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Abstract

In Archean and Paleoproterozoic greenstone belts, ultrabasic (UB) rock occurrences are
commonly found in close association within basic and differentiated magmatic series. In the
Kedougou inlier (West African Craton), UB rocks are interbeded within the Birimian (2.1 Ga)
Mako tholeiitic series (basalts, gabbros). UBs are typically lherzolite, harzburgite and wehrlite,
characterized by their cumulative textures and relative proportions of chromite, olivine,
clinopyroxene, amphibole + orthopyroxene. Geochemical study (Major, REE and trace
elements in whole rocks and mineral (mainly clinopyroxene and amphibole) and Sr/Nd isotopic
records suggest the existence of different types of complexes. The first one consists of lherzolite
+ harzburgite assemblages whereas the second one consists of isolated wehrlite massifs. Both
complexes highlight two different geodynamic environments, the first association being
significantly more juvenile or mantle-related than isolated wehrlites which show more evolved
geochemical signatures.

UB rocks (dunite + wehrlite) of Loraboué (greenstone belt of Boromo, Burkina Faso)
associated with calc-alcaline series display the same mineralogical composition as the Mako
UB rocks but exhibit a different whole rock composition characteristics of mature island-arc
magmas and showing U-shaped REE pattern for both clinopyroxene and host rock, and a clear
negative Nb anomaly.

The Mako UBs suggest that this portion of the Birimian crust was built in an oceanic context
evolving from a MORB-like domain to an increasingly mature volcanic arc domain.
Keywords: Ultrabasic rocks, West African Craton, Birimian, Geochemistry, Sr-Nd isotopes,

Paleotectonic setting
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1. Introduction

In Archaean and Paleoproterozoic terranes, the petrogenetic models associated with genesis
of igneous rocks are essentially based on available data on basic (volcanic and plutonic), and
on granite-related lithologies, thanks to the extensive use of zircon isotopic signatures (U/Pb,
Lu/Hf). Their little occurences and the scarcity of reliable UB geochemical analysis made them
rarely integrated into the geodynamic models (e.g., Condie, 1994). UB constitute only a minor
component of the Archean and Paleoproterozoic greenstone belts (Furnes et al., 2015).
Outcrops are rare, scattered, relatively small and petrographically and geochemically
disconnected from the main mafic and aciditic sequences. As a result, crustal evolution models
rarely integrate the geochemical characteristics of UB rocks to further constrain the evolution

of the Earth crust (e.g., Albarede, 1998; Condie, 2000; Hawkesworth et al. 2013).

There are several interpretations for the emplacement and preservation of ancient UB rock
suites and there is an extensive debate regarding the geodynamic processes of their formation
(compilation in Olierook et al., 2018). The UB rocks have been interpreted as: (i) part of
ophiolitic complexes (Furnes et al., 2015); (ii) relics of Large Igneous Province-type Layered
Complex associated to deep continental crust (Yu et al., 2015; Grant et al., 2016) or arcs settings
(Jagoutz et al., 2006; Burg et al., 2009); (iii) roots of ultrabasic-basic (UB-B) arc complexes
like Alaskan-type (Grant et al., 2016; Yuan et al., 2017). Moreover, their formation have been
associated with various geodynamic environments: 1) back-arc suprasubduction zone ophiolite
(Myers et al., 1996; Furnes et al., 2015); ii) plume-enhanced back-arc basin (Pirajno and
Occhipinti, 2000); iii) an oceanic plateau (Pirajno, 2004); iv) an intracontinental rift setting

(Olierook et al., 2018).

In Africa, the UB series have been recognized in the Paleoproterozoic series of the southern
part of the West African Craton (WAC), which is structured in two separated domains
(Bessoles, 1977): (1) the Man rise, encompassing the Archean formations of the Liberia nucleus
(3.5 - 2.7 Ga) and the Paleoproterozoic (Birimian = 2 - 2.5 Ga) formations of the Baoulé¢-Mossi
domain; and (ii) the NW Birimian Kedougou and Kayes inliers (Fig. 1). In the WAC, the
Birimian formations of the Baoulé-Mossi and Kedougou-Kayes domains display two
petrographical and geochemical suites (Bessoles, 1977): (i) a magmatic UB-B suite (UB,
gabbros, basalts) of tholeiitic affinity; (ii) an ultramafic-mafic to differentiated suite (UB,

gabbro, granitoids, basalt, andesite, dacite, rhyolite) of calc-alkaline affinity.
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Although volcanic series and granitoids have been a subject of a very large number of
studies (Doumbia et al., 1998; Gasquet et al., 2003; Dioh et al., 2006; Gueye et al., 2008;
Lambert-Smith et al., 2016; Parra-Avila et al., 2017), UB rocks have received little attention
despite being described throughout the WAC (Fig. 1): in the Katiola-Marabadiassa belt (Ivory
coast; Pouclet et al., 2006) (Fig. 1, zone 1), in the Ashanti belt (Ghana; Loh and Hirdes, 1999;
Attoh et al., 2006; Dampare et al., 2019 (Fig. 1, zone 2), in the Boromo belt (Burkina Faso;
Béziat et al., 2000; Castaing et al., 2003) (Fig. 1, zone 3), in the Kadiolo belt (Mali; Sangar¢,
2008) (Fig. 1, zone 4), but especially in the Mako region (Eastern Senegal; Bassot, 1966; Dia,
1988; Ngom, 1995; Ngom et al., 1998 and 2010; Cissokho, 2010; Dabo et al., 2017; Fig. 1,

zone 5).

All the WAC UB occurrences have common characteristics, including forming slices
tectonically emplaced within the basic series as well as ranging in petrographic compositions
from dunites through to lherzolites, harzburgites and wehrlites. The proposed geodynamic
context associated with the UB rocks of the WAC remain controversial. According to the
published studies, the UB rocks are either interpreted as the cumulates associated with tholeiitic
volcanics (Ouédraogo, 1985; Dia, 1988; Ngom, 1995; Ngom et al., 1998; Pouclet et al., 2006;
Sangare, 2008; Ngom et al., 2010; Cissokho, 2010; Dabo et al., 2017), as being genetically
related to the calc-alkaline series (Béziat et al., 2000) or as the testimony of a ophiolitic supra-

subduction environment (Attoh et al. 2006; Dabo et al. 2017; Dampare et al. 2019).

