from phlogopite-bearing E-MORB type magmatic source at shallow depth, which have experienced a relatively high partial melting rate. Studied dolerites are orogenic basalts, fingerprints of an extensional phase of a specific regional-scale tectonic event which is supposed to be a mantle plume impact.
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1. Introduction

Guido-Gormaya villages belong to Poli region in northern Cameroon (Fig. 1). The basement of those localities is part of the Western Cameroon Domain (WCD) of Central African Fold Belt (CAFB) and have experienced a long and complex crustal evolution beginning in the late Archean and extending to the late Neoproterozoic (Toteu, 1990 ; Toteu et al., 2001; Ngako et al., 2008). Toteu et al. (2004) have summarized the evolution of the Pan-African belt in central Africa through (1) a pre-collisional stage at 660–670 Ma), (2) a syn-collisional stage inducing crustal thickening  from 640 to 610 Ma and (3) a post-collisional stage at 600–570 Ma which ends at 545 Ma, in an extensional context. New insights from U-Pb dating on the clarification of the regional extension of the Congo Craton in SE Cameroon and in the SW Central African Republic (Toteu et al., 2022) demonstrate that the Poli basement stands as magmatic arc evolved through an early rifting at ca. 800 M.s. with formation of basin, a compressive stage between 630 and 580 M.a., a rapid uplift of the whole region followed by emplacement of high level plutons at 550 M.a. Despite the existence of petrological and geochrological data and a clear definition of most geotectonic units (Ngako et al., 2008), the lack of detailed petrology on some key material is need to provide precise information on the timing of the fragmentation period and on that of the convergence (Toteu, 1990), to better sustain the continent–continent collision model behind the geodynamic evolution of the CAFB (Toteu et al., 2004). Granites (545 M.a.), doleritic and micro granitic dykes, occurred in Poli (Toteu, 1990) and Guido-Gormaya area (this study). Dolerite dykes are considered worldwide as deep-level plumbing systems consisting of giant dyke swarms, sill provinces and layered intrusions thus can be linked to regional-scale uplift, continental rifting and breakup (Ernst et al., 2005). Therefore, dolerite dyke swarms as times markers (Peng, 2015) may help to solve the reconstruction of Precambrian terrains and thus being considered as key material for better understanding geodynamic interpretation and processes (Rajesh and Srivastava, 2011). Available petrological, isotopic, tectonic and geochronological data carried out on Poli area (Toteu et al., 1987; Toteu, 1990; Toteu et al., 2001; Ngako et al., 2008) clearly exhibit the scenario of Central Pan African Belt evolution in northern Cameroon. Detailed petrological and geochemical studies in some key materials as dolerite dykes which occur in Poli area should shed light on tectonic models proposed for the Pan African tectonic evolution in central Africa.
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Fig. 1. Geological sketch map of the Pan-African belt north of the Congo craton. Redrawn after Toteu et al. (2004). 1. Cenozoic volcanic rocks of the Cameroon line; 2. Mesozoic sediments; 3. Yaoundé domain (YD); 4. Western Cameroon domain (WCD); 5. Adamawa–Yadé domain (AYD); 6. Congo craton (CC); 7. Thrusts; 8. ults: TBSZ, Tcholliré–Banyo shear zone; CCSZ, central Cameroon shear zone; SSZ, Sanaga shear zone; SCSZ, southwest Cameroon shear zone.

Petrological frame work carries out on Guido-Gormaya dyke swarms is an opportunity to shine the light on less well understood of their tectonic significance occurrence, for better constrain the geological reconstitution history of the local basement.

2. Geological setting 

The Guido-Gormaya basement belongs to the Poli Group domain, part of the western Cameroon domain (WCD, Fig. 1), located west of the Tcholliré–Banyo shear zone (Toteu et al., 2004). The Poli group is knew as an early Neoproterozoic back-arc basin formed between 830 and 665 Ma (Toteu, 1990; Penaye et al., 2006) and is characterized by important development of juvenile rocks (Toteu et al., 2001). The Guido-Gormaya basement is composed of Poli Group granitoids including detrital and volcaniclastic deposits, tholeitic basalts and calc–alkaline rhyolites, diorites, granodiorites and granites (Ngako et al., 2008). The emplacement ages of these formations are between 660 and 580 Ma (Toteu, 1990; Toteu et al., 1987, 2001; Ngako et al., 2008). U–Pb dating of zircons from Neoproterozoic volcano-sedimentary sequences have shown that in the Poli basin, the depositional age is constrained between 700–665 Ma; detrital sources comprise ca. 920, 830, 780 and 736 Ma magmatic zircons (Toteu et al., 2006). Pan-African evolution in Cameroon have resumed through three main tectonic events: (1) crustal thickening; (2) left lateral wrench movements and (3) right lateral wrench movements (Toteu, 1990; Toteu et al., 2004; Ngako et al., 2008). In Poli region, these tectonic evens correspond to syntectonic granitoids occurrence of (1) D1 plutonic rocks (630-620 M.a.) of calc-alkaline affinity, (2) syn to late-tectonic D2 anatectic granites (600-580 M.a.) and (3) post-tectonic D3 granites (545 M.a.) and related doleritic and microgranitie dykes, all of alkaline composition (Toteu, 1990) so as the Godé granitic massif of Rb-Sr isochrone of 546 M.a. at Western Poli area. Toteu (1990) have suggested that these different tectonic evens witness the successive stages of (1) an early rifting (tholeiitic and alkalic magmatism) at ca. 800 M.s., the (2) compressive stage (calc-alkaline magmatism and anatexis) between 630 and 580 M.a., (3) rapid uplift of the whole region at 550 M.a. and (4) an active continental margin where early rifting led to the formation of marginal basins. Correlations of fieldwork and analytical data with previous results evidence the Temté dolerite dyke swarms north of Poli region as fingerprints of crustal extension accompanying regional uplift in an active continental margin (Mey Atour et al., 2020). The occurrence of dolerite dykes in Guido-Gormaya basement is a potential tool to decipher their tectonic significance relative to the geodynamic setting of Poli region.