In the Mako area in eastern Senegal, UB rocks are often mentioned as presenting tholeiitic
affinity. However, some divergences may exist in the definition of the magmatic geodynamic
context. Indeed, UB lithologies in Mako would be related to: 1) the lower unit of a lithospheric
fragment of the Birimian oceanic crust (ophiolite-like) with a marked tholeiitic affinity (OIB or
N-MORB, Dabo et al., 2017); or interpreted as ii) cumulates from a basaltic and gabbroic
tholeiitic melt, either N-MORBs or oceanic plateau basalts (Ngom, 1995; Ngom et al., 1998
and 2010; Cissokho, 2010). In the Loraboué¢ massif of Burkina Faso UB rocks are interpreted
to have developed in conjunction with calc-alkaline series within an arc context (Béziat et al.,

2000).

This study presents new petrographic, mineralogical, geochemical (whole rock and in-situ
mineral major and trace elements) and isotopic data on UB rocks from the Mako and Loraboué
areas. The results of these analyses are then compared in order to discuss the geodynamic

context in which the UB occurrences within the WAC may have developed.
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2. Geological context
2.1. Kedougou - Kenieba Inlier

The Birimian Kedougou - Kenieba Inlier (KKI) (Fig. 2) located in eastern Senegal and
western Mali is bounded on its western part by the Hercynian Mauritanides and unconformably
overlain by Neoproterozoic sediments of the Taoudeni basin (Bassot, 1966). The
Paleoproterozoic formations of the KKI are classicaly outcropping? within two series trending
NNE-SSW: the western series of the Mako greenstone belt and the eastern series of the Diale-
Dalema basin (Bassot, 1966). Towards the east, the Diale-Dalema is subdivided into the Faleme
Volcanic belt and the Kofi basin (Lawrence, 2010; Lawrence et al., 2013; Lambert-Smith et al.,
2016; Masurel et al., 2017). During the Eburnean orogeny (= 2.0 Ga, Bonhomme, 1962), the
KKI have encompassed polycyclic deformation phases and a widespread low-pressure
greenschist metamorphism, except the surrounding zone of the granitic plutons where

metamorphic conditions reach amphibolite facies (Bassot, 1966; Masurel et al., 2017).

The boundary between the western series of the Mako belt and the eastern series of the
Diale-Dalema is tectonic and marked by a regional fault system, 20 to 30 km wide striking
NNE-SSW (Fig. 2) and called by Ledru et al. (1989) the “Main Transcurrent Zone” (MTZ) (see
also Gueye et al., 2007 and 2008; Théveniaut et al., 2010). In this area, the series are strongly
deformed, leading to the disorientation of the original pattern, and locally to a juxtaposition of
tholeiitic and calc-alkaline magmatic, suites, like those described in Ghana by Sylvester and
Attoh, (1992) and in Burkina Faso by Béziat et al. (2000). The UB occurrences are located in
this high strain zone (MTZ) around the Mako village.

2.2. Geology of the Mako area

The Mako Belt have been the subject of numerous studies (Bassot, 1966; Diallo, 1983;
Debat et al., 1984; Ngom, 1985; Dioh, 1986; Dia, 1988; Ngom, 1989; Abouchami et al., 1990;
Dioh et al., 1990; Boher et al., 1992; Diallo, 1994; Dioh, 1995; Ngom, 1995; Ngom et al., 1998;
Dioh et al., 2006; Pawlig et al., 2006; Gueye et al., 2007; Ngom et al., 2007; Gueye et al., 2008;
Ngom et al., 2010; Cissokho, 2010; Théveniaut et al., 2010; Ngom et al., 2011; Gozo et al.,
2015; Dabo et al., 2017; Gozo, 2017). Magmatic series occur within the MTZ and consist of:
(1) a thick sequence of basalts locally pillowed as well as gabbro of tholeiitic affinity
interlayered with immature detrital sediments; i1) ultramafic rocks occurring as scattered slices,
associated with the tholeiitic suite; ii1) basalt, andesite, dacite, rhyolite and gabbro defining a

more or less differentiated sequence with calc-alkaline affinity; these lithologies occur as veins
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cross cutting the tholeiitic rocks. Series are intruded by amphibole-bearing granitoids of the
Badon-Kakadian Batholith and of smaller plutons (Tinkoto, Makana, Niemenike, Badon,
Soukouta (Bassot, 1966; Debat et al., 1984; Dioh et al., 2006; Gueye et al., 2008) (Fig. 2).

3. Sampling and field observations

We carried out a selective sampling trying to retrieve all sample types from all localities:
from the Mako village to Sofia prospect, located North-East of the Mako belt (Fig. 3a). Cross-
sections were done on each outcrop in order to collect samples from all the available lithological

types. Their GPS positions are available in Table 6.

In the Mako village area, the ultrabasic (UB) rocks occur as hectometric to plurikilometric
slices emplaced within the basalts, the gabbros and the metasediments. The major UB bodies
are: 1) the western Mako UB massif (slice 1, Fig. 3b) trending NW-SE constituted only of
wehrlites (IL18, 1L32, MKNT312, MKNT313); ii) the southeastern Mako UB massif trending
NNE-SSW and constituted of a slice of lTherzolite (ILL4) (slice 2, Fig. 3b) and a slice of wehrlite
(ILL3, 77) (slice 3, Fig. 3b); i) the Lame UB massif (slice 4, Fig. 3b) trending EW, 4 km long,
500 m wide. The Lame massif is petrographically composite and consists of lherzolite (= 75%
of the volume) (IL10, 1L12, 53, ILL5, 125A, 128) that includes metric to decametric
orthopyroxene-rich layers giving to the rock a harzburgitic composition (IL51). Near the
Koulountou village, 14 km Northeastern of Mako, two UB slices consisting of wehrlite (116)
(slice 5, Fig. 3¢) and lherzolite (IL9, 107) (slice 6, Fig. 3c) occur, trending NNE-SSW (4 km
long and 1.2 km wide). Finally, in the Sofia area, a lherzolite (132) crops out (2 km long and
700 m wide), trending NNE-SSW (slice 7, Fig 3c).

4. Sample processing and analytical methods

16 samples from Mako village area have been selected for the geochemical study according
to petrographic criteria: 10 lherzolites, 1 harzburgite and 5 wehrlites. The mineral chemical
analyses were carried out using a Cameca SX Five electronic microprobe (Raimond Castaing,
University Toulouse I1I-Paul Sabatier). The analysis conditions were 15kV for the acceleration
voltage, for currents of 10 or 20 nA depending on the resistance of the minerals to the electron
beam. The acquisition times are 10 seconds at the peak and 5 seconds at either side of the peak
for the continuous background. The standards used for the measurement of concentrations are

natural or synthetic minerals as well as pure metals.
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Samples dispatched for geochemical analysis were crushed and powdered in an agate
mortar, and dissolved in the GET Clean Lab according to the protocol described by Yokoyama
etal. (1999), modified by Rospab¢ et al. (2018). On another side, major element concentrations
have been obtained by X-ray fluorescence spectrometry (XRF) at Analytical Facility Centers:
Stellenbosch University (South Africa) and ALS (Spain). The trace element concentrations and
Sr/Nd isotopic measurements were performed at the Geosciences Environnement Toulouse
(GET) laboratory (Observatoire Midi-Pyrenées (OMP), University Toulouse III Paul Sabatier
(France)). Sample trace element concentrations were determined using an ELEMENT XR
(Thermo Scientific) High Resolution Inductively Coupled Plasma Mass Spectrometer (HR-
ICP-MS). Analytical geostandards and blanks were inserted within the sample sequence, and

the concentrations calculated according to the protocol described in Rospabé et al. (2018).

Mineral trace elements analyses were conducted with a Thermo Scientific HR-ICPMS
Element XR machine coupled to a New Wave Research NWR213 Nd YAG 213 nm laser
ablation unit. The counting time for one analysis was typically 210 s (60 s on gas blank to
establish background then 120 s for data collection followed by 30 s washout). The diameter of
the laser beam was around 40-50 pm, the frequency 7 Hz, and 4-5 J/cm? of laser fluency. A
maximum of 10 unknowns were bracketed by the measurement of two external standards: as
primary one the NIST SRM 610 and as secondary the NIST SRM 612. The secondary standard
was analyzed as unknown allowing the checking process of the precision and accuracy of the
analysis during the session. The relative precision and accuracy for a laser analysis ranges from
1 to 10% for most of the elements, but for Nb and Ta they are close to 15 %. Theoretical
detection limits for each element are in the range of 10 to 60 ppb except for Sc and V (100 ppb),
Ti (2 ppm), and Ni and Cr (0.7 ppm). The data reduction was carried out with the Glitter
software (Griffin, 2008).

Rb/Sr and Sm/Nd isotopic measurements were conducted on a MAT261 and Triton+
TIMS (OMP-GET, Toulouse). Before being measured, Sr and Nd have been purified in a
clean lab following the protocol described by Pin et al. (1994), and clean elemental fractions
of Sr and Nd were loaded respectively on W with Ta coating and Re filaments. Isotopic
standards NBS 987 for Sr and La Jolla for Nd give 0.710274 + 4 and 0.511842 + 2
respectively. Typical procedure blanks are 150 ng for Sr and 24 ng for Nd.

5. Petrography and mineralogy
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Lherzolites (Figs 4a and b) present a heteradcumulate texture with associated cumulate
minerals (chromite ~ 3%, olivine ~ 50%) and intercumulus clinopyroxene (35 - 40%),
orthopyroxene (~ 10%), amphibole (2%) and phlogopite (1%). Olivine (Fo7s-ss) crystals with
rounded to sub-rounded shape of variable size (0.03 - 0.9 mm) are often included in
clinopyroxene and orthopyroxene. Olivines are altered in serpentine and magnetite, which
occupy the peripheries and cracks of the crystals. Clinopyroxene (1.1 - 1.2 mm) is of augite
type (Wo34-42, Enag-s7, Fss-10; Xmg = 0.9 - 0.8) and orthopyroxene has enstatite composition
(Woi-s, En7ssa, Fsia19; Xmg = 0.9 - 0.8) following Morimoto et al. (1988) (Fig. 5a).
Clinopyroxene and orthopyroxene form euhedral to anhedral poikilitic crystals. Large
orthopyroxenes (1.9 - 3 mm) may include crystals of olivine and clinopyroxene. The brown
amphiboles (0.2 - 0.3 mm) are of the pargasite type (Si= 6.4 - 6.1 p.f.u.; Xmg = 0.9 - 0.8) with
rare tschermakite composition (Si = 6.3 p.f.u.; Xmg = 0.9) following the Leake classification
(2003) (Fig. 5b). They are found at interstitial position, between the grains of pyroxenes and
sometimes around olivine crystals. Phlogopite (Xmg = 0.8) is also interstitial and appears as
small lamellae (0.06 - 0.1 mm). In the south of the Lamé massif (slice 4, Fig.3b), lherzolites
(IL12, 55) have a porphyritic texture (Fig. 4c), characterized by an increase of the
orthopyroxene crystal mode and size (0.5 - 1cm). This facies is composed of olivine (less
magnesian, Fo7s-77) and orthopyroxene of more ferriferous enstatitic composition (Woi-4,

En77.78, Fsi9-21; Xmg = 0.8).

Harzburgites (IL51) (Fig. 4d) have a heteradcumulate texture. Their mineralogy
consists of chromite (4%) plus olivine (53%) in cumulus position and intercumulus
orthopyroxene (41%) plus amphibole (2%). Euhedral to subhedral olivines (Fo79-s1) are of
variable size (0.3 - 0.5 mm) encompassed by the poikilitic orthopyroxenes. Orthopyroxenes
with enstatite composition (Woi-3, Enso-s2, Fsi6-18; Xmg = 0.8) form poikilitic xenomorphic
crystals (1.3 - 2 mm). The amphiboles (0.2 - 1 mm) are of edenite type (Si= 6.7 p.f.u.; Xmg =
0.89) and of magnesio-hornblende type (Si= 7.2 - 6.5 p.f.u.; Xmg = 0.9). They are interstitial

between the poikilitic crystals, including partially altered euhedral olivine crystals.