3. ANALYTICAL METHODS

Ten thin sections (4 polished and 6 thin sections) for petrography study have been prepared from the most representative samples of the Gormaya dolerite dykes at the Laboratory of the Institute for Geological and Mining Research (IGMR) of Nkolbisson, Cameroon. Polished thin sections were analyzed with electron microprobe SX 100 of the University of Clermont-Ferrand, France. The operating conditions were: accelerating voltage of 15 kV and beam current of 40 nA; counting times: clinipyroxene: 20 s except Ti (30 s); plagioclase and K-feldspar: 10 s; titanomagnetite: Si, Ca, Ni: 10 s; Mn: 25 s; Cr: 15 s; Al: 30 s; Ti, Fe, Mg: 40 s. Standards used were a combination of natural and synthetic minerals. Data corrections were made using the PAP method (Pouchou and Pichoir, 1991). Major and trace element analyses of lavas were determined using 6 representative samples (Table 1) by ICP-AES and ICP-MS at the Acmel laboratory of Vancouver, Canada. The prepared sample is mixed with LiBO2/Li2B4O flux. Crucibles are fused in a furnace. The cooled bead is dissolved in ACS-grade nitric acid and analysed by ICP and/or ICP-MS. Loss on ignition (L.O.I.) is determined by igniting a sample split then measuring the weight loss. The geochemical data used in this work and depicted in various figures have been recalculated to 100 % on a L.O.I.-free with all Fe expressed as FeO*.

Table 1. Guido-Gormaya locations coordinates of representative dolerite dykes

	Locality
	Sample code
	Geographic coordinates
	Direction 
	Wide
	Length

	
	
	Begining
	End
	Altitude
	
	
	

	Guido-Gormaya
	B12
	N08°33’48.3’’
E13°02’45’’
	N08°34’15.8’’
E13°01’20.7’’
	324m
	N135
	1 to 10 m
	100 to 
400 m

	
	B15
	N08°33’43.6’’
E13°01’37.1’’
	N08°33’51.7’’
E13°01’33.3’’
	317m
	N115
	2 to 25 m
	

	
	B16
	N08°33’52.2’’
E13°01’31.3’’
	N08°33’50.2’’
E13°01'391.5’’
	325m
	N135
	2 to 35 m
	

	
	B17
	N08°33’55.6’’
E13°01’29’’
	N08°34’00’’
E13°01’26.2’’
	318m
	N135
	1 to 7 m
	



4. RESULTS

4.1. Field work and petrography
Field work carried out in Guido-Gormaya villages have revealed the occurrence of dolerite dykes swarms, cutting vertically to sub-vertically the granitoïds of the local basement. Individual dyke stands as arena of blocs and bowls of centimeters (20 to 80 cm) size (Fig. 2A and 2B) and coated by 0.3 to 1 cm-thick brown patina. Contacts between granitoids and dolerites are covered by angular blocs of dolerite materials. Whitish centimeters (3 to 5 cm) xenolith blocks of granitic composition are entrapped by ascended dolerite magmas. Hand specimens dolerite samples of greyish to dark-grey color show aphanitic to coarse grain features (Fig. 2C). The freshest samples are composed of up to 3 mm glittering plagioclase microliths, 3 to 5 mm feldspar crystals, 1 to 1.5 mm black clinopyroxene and oxides crystals (Fig. 2D). Dykes extend along strike from 100 to 500 m and 4 to 10 m and up to 40 m in thickness. Dolerite dykes crosscut the granitoids of the basement trough NW-SE and sometimes N-S trending directions (Fig. 3A) while linear segments along watercourses stand mainly according to NW-SE and E-W directions (Fig. 3B). Under polarized light of the microscope (Fig. 4), studied dolerite exhibit ophitic to sub-ophitic and intersertal textures. All dolerites are composed of phenocrysts and microliths of crowned (Fig. 4A and 4D) and skeletal (Fig. 4E and 4F) plagioclase (40 wt. %), sometime resorbed in cores (Fig. 4A, 4E and 4F). Some phenocrysts show oxides inclusion (Fig. 4D, 4E and 4F). Amphibole phenocrysts (2 to 5wt. %) are ovoid in feature and show oxides inclusion (Fig. 4C). Clinopyroxene phenocrysts (5 to 10 wt. %) exhibit skeletal and resorbed shape (Fig. 4E and 4F) with oxides inclusions. Some crystals have been uralitised. They mainly constitute the early formed oikocrysts on which are laid the latest crystalized minerals (see brown background of Fig. 4B). Oxides crystals (10 wt. %) are skeletal in shape with resorbed boundaries and cores (Fig. 4E and 4F). occurrence of xenocrysts is suspected.   
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Fig. 2. Guido-Gormaya dolerite dykes A,B : blocs and bowls and representative samples of grey and dark-grey matrix containing pyroxene and feldspar, respectively. 
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Fig. 3. A. Dolerite dyke swarms and B. Linear segments along watercourses directions.
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Fig. 4. Photomicrographs of studied dolerites under the polarized light showing ophitic to sub-ophitic and intersertal textures of studied dolerites. A: thin light corona around plagioclase crystals, B: large brownish clinopyroxene oikocryst gathering phenocrysts and microliths crystals of the lava, C: ovoid clinopyroxene crystal, D: skeletal phenocrystal of plagioclase with thin light corona, E and F: BSE image of studied doleride exhibiting E: skeletal and F: resorbed features of the present crystals.

4.2. Mineralogy 

Guido-Gormaya plagioclase analyses are shown in table 2 and presented in figure 5A. Plagioclase composition vary widely from albite, oligoclase, andesine to labrador. FeOt and K2O content are relative high, reaching 1.36 wt. % in oligoclase and up to 2.51 wt. % in andesine, respectively. Clinopyroxene analyses are shown in table 3. Classification scheme after Morimoto (1988) exhibit clinopyroxene of augite type composition (Fig. 5B). Decrease of CaO (wt. %) and increase of FeO (wt. %) are noticed from trachy-andesite to trachyte and trachyte to trachy-andesite, respectively. Wide variations are also noticed between Al2O3, TiO2 and Na2O contents for the same lavas (Fig. 6). Mg# (= 100*Mg/Mg+Fe) values are lower (60.97–73.94) in Guido-Gormaya clinopyroxene. 

Table 2. Representative plagioclase microprobe analyses of Guido-Gormaya dolerites.
	N°
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	Sample
	V3
	V3
	V5
	V5
	V5
	V5
	V5
	V5
	V5
	V5
	V5

	SiO2
	52.71
	54.74
	53.16
	57.07
	55.11
	60.32
	54.92
	56.47
	57.03
	61.83
	68.35

	Al2O3
	29.24
	28.10
	28.84
	26.54
	28.03
	25.09
	28.19
	27.22
	26.97
	24.25
	20.91

	FeOt
	1.09
	0.75
	1.36
	0.65
	0.76
	0.45
	0.48
	0.73
	0.72
	0.41
	0.36

	CaO
	12.43
	11.17
	8.57
	9.04
	10.92
	5.60
	10.89
	9.44
	9.01
	5.12
	1.12

	Na2O
	4.35
	4.75
	4.12
	5.82
	4.95
	6.95
	4.95
	6.15
	6.02
	8.47
	10.68

	K2O
	0.37
	0.49
	2.51
	0.69
	0.50
	1.36
	0.45
	0.50
	0.64
	0.16
	0.14

	Sum
	100.18
	100.00
	98.56
	99.82
	100.27
	99.77
	99.87
	100.49
	100.39
	100.24
	101.55

	

	Si (a.p.f.u.)
	2.393
	2.475
	2.447
	2.570
	2.483
	2.693
	2.482
	2.533
	2.555
	2.735
	2.944

	Al
	1.565
	1.497
	1.564
	1.409
	1.489
	1.320
	1.501
	1.439
	1.424
	1.264
	1.061

	Fe3+
	0.041
	0.028
	0.052
	0.024
	0.029
	0.017
	0.018
	0.027
	0.027
	0.015
	0.013

	Ca
	0.604
	0.541
	0.423
	0.436
	0.527
	0.268
	0.527
	0.453
	0.433
	0.243
	0.051

	Na
	0.383
	0.416
	0.368
	0.509
	0.433
	0.602
	0.434
	0.535
	0.523
	0.726
	0.892

	K
	0.021
	0.028
	0.148
	0.040
	0.029
	0.077
	0.026
	0.029
	0.036
	0.009
	0.007

	

	Or (wt. %)
	2.12
	2.86
	15.73
	4.05
	2.91
	8.16
	2.64
	2.81
	3.67
	0.93
	0.78

	Ab
	37.95
	42.23
	39.22
	51.67
	43.76
	63.56
	43.94
	52.59
	52.74
	74.26
	93.81

	An
	59.93
	54.91
	45.05
	44.28
	53.33
	28.28
	53.42
	44.60
	43.59
	24.81
	5.41



Table 3. Clinopyroxene microprobe chemical analyses of Guido-Gormaya dolerites.
	N°
	1
	2
	3
	4
	5
	6
	7
	8
	9
	1
	11
	12
	13
	14