Wehrlites (Fig. 4e) present a heteradcumulate texture with chromite (3 - 4.5%), olivine
(64 - 73%), clinopyroxene (22.5 - 26%), amphibole (3%) and phlogopite (1%). Cumulus
olivine crystals (Foss-s2) are euhedral to subhedral (0.03 - 1.3 mm), and display a rounded or
prismatic shape. They are altered in serpentine and magnetite. Clinopyroxene is of augite
composition (Wo3i-41, Ens3-so, Fse-11; Xmg = 0.9) with some rare intercumulus diopside (Wo47-

48, Enso-s1, Fs1-3; Xmg = 1). Amphiboles (0.2 - 0.7 mm) are of pargasitic composition (Si = 6.4
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p-fu; Xmg = 0.8), interstitial between clinopyroxenes. Rare, small, interstitial lamellae of
phlogopite (1%) (Xmg = 0.9 - 0.8) are found and typically the cleavages are underline by
opaque minerals. Some wehrlites crop out north-west of Lame (ILL3, 77) (Fig. 4f) are
distinguished by the occurrence of more magnesian olivine (Fo86-85), enstatitic
orthopyroxene (3 - 4%, Woi-3, Ens3 - 85, Fsi3 - 15; Xmg = 0.9) and pargasitic, interstitial
amphibole (2.5 - 4%, Si = 6.4 - 6.3 p.f.u.; Xmg = 0.8), and sometimes rare edenite (Si = 6.5
p.fou; Xmg =0.8).

Lherzolites, harzburgites and wehrlites display the same primary and secondary oxide
minerals, but in different proportions (1 to 5%). Three types may be identified (Fig. 5¢): 1)
small, euhedral crystals of chromite (Xmg (Mg / Mg + Fe*" + Ni + Mn) = 0.5 - 0.2; Xcr (Cr / Cr
+ Al + Fe*) = 0.6 - 0.5) of 0.001 - 0.004 mm in size are found as inclusions in olivine and
pyroxene crystals, consistent with their early crystallization; ii) Subhedral Cr-magnetite (Xmg=
0.4 -0.1; Xcr = 0.5 - 0.1) as large crystals (0.02 - 0.05 mm) isolated or enclosed in pyroxene,
amphibole, phlogopite and in interstitial position. Given their textural position and their Cr-
magnetite composition (Kimball, 1990; Béziat et al., 2000), the Cr-magnetite may come from
ancient chromite crystals ; iii) anhedral magnetite crystals (Xmg = 0.1 - 0; Xcr = 0) as tiny
crystals (0.001 - 0.002 mm), often associated with serpentine and chlorite, filling veinlets,
olivine cracks and pyroxene, amphibole and phlogopite cleavages, are common
serpentinization by-products.

6. Petrological and geochemical data

LILEs (Large Ion Lithophile Elements) (Rb, Cs, Ba, Sr) are very sensitive to secondary
processes like low-grade metamorphism or water-rock interactions, while HFSE (High Field
Strength Elements) are little affected (Pearce et Cann, 1973; Winchester et Floyd, 1976; Condie
etal., 1977; Wood et al., 1979). Therefore, only samples with LOI under 10% will be discussed
in this section. However, their geochemical characteristics will be discussed according to their

petrological compositions.
6.1. Major and minor elements (Fig. 6)

Lherzolites have typical SiO2 contents between 38.7% and 44.6%, which correlate
negatively with MgO and FeO. They present the lowest MgO and FeO(t) contents of our sample
set, as low as 13.3% and 10.6% respectively. Their FeO(t) are similar to that of wehrlites. Their
SiO2 contents display a weak correlation with TiO2 (and Al203), despite having the highest
Ti02 content of all reported Birimian UB lithologies. Na20O, K20, P20s and MnO do not show
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any correlations with SiO2, whereas CaO does. It is worth noting that some lherzolites display

high CaO (up to 10%).

The only sampled harzburgite has a composition which falls globally within the reported
WAC Birimian lithologies, having SiO2 = 38.8% and MgO = 30.7%. However, this sample
displays the highest FeO(t) content (FeO(t) = 15.4%) of our sample set, similar to those reported
for Bouroum Yalogo lherzolites (Ouédraogo, 1985). TiOz2 (0.3%) and Al203(3.48%) are within
what is expected for this lithology.

The wehrlites present a relatively large range of SiOz, between 38.3% and 41.5% and
high MgO contents, up to 35%, associated with low FeO(t) (as low as 10.6%). In the Harker
diagrams (Fig. 6), they do not fall systematically within the field of the reported wehrlites from
the literature, sharing some major element characteristics with Mako wehrlites (Ngom et al.,
2010) for MgO, Ti0O2 and Al203, but having lower FeO(t) contents, similar to those reported in
Loraboué¢ (Béziat et al., 2000). In terms of correlations, SiO2 shows a negative correlation with
MgO, and positive correlation with TiO2, CaO and Al2O3. One of our analyzed samples presents
a relatively high K20 (0.3%). Their Ni contents vary from 1670 to 3002 ppm and Cr from 2268
to 2721 ppm. It is worth noting that Opx-wehrlites have higher SiO2, CaO contents and lower
MgO, Cr203, Xmgand Ni contents than wehrlites without orthopyroxene.

6.2. Trace elements
6.2.1. Lherzolites and harzburgites
Whole rocks

Lherzolites are moderately depleted in Rare Earth Elements (REE) (> REE = 35 to 113
ppm), from 2 to 7 times chondrites (Ch.) for LREE (Light REE) and 2 to 5 times Ch. for HREE
(Heavy REE). They are characterized by convex patterns with moderate Lan/Ybn=1 - 1.6,
almost flat Lan/Ndn (0.8 - 1) and fractionated (Dyn/Lun = 1.5 - 1.7) (Fig. 7a). All but one of
the lherzolite analyzed display a negative Eu anomaly (Euw/Eu* = 0.8 - 1). One of the lherzolite
(sample 107) is characterized by a lower amount of REE, about 2 times less than the other
samples, and no negative Eu anomaly. The harzburgite sample is characterized by a > REE =
70 ppm and has a less convex REE pattern, with flat LREE (Lan/Ndn = 1.1), MREE (Middle
REE) (Smn/Gdn= 1) and still fractionated HREE (Dy~/Lun= 1.5), with no Eu anomaly (Eu/Eu*
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On extended trace element normalized diagrams, the lherzolites display patterns flat to
slightly depleted in the most incompatible elements. They lie systematically above the primitive
mantle, far from any residual mantle typical composition (Sun and McDonough, 1989) (Fig.
7b). The lherzolite patterns are also characterized by systematic negative Th, Nb and Zr,
positive Rb, Ba, and positive to negative Pb, Sr and Ti anomalies. The anomalously low
lherzolite pattern is characterized by the absence of Nb, Pb and Th anomalies and display
negative Sr and Zr and positive Ti anomalies. The harzburgite extended pattern is close to the

lherzolites with positive Rb, U and negative Nb, Pb and Ti anomalies.
Clinopyroxenes