	Sample
	V3
	V3
	V3
	V3
	V3
	V3
	V3
	V3
	V3
	V3
	V3
	V3
	V3
	V5

	SiO2
	50.16
	47.70
	51.09
	51.69
	50.04
	52.12
	50.28
	48.39
	47.67
	48.89
	48.17
	48.09
	48.76
	51.61

	TiO2
	1.48
	2.31
	0.77
	0.94
	1.59
	0.98
	1.29
	1.89
	2.34
	1.70
	1.93
	2.21
	1.97
	0.43

	Al2O3
	3.74
	4.91
	2.15
	2.59
	3.14
	2.15
	3.41
	4.81
	4.72
	4.70
	5.02
	4.93
	4.58
	2.19

	Cr2O3
	0.00
	0.02
	0.07
	0.05
	0.00
	0.08
	0.14
	0.00
	0.01
	0.14
	0.00
	0.00
	0.00
	0.00

	FeOt
	10.95
	11.41
	14.33
	11.46
	11.33
	10.54
	9.89
	10.46
	11.35
	10.24
	10.79
	10.60
	10.62
	12.05

	MnO
	0.36
	0.28
	0.54
	0.36
	0.37
	0.29
	0.23
	0.27
	0.34
	0.24
	0.19
	0.34
	0.29
	0.40

	MgO
	13.26
	12.63
	12.57
	15.22
	14.51
	16.79
	15.04
	13.41
	13.42
	13.40
	13.16
	13.15
	13.46
	12.64

	CaO
	19.27
	19.61
	17.26
	17.51
	17.89
	17.18
	18.72
	19.74
	18.91
	19.92
	19.55
	19.54
	19.60
	19.22

	Na2O
	0.50
	0.51
	0.43
	0.40
	0.48
	0.30
	0.38
	0.47
	0.55
	0.48
	0.46
	0.49
	0.48
	0.41

	Sum
	99.73
	99.38
	99.22
	100.23
	99.35
	100.43
	99.38
	99.46
	99.30
	99.72
	99.26
	99.34
	99.75
	99.93

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Si (a.p.f.u.)
	0.835
	0.794
	0.850
	0.860
	0.833
	0.867
	0.837
	0.805
	0.793
	0.814
	0.802
	0.800
	0.812
	0.859

	Ti
	0.019
	0.029
	0.010
	0.012
	0.020
	0.012
	0.016
	0.024
	0.029
	0.021
	0.024
	0.028
	0.025
	0.005

	Al
	0.073
	0.096
	0.042
	0.051
	0.062
	0.042
	0.067
	0.094
	0.092
	0.092
	0.098
	0.097
	0.090
	0.043

	Cr
	0.000
	0.000
	0.001
	0.001
	0.000
	0.001
	0.002
	0.000
	0.000
	0.002
	0.000
	0.000
	0.000
	0.000

	Fet
	0.152
	0.159
	0.200
	0.160
	0.158
	0.147
	0.138
	0.146
	0.158
	0.142
	0.150
	0.148
	0.148
	0.168

	Mn
	0.005
	0.004
	0.008
	0.005
	0.005
	0.004
	0.003
	0.004
	0.005
	0.003
	0.003
	0.005
	0.004
	0.006

	Mg
	0.329
	0.313
	0.312
	0.378
	0.360
	0.416
	0.373
	0.333
	0.333
	0.332
	0.326
	0.326
	0.334
	0.313

	Ca
	0.344
	0.350
	0.308
	0.312
	0.319
	0.306
	0.334
	0.352
	0.337
	0.355
	0.349
	0.348
	0.349
	0.343

	Na
	0.016
	0.016
	0.014
	0.013
	0.016
	0.010
	0.012
	0.015
	0.018
	0.016
	0.015
	0.016
	0.015
	0.013

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Mg/Mg+Fet
	68.33
	66.36
	60.97
	70.29
	69.53
	73.94
	73.05
	69.56
	67.81
	70.00
	68.50
	68.84
	69.30
	65.15

	En
	39.62
	37.95
	37.70
	44.19
	42.75
	47.65
	44.00
	39.88
	39.97
	39.88
	39.43
	18.43
	18.19
	20.89

	Fs
	18.98
	19.71
	25.06
	19.27
	19.35
	17.27
	16.62
	17.91
	19.55
	17.50
	18.47
	39.43
	39.96
	37.79

	Wo
	41.41
	42.34
	37.24
	36.54
	37.89
	35.07
	39.38
	42.20
	40.49
	42.62
	42.10
	42.15
	41.85
	41.32



Table 3. Clinopyroxene microprobe chemical analyses of Guido-Gormaya dolerites (end)
	N°
	15
	16
	17
	18
	19
	20
	21
	22