Lherzolite clinopyroxene trace element contents have been determined for I1L10, ILL4
and 136 samples. In IL10 lherzolite, clinopyroxenes plot as two distinct populations,
characterized by their parallel LREE patterns but having different Eu anomaly (Fig. 7c¢). The
first population is depleted in REE (XREE = 53 to 75 ppm), and displays a global convex
pattern, with LREE of 1 to 2 times Ch. (Lan/Ndn = 0.4) and slightly depleted HREE (Dyn/Lun
= 1.2 - 1.3). For this population, the europium shows very weak negative anomalies (Eu/Eu* =
0.9). The second population, which has higher REE content (XREE = 124 to 131 ppm) also
displays convex pattern, with a marked depletion in LREE (Lan/Nd~ = 0.4 - 0.5), HREE
(Dy~n/Lun = 1.7 - 1.8) and systematic negative anomalies in europium (Eu/Eu* = 0.6 - 0. 7). In
ILL4 lherzolite, the clinopyroxenes patterns are different than those of the IL10 lherzolite.
Clinopyroxenes of ILL4 lherzolite are characterized by a slight LREE depletion (5 to 6 times
Ch. (Lan/Nd~ = 0.7 - 0.8), slight enrichments in MREE (Smn/Tbn = 0.9) and flat HREE. The
clinopyroxene of the sample 136 of lherzolite has the most LREE depleted pattern (Lan/Ndn =
0.3 - 0.4), systematic negative anomalies in Eu (Eu / Eu * = 0.9), and a relative depletion in
HREEs (Dy~n/Lun = 1.7 - 2.4). In extended diagram (Sun and McDonough, 1989) (Fig. 7d), the
most incompatible elements are below or close to the detection limit for clinopyroxene. IL10,
ILL4 and 136 lherzolite clinopyroxenes show negative Nb, Pb, Sr, Zr and Ti and positive Th,
Y anomalies, except for the clinopyroxenes of the first population of the IL10 lherzolite, which

have negative Th anomalies and sample 136 which has positive Pb anomalies.

Amphiboles
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The only amphibole trace element data have been obtained for lherzolite ILL4. In terms
of trace element contents, amphibole is characterized by enrichment in REE (ZREE = 811 -
1161 ppm), a general fractionation from LREE (Lan/Ndn = 1.3 - 1.7) to HREE (Dyn/Lu~ = 1.2
- 1.3) and almost no Eu anomalies (Fig. 7c). Regarding the other trace elements, the amphiboles
are characterized by marked negative Rb, U, Pb and Sr anomalies. Like for REE, the other trace
elements are enriched (10 to 100 times), comparatively to the clinopyroxenes in the same

sample (Fig. 7d).
6.2.2. Wehrlites
Whole rocks

Webhrlites have the most enriched REE and trace element contents of all the sample set.
They have rather similar REE patterns (3 REE =45 to 119 ppm), homogeneously fractionated
(Lan/Ybn = 2 - 2.5). They are characterized by weak negative Eu anomalies (Euw/Eu* = 0.9). In
comparison to the other ultrabasic samples, they are systematically enriched in LREE but have
same range of HREE (Fig. 7e). In extended normalized trace element diagrams (Fig. 7f),
wehrlites are characterized by Nb, Sr and in lesser extent Ti negative anomalies, positive
anomalies in Ba, U and positive to negative Pb anomalies. Like for lherzolites, they fall above
the Primitive Mantle values, being therefore enriched in comparison to normal residual upper

mantle, depleted or not.
Clinopyroxenes

The 116 wehrlite clinopyroxene display moderately enriched REE content (XREE = 46)
with an almost flat pattern, slightly depleted in HREE (Dyn/Lun = 1.4), without significant Eu
anomaly. In terms of REE, the pattern is very close to the whole rock, being less enriched in
LREE. On the other side, orthopyroxene-wehrlite clinopyroxenes (ILL3) are characterized by
their depletion in LREE (Lan/Ndn = 0.3 - 0.5) compared to HREE (Dy~/Lun = 1.2 - 1.8), being
globally more enriched in REE than sample 116 clinopyroxene. Europium display weak
negative anomalies (Eu/Eu* = 0.9) and the patterns are more consistent with what is expected
from clinopyroxenes in equilibrium with a basaltic melt (Fig. 7g). On extended diagrams (Fig.
7h), apart from the elements that fall below the detection limit, the clinopyroxene (for both
wehrlites) display negative U, Th, Nb, Pb, Sr, Zr and Ti anomalies except for sample ILL3
which has no Ti anomaly. The main differences between the two populations of clinopyroxene

are the level of trace element, which are lower for sample 116 clinopyroxene.
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Amphiboles

Trace element contents have been determined for amphibole in sample 116. In this
sample, amphibole is characterized by their high REE contents () REE = 1557 - 1705 ppm) and
fractionated REE patterns. The patterns are almost parallel to those of amphibole in lherzolite
ILL4, being globally more enriched and displaying systematic negative europium anomaly
(Ew/Eu* =0.5) (Fig. 7g). Like for ILL4 (lherzolite) amphiboles, extended trace element patterns
display marked negative Rb, U, Pb, Sr more Th and Ti anomalies (Fig. 7h).

6.2.3. New data for Loraboué wehrlites

Lorabou¢ werhlites display whole rock REE normalized patterns different from those
of Mako, being convex, more depleted, and with a flat MREE to HREE shape (3_REE = 32 -
87 ppm, Lan/Ndn = 1.8 - 1.9; Smn/Gdn = 1.1 - 1.2; Dyn/Lun = 0.9 - 1). Comparatively,
clinopyroxene and amphibole REE patterns fall systematically above the whole rock. The
clinopyroxene have a marked convex pattern, with high Lan/Ndn and low Gdn/Lun ratios and
weak Eu negative anomalies. Amphiboles, on the opposite, display concave REE patterns, with
marked negative Eu anomalies. They are characterized by LREE depletion, and a REE pattern
shape very close to those of lherzolite clinopyroxenes, while being 10x more enriched (Fig. 71).
In extended trace element diagrams, whole rocks are characterized by negative Nb, Sr, Ti and
positive Pb, Zr anomalies. Clinopyroxene display negative Ba, Nb, Sr and Ti and positive Th,
U anomalies while amphiboles have negative Th, U, Pb, Sr, Zr, Ti and positive Ba anomalies
(Fig. 7j). It is worth noting that Loraboué¢ werhlite, both in terms of whole rock and mineral
trace element concentrations, display very different pattern profiles than the one found in Mako

for the same lithology.

6.2.4. Comparison between whole rock, clinopyroxene and amphibole trace

element data

When reported one lherzolite (ILL4) and werhlite (116) samples from Mako and a
werhlite (L0113) sample from Loraboué in a Smpm/Ybewm vs Nbem/Larm diagram (Fig. 8), Mako
and Loraboué UB show distinctive features. It is worth mentioning that for all samples the WR
(whole rock) composition falls between the clinopyroxene and amphibole composition fields,
showing a linear correlation for Mako village area samples and hyperbolic correlation for
Loraboué. This is suggesting that the trace element signatures for the WR are almost entirely

controlled by these two minerals, but differently for the two localities. The fact that the
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Lorabou¢ wehrlite is not showing the same type of correlation may be either related to the
relative abundance of Nb, La, Sm, and Yb in both minerals in this sample or to another mineral
carrying sufficient trace elements to influence the mixing curve. Such mineral may be
orthopyroxene or phlogopite; however these minerals are also present in Mako wehrlite. The
other reason may be the relatively low Nb content in clinopyroxene for Loraboué¢ wehrlite,

which may influence the curvature of the mixing line.
7. Nd and Sr isotopic signatures

Sr and Nd isotopic ratios have been determined for 14 ultramafic samples, respectively
5 webhrlites, 8 lherzolites, and 1 harzburgite. Lherzolite samples are characterized by 3’Sr/*Sr
(2.1 Ga) between 0.703294 and 0.708842 and '**Nd/'*Nd (2.1 Ga) between 0.512989 and
0.513167, wehrlite having 8’Sr/*®Sr (2.1 Ga) from 0.711904 to 0.719083 and '**Nd/'*Nd (2.1
Ga) between 0.512509 and 0.512643 and the harzburgite sample has a 8’Sr/*®Sr (2.1 Ga) of
0.703125 and a "*Nd/'*Nd (2.1 Ga) of 0.512792. Reported in isochron diagrams (Fig 9a and
b), we can observe that their isotopic ratios are globally proportional to their Father/Daughter
ratios, both for Sm/Nd and Rb/Sr, and that they align along a c. 2.1 Ga calculated isochron. This
observation confirms that these samples are related to a Birimian magmatic episode, and not
disconnected from the whole Mako magmatism (Abouchami et al., 1990; Boher et al., 1992;
Pawlig et al., 2006; Ngom et al., 2010). Note however that the data are not perfectly fitting the
calculated isochrons (Fig 9a and b). Powder heterogeneity problems can be excluded since both
concentration and isotopic compositions were measured on the same dissolution batch. Rb/Sr
isotopic chronometer is, however, known to be sensitive to metamorphism and may be more
easily perturbed leading to Rb/Sr isotopic data spread. Sm/Nd, on the other hand, is less
sensitive to metamorphic processes and display a similar data spread. According to these
observations, our data have been corrected from an age of c. 2.1 Ga in order to compare them
to the available Birimian data (Fig. 9c). In the Nd/Sr correlation diagram (2,1 Ga), our data are
comparable with published data for the WAC (Abouchami et al., 1990; Alric, 1990; Boher et
al., 1992; Ama Salah et al., 1996; Dia et al., 1997; Gasquet et al., 2003; Pawlig et al., 2006;
Dampare et al., 2009; Ngom et al., 2010; Dampare et al., 2019). Nevertheless, as the dataset
does not define a single domain, our results imply either that the age corrections propagate large
uncertainties or that these lithologies do not share the same source. Both hypotheses will be

discussed below.

8. Discussion
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8.1. UB rocks from Mako.

The UB rocks identified in Mako consist of lherzolite / harzburgite, wehrlite or
lherzolite / wehrlite petrographic associations massifs. These UB rocks have a similar
cumulative texture and mineralogical composition. The only difference is the occurrence of
orthopyroxene, which is still present in lherzolites and harzburgites, and absent in isolated
wehrlite massifs (wehrlite (ILL3) excepted). The cumulative texture of these rocks, the mineral
chemical composition (olivine with a Fo at % < 90%, Augite-type and non-Cr-diopside-type
clinopyroxene, chromite-type and non-Mg-spinel type) and their trace element contents are
systematically higher than that of the primitive mantle. This in turn indicates that these UB
rocks represent ultramafic cumulates that cannot be confounded with peridotites from the upper

mantle.

The two types of UB rocks intercalated in the tholeiitic sequence in Mako exhibit
mineral compositions showing that wehrlite present magnesian-rich clinopyroxenes and
chromium rich chromites when compared to both clinopyroxenes and chromites from the
lherzolite and harzburgite. Similarly the whole rock compositions are fractionated for wehrlite
(Lan/Ybn > 2) and flat to slightly fractionated for lherzolite / harzburgite (Lan/Ybn =1 - 1.5).
These differences are also found in the compositions of mineral compositions acquired on
clinopyroxenes. Clinopyroxenes analysed in the lherzolite / harzburgite and wehrlite / lherzolite
association show convex shaped spectra, low in both LREE and HREE with a clear negative
anomaly in Eu, whereas clinopyroxenes analysed in the wehrlite are clearly enriched in LREE

and do not show negative Eu anomalies.

Both whole rock and mineral composition differences indicate that the UB rocks in
Mako may derive from two distinctive parent magmas. As regards the wehrlite type, there are
in fact two distinct types of wehrlite in Mako: 1) the first, more rarely observed, is associated
with the lherzolites; 2) the second, most common, is found as isolated massifs. This result
differs from that of previous studies that suggested that the UB rocks from Mako derived from
a single source (Ngom et al., 1998 and 2010; Cissokho, 2010; Dabo et al., 2017).