	Sample
	V5
	V5
	V5
	V5
	V5
	V5
	V5
	V5

	SiO2
	49.51
	49.88
	47.57
	48.29
	48.56
	48.11
	46.75
	48.85

	TiO2
	1.57
	1.15
	2.51
	2.09
	2.22
	2.10
	2.43
	1.89

	Al2O3
	3.48
	3.10
	5.75
	4.90
	5.02
	4.95
	6.01
	4.16

	Cr2O3
	0.00
	0.01
	0.02
	0.00
	0.11
	0.00
	0.04
	0.05

	FeOt
	10.79
	11.51
	11.26
	10.80
	10.60
	10.99
	11.87
	10.86

	MnO
	0.39
	0.38
	0.26
	0.21
	0.25
	0.24
	0.27
	0.23

	MgO
	13.56
	13.64
	13.33
	13.02
	13.16
	12.79
	12.86
	13.04

	CaO
	19.33
	19.01
	19.24
	19.82
	19.84
	19.54
	18.50
	19.82

	Na2O
	0.53
	0.51
	0.51
	0.46
	0.44
	0.51
	0.52
	0.55

	Sum
	99.15
	99.19
	100.45
	99.59
	100.21
	99.22
	99.26
	99.45

	
	
	
	
	
	
	
	
	

	Si (a.p.f.u.)
	0.824
	0.830
	0.792
	0.804
	0.808
	0.801
	0.778
	0.813

	Ti
	0.020
	0.014
	0.031
	0.026
	0.028
	0.026
	0.030
	0.024

	Al
	0.068
	0.061
	0.113
	0.096
	0.098
	0.097
	0.118
	0.082

	Cr
	0.000
	0.000
	0.000
	0.000
	0.001
	0.000
	0.001
	0.001

	Fet
	0.150
	0.160
	0.157
	0.150
	0.148
	0.153
	0.165
	0.151

	Mn
	0.006
	0.005
	0.004
	0.003
	0.004
	0.003
	0.004
	0.003

	Mg
	0.336
	0.338
	0.331
	0.323
	0.327
	0.317
	0.319
	0.323

	Ca
	0.345
	0.339
	0.343
	0.353
	0.354
	0.348
	0.330
	0.353

	Na
	0.017
	0.016
	0.016
	0.015
	0.014
	0.017
	0.017
	0.018

	
	
	
	
	
	
	
	
	

	Mg/Mg+Fet
	69.12
	67.86
	67.84
	68.23
	68.87
	67.47
	65.88
	68.15

	En
	18.62
	19.65
	19.23
	18.49
	18.18
	19.01
	20.67
	18.58

	Fs
	40.19
	40.13
	39.64
	38.92
	39.27
	38.59
	39.00
	38.91

	Wo
	41.19
	40.22
	41.13
	42.59
	42.56
	42.39
	40.33
	42.51
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Fig. 5. A. Plagioclase and B. Clinopyroxene composition of Guido-Gormaya dolerites
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Fig. 6. Al2O3-Na2O-TiO2 variation diagrams of Clinopyroxene composition of Guido-Gormaya dolerites.

4.3. Geochemistry
Whole rocks geochemical analyses of Guido-Gormaya dolerites are listed in table 4 and their nomenclature is presented in IUGS TAS (Na2O + K2O) vs. SiO2 diagram (Fig. 7) after Le Maître (2002). LOI of all samples is low (between 0.9 and 1.7 wt. %), attesting of any alteration feature of Guido-Gormaya dolerites. Studied rocks are distinguished to trachyandesite, trachyte and rhyolite. SiO2 contents of representative samples are relatively high (61.86-75.16 wt. %) and decrease from trachyandesite to rhyolite so as contents of all major element analyses. Contents of TiO2 are low (0.10-1.05 wt. %) and alkali ones (Na2O + K2O) are very high (7.87-6.80 wt. %). MgO contents are low in all lavas (0.03-1.33 wt. %) and correspond to low calculated Mg-number values (Mg#=100*(MgO/40.32) / ((MgO/40.32) + (FeOt/71.87)) which also decrease from trachyandesite to rhyolite (26.52 to 2.64 %). All studied samples are quartz normative lavas as shown the values of CIPW norm calculations. 

Table 4. ICP-MS and ICP-AES geochemical analyses of Guido-Gormaya dolerites

	Rock
	Trachyandesite
	Trachyte
	Trachyte
	Rhyolite

	Coodinate
	N08°33’48.3’’
	N08°33’52.2’’
	N08°33’55.6’’
	N08°33’43.6’’

	
	E13°02’45’’
	E13°01’31.3’’
	E13°01’29’’
	E13°01’37.1’’

	SiO2 (wt. %)
	61.86
	68.57
	68.71
	75.16

	TiO2
	1.05
	0.28
	0.28
	0.10

	Cr2O3
	<0.002
	<0.002
	<0.002
	<0.002

	Al2O3
	15.28
	14.25
	14.37
	12.38

	Fe2O3
	6.57
	3.86
	3.89
	1.97

	MnO
	0.12
	0.08
	0.07
	0.06

	MgO
	1.33
	0.13
	0.13
	0.03

	CaO
	3.51
	1.23
	1.20
	0.55

	Na2O
	4.23
	4.10
	4.12
	4.09

	K2O
	3.64
	5.54
	5.68
	4.58

	P2O5
	0.40
	0.05
	0.04
	0.01

	LOI
	1.7
	1.7
	1.3
	0.9

	Sum
	99.81
	99.84
	99.83
	99.88

	