8.2. Mako vs Loraboué

Within the Lorabou¢ district (Boromo greenstone belt), wehrlite is associated with
dunite that have been interpreted as cumulates within the calc-alkaline magmatic serie (Béziat

et al., 2000). Loraboué¢ and Mako samples present similar petrography with a heteradcumulate
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texture, cumulus chromite + olivine and intercumulus clinopyroxene + orthopyroxene +
amphibole + mica (phlogopite type at Mako, biotite type at Loraboué). They have comparable
major element composition with Loraboué wehrlite presenting lower TiO2, FeO(t) and Cr

contents.

The Lorabou¢ samples show distinctive whole rock REE patterns and mineral
compositions when compared to the Mako samples. REE patterns of Loraboué¢ wehrlite are U-
shaped, whereas those of Mako wehrlite are fractioned, LREE enriched. In extended trace
element diagrams, Loraboué wehrlite samples show a clear negative Nb anomaly. Mineral
analyses also indicate that olivine from Loraboué present a more homogeneous Fo composition
when compared to the Mako wehrlites. In Loraboué wehrlites, chromite compositions present
lowest chromium concentrations (Fig. 10a and b) and the clinopyroxenes shows low Si02, MgO
and FeO(t) concentrations (Fig. 10c and d). Amphiboles of Loraboué of pargasite type are less
titaniferous and more aluminous than those of Mako sample suites (Fig. 10e, f, g and h). The
REE patterns of clinopyroxenes from Lorabou¢ display a concave pattern that contrasts from
that of the Mako sample showing flat or convex patterns. Moreover, clinopyroxenes in
Loraboué¢ show high Th and U contents and a strong negative Nb anomaly. Similarly,

amphiboles from the Loraboué¢ samples show clear negative anomalies in Ti and Zr.

Using different REE ratios, Tbx/Ybn vs Lan/Smw (Fig. 11), one can clearly separate two
populations of UB rocks (whole rock and clinopyroxene compositions) within the Mako
complexes, and distinguish them from those of Loraboué. These differences in composition
would again reflect the differences in the composition of the parent magmas, of a tholeiitic
nature in Mako and of a more calc-alkaline composition in Loraboué. All these features suggest

that they belong to very different geodynamic settings.
8.3. Mako-Loraboué¢ vs WAC

The comparison between the UB of Mako and Lorabou¢ and the UB of the WAC is
difficult, data about the latter being rare and fragmented. The limited dataset shows that all UB
samples from the WAC share some characteristics with those of the Mako UB rocks including:
cumulate textures and petrographic associations (i.e. dunites, lherzolites, harzburgites and
wehrlites). The Mako UB rocks are comparable to those of the Katiola-Marabadiassa belt (Ivory
Coast, Pouclet et al., 2006) but stand out from the UB of the other WAC deposits, showing
higher Gdn/Ybn and lower Lan/Smn ratios (Fig. 12). These differences may reflect the nature

of the parent magma, tholeiitic for Mako and Katiola-Marabadiassa, calc-alkaline for Kadiolo
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and Loraboué. It is worth mentioning that Ashanti UB (Ghana, Dampare et al. 2019) are
characterized by flat REE patterns, which explain why they fall in a distinctive quadrant in Fig.
12: they have similar Lan/Smn that Mako harzburgites but lower Gdn/Ybn. They may
correspond to an intermediate geodynamic context, i.e. in equilibrium with a more depleted
melt. This feature is also suggested by the very juvenile Nd and Sr isotopic signatures of the
Ashanti mafic (and in a lesser extend ultramafic) series (Dampare et al. 2009 and 2019).

8.4. Origin of the parental melts

The isotopic signatures of Mako UBs reported in the eNd (2.1 Ga) vs ¥’St/%Sr (2.1 Ga)
diagram (Fig. 9) do not allow to decipher between different geodynamic environments.
Compared to the available data (Ngom et al., 2010; Dampare et al., 2019), they are more scattered
but fall within a domain that is considered linked to c¢. 2.1 Ga depleted (to slightly enriched)
mantle (Abouchami et al., 1990; Dia et al., 1997; Gueye et al., 2007). However, the Mako UB
rocks display the most primitive isotopic signatures ever reported for Mako mafic rocks, and are
slightly more scattered than the signatures found in the associated mafic lithologies (Abouchami
et al., 1990; Dia et al., 1997; Pawlig et al., 2006; Ngom et al., 2010). Scattering of the
geochemical signatures within a single magmatic system, deeply rooted into the lithosphere, has
been already reported in UB from oceanic or ophiolitic settings (Benoit et al., 1996; Koga et al.,
2001; Drouin et al., 2009; Nicolle et al., 2016). Being cumulates from more primitive melts,
Mako UBs display more heterogeneous isotopic signatures than the more evolved, more mixed,
mafic occurences, whether being genetically related or not. However, one cannot discard the
hypothesis that the scattering of the isotopic signatures comes from the age correction and
analytical uncertainties. The error propagation associated with age correction may be
dramatically enhanced if the father/daughter ratios have been changed during metamorphic
processes after the emplacement. In order to test this hypothesis, data have been reported in a
eNd (2.1 Ga) vs a(Sm/Nd) diagram (De Paolo and Wasserburg, 1976a, b; De Paolo, 1988). This
representation (Fig. 13) is similar to the one used in Dampare et al. (2009) and Roddaz et al.
(2007), with the exception that zero-age mafic and ultramafic samples can be reported together
with c. 2.1 Ga old samples in a single diagram. Obviously, Birimian samples from the WAC do
not plot in the same quadrant as present-day MORBs and Oceanic Arc basalts (see Fig. 11 for
references). However, they correlate with Mantle-Crust evolution lines. On this zero-age
evolution line, we can observe that moving from right to left the samples are more and more arc-
related with time. For modern ultramafic rocks, samples sitting at the right-hand side of the

horizontal axis are classically associated with Mid-Oceanic Ridge settings. A similar logic may