	Mg#
	26.52
	5.66
	5.62
	2.64

	

	Fe2O3/FeO
	0.15
	0.30
	0.30
	0.30

	Quartz
	12.17
	18.92
	18.45
	31.57

	Orthoclase
	21.51
	32.74
	33.57
	27.07

	Albite
	35.79
	34.69
	34.86
	34.61

	Anorthite
	11.95
	4.12
	3.94
	1.89

	Diopside
	2.42
	1.47
	1.55
	0.68

	Hypersthene
	9.49
	4.48
	4.46
	2.33

	Magnetite
	1.13
	0.67
	0.67
	0.34

	Ilmenite
	1.99
	0.53
	0.53
	0.19

	Apatite
	0.93
	0.12
	0.09
	0.02

	Mg#
	26.52
	5.66
	5.62
	2.64

	

	Ba (ppm)
	798
	317
	306
	79

	Ni
	<20
	<20
	<20
	<20

	Sc
	8
	5
	5
	2

	Be
	7
	<1
	6
	<1

	Co
	10.5
	0.9
	0.8
	<0.2

	Cs
	6.3
	3.1
	2.3
	1.7

	Ga
	20.8
	21.3
	21.7
	22.5

	Hf
	8.9
	14.6
	14.3
	9.4

	Nb
	27.2
	33.4
	34.0
	53.4

	Rb
	149.3
	180.6
	182.8
	184.4

	Sn
	3
	3
	3
	5

	Sr
	378.0
	32.3
	29.2
	9.1

	Ta
	1.8
	2.0
	2.1
	3.6

	Th
	9.1
	13.0
	13.2
	18.0

	U
	2.3
	3.2
	3.3
	4.7

	V
	57
	<8
	<8
	<8

	W
	2.2
	<0.5
	0.7
	0.5

	Zr
	345.3
	609.9
	579.4
	231.5

	Y
	40.9
	39.3
	39.8
	82.5

	La
	47.6
	65.9
	67.7
	52.6

	Ce
	97.9
	134.6
	134.6
	117.7

	Pr
	11.81
	15.44
	15.24
	15.10

	Nd
	46.5
	56.2
	55.8
	60.0

	Sm
	9.41
	10.49
	10.53
	14.03

	Eu
	2.07
	1.05
	1.02
	0.53

	Gd
	8.52
	8.80
	8.66
	13.67

	Tb
	1.31
	1.30
	1.30
	2.31

	Dy
	7.47
	7.42
	7.49
	14.30

	Ho
	1.50
	1.45
	1.46
	2.91

	Er
	4.36
	4.12
	4.12
	8.62

	Tm
	0.61
	0.58
	0.60
	1.26

	Yb
	3.92
	3.79
	3.82
	8.20

	Lu
	0.59
	0.56
	0.56
	1.24

	Mo
	1.6
	3.1
	3.9
	0.8

	Cu
	3.3
	5.0
	5.6
	3.0

	Pb
	7.8
	9.1
	18.3
	11.3

	Zn
	107
	135
	105
	107

	Ni
	0.9
	0.2
	0.2
	0.3

	As
	<0.5
	<0.5
	<0.5
	<0.5

	Cd
	<0.1
	0.5
	<0.1
	<0.1

	Sb
	<0.1
	<0.1
	<0.1
	<0.1

	Bi
	0.3
	<0.1
	0.2
	<0.1

	Ag
	<0.1
	<0.1
	<0.1
	<0.1

	Au
	1.6
	<0.5
	2.3
	<0.5

	Hg
	<0.01
	<0.01
	<0.01
	<0.01

	Tl
	0.6
	0.1
	0.2
	0.1

	Se
	<0.5
	<0.5
	<0.5
	0.5

	(Ce/yb)n
	6.46
	9.20
	9.12
	3.76

	Nb/Ta
	15.11
	16.70
	16.19
	14.83

	Zr/Hf
	38.80
	41.77
	40.52
	24.63
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Fig. 7. TAS classification diagram of Guido-Gormaya dolerites after Le Maitre (2002).

Contents of Ni (< 20 pmm), Co (10.5 ppm in trachyandesite and < 1 ppm in the rest of lavas), V (57. 0 ppm in trachyandesite and < 8 ppm in the rest of lavas) and Cu (between 3.0 and 5.6 pmm), compatible elements of transitional group are very low and sometimes below the detection limit. 
Contents of incompatibles trace elements of Guido-Gormaya dolerites overall decrease from trachyandesite to rhyolite lavas. Relatively constant values of incompatible trace elements are found in trachyte. Contents of alkali-earth and alkali elements Sr (378.0 to 9.1 ppm) and Ba (798-79 ppm) are high in trachyandesite than in rhyolite ones excepted Rb (149.3-184.4 ppm). Values of Rb/Ba are high in trachyandesite and very low in rhyolite (0.4) with constant values in trachyte (1.7-1.8) while ratios of Rb/Sr increases from trachyandesite (0.4) to rhyolite lavas (20.3). Intermediate values are found in trachyte (5.6-6.3). Y contents are low in trachyandesite (40.9 ppm) compared to rhyolite (82.5 ppm) with constant and relatively low values in trachyte lavas (39.6-69.8 ppm). Nb contents vary from 27.2 ppm in trachyandesite to 53.4ppm in rhyolite and low values in trachyte (33.4-34.0 ppm) and Ta contents increase from trachyandesite (1.9 ppm) to rhyolite (3.6 ppm) with mean values found in trachyte (2.0-2.1ppm). Zr contents are higher in trachyte (609.9-579.4 ppm) compared to trachyandesite (345.6 ppm) and rhyolite (231.5 ppm). Hf contents are low and relatively constant in trachyandesite and rhyolite (8.9 and 9.4 ppm, respectively) and relatively high in trachyte (14.3-14.6 ppm). Th contents are low and increase from trachyandesite (9.1 ppm) to rhyolite (18.0 ppm) with relatively mean value found in trachyte (13.0-13.2 ppm). Y/Nb ratios are high in Guido-Gormaya dolerite (1.2-1.5) while Nb/Ta and Zr/Hf are relatively constant in trachyandesite (Nb/Ta =15.1 and Zr/Hf=38.8) and trachyte (Nb/Ta =16.2-16.7 and Zr/Hf=40.5-41.8). Values of those ratios low in rhyolite (Nb/Ta =14.8 and Zr/Hf=24.6). Th/Yb ratios are low in trachyandesite (2.3) and rhyolite (2.2) compare to trachyte (3.4-3.5). Guido-Gormaya dolerites are plotted in the field of orogeny basalts in Th–3Tb–2Ta (Fig. 8A) diagram after Cabanis and Thiéblemont (1988). 
[image: ]
Fig. 8. Primitive mantle-normalized multi-element diagrams for the Guido-Gormaya dolerites; primitive mantle data after McDonough and Sun (1995).

Patterns of normalized REE according to McDonough and Sun (1995) of Guido-Gormaya dolerites are shown in Figure 8A. A regular decrease of REE ratios from LREE to HREE in shown and so as a pronounced Eu negative (0.11 in rhyolite, 0.33 in trachyte and 0.70 in trachyandesite) anomalies (Eu/Eu*= Eun/(Smn*Gdn)1/2). Those patterns are characterized by high content of HEE reaching ten times the mantle values while La remain higher (100 times the mantle values). (Ce/yb)n ratios are low in trachyandesite (6.64) and rhyolite (3.76) and relatively high in trachyte (9.12-9.20). Values of (Tb/Yb)n ratios (1.5) are low in trachyandesite and trachyte and lower in rhyolite (1.2). Spider diagram of studied dolerites trace elements normalized to McDonough and Sun (1995) is shown in Figure 8B. Overall decreased values of incompatible to compatible elements is noticed. Pronounced negative anomalies are shown in Ba, Nb, Ta, P, Sr and Ti. Rb and K ratios are high and closed to 300 and 200 times their respective mantle values. 

5. DISCUSSION

5.1. Geodynamic setting
Guido-Gormaya dolerites might have undergone the particular petrogenetic processes in specific geodynamic setting as suggested the petrography, mineralogy and geochemical framework carried out on those rocks. The thickness of studied dolerites (up to 40 m) correspond to that of giant dyke (Ernst et al., 2008), representing the deep-level plumbing systems of deeply eroded flood basalts of Large Igneous Provinces type (Ernst, 2011). Plotting of Guido-Gormaya dolerites in the field of orogenic basalts of Th–3Tb–2Ta diagram (Fig. 9a) after Cabanis and Thiéblemont (1988) is strong argument for tectonically activities such as mantle plume impact.  Occurrence of studied dolerites should thus attest an extensional phase of a specific regional-scale tectonic event which have affected the local basement and beyond. The second main deformation phase of WCD between 660 and 580 Ma (Toteu et al. 1987; 2001) of the Pan-African orogeny is proposed behind the occurrence of Guido-Gormaya dolerites, remembering that studied dolerites exhibit similar trending directions with folds vertical axes of D2 described at the western Poli region (Toteu (2004; Dumont et al., 1985). 
[image: ]
Fig. 9. a: Guido-Gormaya dolerites plotted in Th–3Tb–2Ta diagram after Cabanis and Thiéblemont (1988), BAB: Back-Arc Basin Basalts, CT: Continental Tholeiites; 1. Orogenic Basalts, 2. Continental Tholeiites and Arc Basin Basalts and 3. Non orogenic Basalts. Only the mafic lavas must be considered. B. Th/Yb vs Nb/Yb diagram after Pearce (2008). Studied dolerites plot close to the deep–crustal recycling field in the MORB–OIB array. Same symbols as Figure 7. Tb/Yb)n vs Mg# diagram after Wang et al. (2002). Tb and Yb are normalized according to McDonough and Sun (1995). Same symbols as Figure 7. Studied dolerites are plotted in spinel field.

5.2. Petrogenetic processes   
Petrographic data consisting with the present of plagioclase xenocrysts showing glittering thin corona suggest the process of mixing or that of crustal contamination undergone by Guido-Gormaya dolerites. Skeletal shape, resorbed boundaries and cores or uralitization of some minerals are characteristic features of dolérite lavas affected by second processes other than partial melting or fractional crystallization. Continuous variable composition noticed in plagioclase and clinopyroxene analyzed in Guido-Gormaya dolerites are strong arguments for fractional crystallization process undergone by those lavas. The same observation can be retained when considering major elements geochemical variation so as the low Mg-number and that of transitional group elements of studied lavas. Olivine, clinopyroxene and mainly plagioclase phase may have played important role for fractional crystallization process as attested the pronounced Eu-negative anomalies (Fig. 8B). Guido-Gormaya dolerites have certainly been affected by crustal contamination as shown by Figure 8B. Studied lavas share similar characteristic features with continental flood basalts as Nb-Ta-Ti anomalies, low-Ti contents and low water contents of lavas, and major elements reflecting the control of magma differentiation by olivine, clinopyroxene and plagioclase fractionation (Arndt et al., 1993).  The model of Assimilation and Fractional Crystallization (AFC) is proposed for Guido-Gormaya dolerites magma differentiation. Ratios of (Ce/Yb)n of Guido-Gormaya dolerites are low and relatively high Zr/Nb (up to 18.3) ratios and low Zr/Y (1.5-15.5) ratios attest the high partial melting rate undergone by dolerites mantle source as proposed by Menzies et al. (1991). 
Studied lavas should have been contaminated in a magma chamber located at crustal depth trough AFC model, after been removing from the mantle source. If one consider that La/Ta varies from 10 to 29 in uncontaminated rock (Thompson and Morrison, 1988), only trachytic lavas are considered contaminated by crustal material. Nb/U ratios and Ce/Pb ratios of studied dolerites are respectively between 10-12 and 7-15. Those element-element ratios (after Hofmann et al., 1986) are low compared to MORB-OIB mantle sources (47 ± 10 and 25±5). Only Ce/Pb ratios are closed to primitive mantle values (Ce/Pb=9) while Nb/U ratios are closed to mantle values (Nb/U = 10) according to Hofmann et al. (1986). This means that Guido-Gormaya dolerites are products of E-MORB mantle source and have been contaminated by crustal materials. In K2O/Th vs La/Ta diagram (Menzies et al., 1991), Guido-Gormaya dolerites (Figure not shown) fall along the lower crustal contamination array. Nb and Ta negative anomalies are inferred to reflect contributions from the continental crust. For this study, this can be interpreted as a contamination of the head of the ascended mantle plume by the lower continental crust.

5.3. Magma source characteristic
Guido-Gormaya dolerites belong to orogeny type basalts (Fig. 8B) originated from E-MORB type magmatic source as shown in Figure 9 B. This source seem to be shallow as attested by relatively high contents of compatible elements and their location in spinel-stability field (Fig. 8C). E-MORB source as proposed here is probable when considering the high contents of alkali, the location of studied dolerites in the field of orogeny basalts of Th–3Tb–2Ta (Fig. 9A) diagram and regular variation of mineral composition especially clinopyroxene (Fig. 5B). Wide variation of clinopyroxene composition (Figure 6 and 10) have been used to discriminate magma source from different tectonic setting (Nisbet, 1977). Based on this view, magma source of Guido-Gormaya dolerites should be mantle plum as the clinopyroxene variation range from enriched component similar to ocean islands to depleted compositions of mid-ocean ridge basalts source. The location of studied dolerites in the spinel stability field (Fig. 9C) and high contents of HREE (Fig. 8), attest the shallow mantle source which have experienced a relatively high partial melting rate as proposed in this study, probably enriched-MORB source. This source should also be phlogopite-bearing as indicated by low Ba/ Rb (< 20) and Rb/Sr ratios higher than 0.1 (Furman and Graham 1999) as recently proposed for Temté dolerites mantle source (Mey Atour et al., 2020).       

[image: ]
Fig. 10. Silica vs Alumina plot of clinopyroxene Guido-Gormaya dolerites



6. CONCLUSION
Framework carried out on petrography, mineralogy and geochemical analyses of Guido-Gormaya dolerites show that they belong to orogeny type basalts studied lavas and are fingerprints of local tectonic activity of extensional setting after impact of deep mantle plume. Studied dolerites display some continental tholeiite affinities which result from relatively high partial melting rate of shallow phlogopite-bearing mantle source of E-MORB type. Lavas have being differentiated mainly through fractional crystallization process and some ones have been contaminated by crustal materials. 
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