16



506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522

523
524
525
526
527
528
529
530

531
532
533
534

535
536
537

be applied to the Birimian samples. On Fig. 13 Mako lherzolites fall on the right-hand side of the
correlation line. Accordingly the Mako samples analysed may be considered as the most MORB-
related UB ever described within the WAC both showing elevated o(Sm/Nd) and eNd (2.1 Ga)
(Fig. 13). In the same diagram (Fig. 13), the lherzolite/harzburgite association from Mako are
characterized by more juvenile signatures than the wehrlite found in isolated massifs, which tends
to have lower o(Sm/Nd). This change in composition may be related to an arc-like source.
Collectively, we suggest that the Mako UB-rocks are related to two contrasting geodynamic
environments. The first one appears to be juvenile or mantle-related, as far as the trace elements
are concerned (Fig. 7, 12) whereas the second one is more arc-related. Such dichotomy (arc vs
ridge setting) in a single geological area is a common occurrence in the Oman ophiolite (Python
et al., 2003 and references therein). Alternatively, for some ophiolitic sequences, or supposed
ophiolitic sequences this dichotomy may highlight a tectonic overprint which juxtaposed blocks
that are not genetically related, like for example in the Trinity Ophiolite (Lanphere et al., 1968;
Jacobsen et al., 1984; Gruau et al., 1998; Ceuleneer and Le Sueur, 2008). In the absence of
obvious structural relations, we suggest that the wehrlites and lherzolites/harburgites associations
in Mako may belong to a single oceanic basin in which the setting has evolved from a MORB to

a subduction-related environment over a period beyond the precision of our measurements.

9. Conclusion

This study on Mako's UB associations emplaced within the basic tholeiitic series
(gabbros, basalts), revealed a duality of composition within the tholeiitic series. REE, trace
elements in whole rocks and mineral (essentially clinopyroxene and amphibole) and Nd
1sotopes suggest that the two different types of complexes, lherzolite + harzburgite assemblages
and isolated wehrlite massifs, are settled in two different geodynamic environments, the
lherzolite-harzburgite association being significantly more juvenile than isolated wehrlites,

which show transitional geochemical signatures.

Conversely, Lorabou¢ UB rocks (dunite + wehrlite), clearly associated with the calc-
alkaline series and displaying the same mineralogical composition as the Mako wehrlites are
characterized by evolved petrological and geochemical signatures, typically emplaced in

mature island-arc magmas.

Through the study of UB complexes, we have been able to highlight the importance of
enclosing the UB petrological and geochemical data in geodynamic reconstructions. These

lithologies reveal part of the magmatic heterogeneity within a same province, suggesting that
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the Birimian crust was built in an oceanic context evolving from a MORB-like domain to an

increasingly mature volcanic arc domain.
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Fig. 1: Geological map of the West African craton (Milési et al., 2004 modified). Zone 1,
Katiola-Marabadiassa belt (Ivory coast; Pouclet et al., 2006); zone 2, Dixcove and Ashanti belts
(Ghana; Attoh et al., 2006 and Dampare et al., 2019 respectively); zone 3, Boromo belt (Burkina
Faso; Ouédraogo, 1985; Béziat et al., 2000; Castaing et al., 2003); zone 4, Kadiolo belt (Mali;
Sangaré, 2008) and zone 5, Mako region (Eastern Senegal; Bassot, 1966; Dia, 1988; Ngom,
1995; Ngom et al., 1998 and 2010; Cissokho, 2010; Dabo et al., 2017).

Fig. 2: Geological map of the Kedougou - Kenieba Inlier (modified from Dioh et al., 2006).

Fig. 3: (a) Interpretative geological map of the Mako area (modified from Théveniaut et al.,
2010); b) and c) close-up views of UB outcrops from Mako — Lame and Koulountou sectors
respectively with the localization of sampling sites (yellow dots). The numbers 1 to 7

represent the different UB massifs.

Fig. 4: Photomicrographs: (a and b) granular (IL9, IL10) and (c) porphyritic lherzolites (1L12)
showing poikilitic orthopyroxene phenocrysts including small crystals of olivine and
clinopyroxene; (d) harzburgite (IL51) showing olivine crystals encompassed by the poikilitic
orthopyroxene and amphibole crystals; (e) wehrlite (IL32) showing intercumulus clinopyroxene
and cumulus olivine completely altered in serpentine and Fe-oxides and (f) wehrlite (ILL3)
showing poikilitic crystals of clinopyroxene and orthopyroxene including crystals of olivine
partially or totally altered. Ol = olivine; Cpx = clinopyroxene; Opx = orthopyroxene; SOI =

Serpentinized Olivine.
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Fig. 5: Compositional variation of (a) pyroxene (Morimoto et al., 1988); (b) primary
amphibole (Leake, 2003) and (c) oxides from the UB rocks in the Mako sector.

Fig. 6: Harker diagrams of Mako UB rocks compared to other UB rocks from the WAC. The
data on Mako are from Ngom et al., 2010, those of Loraboué (Béziat et al., 2000), Bouroum
Yalogo, NE Burkina Faso (Ouédraogo, 1985), Katiola-Marabadiassa, Central Ivory Coast
(Pouclet et al., 2006), Kadiolo, Mali (Sangaré¢, 2008), Dixcove greenstone belt (Attoh et al.,
2006) and Southern Ashanti volcanic belt (Dampare et al., 2019), Ghana.

Fig. 7: (a, c, e, g, 1) Chondrite-normalized REE and (b, d, f, h, j) Primitive Mantle-normalized
multi-elements patterns of whole rock (WR), clinopyroxene (Cpx) and amphibole (amp) for the
Mako and Loraboué¢ UB rocks. Normalizing chondrite and Primitive Mantle values are from
Barrat et al., 2014 and Sun and McDonough, 1989 respectively. W : West ; SE : South East.

Fig. 8: A Smpm/Ybrm vs Nbpm/Larm diagram showing the trace element compositions of whole
rock (WR), clinopyroxene (Cpx) and amphibole (amp) for the Mako and Loraboué¢ UB rocks
(Normalized to Primitive Mantle using values of Sun and McDonough, 1989). SE : South East.

Fig. 9 : (a) Rb/Sr isochron diagram for Mako UB rocks in which an hypothetical 2.1 Ga
calculated isochron is reported; (b) Sm/Nd isochron diagram with same assumptions as in (a);
(c) eNd (2.1 Ga) versus ¥’Sr/*®Sr (2.1 Ga) diagram in which our samples are compared to all
Birimian available data (Abouchami et al., 1990; Alric, 1990; Boher et al., 1992; Ama Salah et
al., 1996; Dia et al., 1997; Gasquet et al., 2003; Pawlig et al., 2006; Dampare et al., 2009; Ngom
et al., 2010; Dampare et al., 2019). DM= contemporaneous depleted mantle from Ben Othman
et al. (1984).

Fig. 10: Harker diagrams: composition of chromite (a and b); clinopyroxene (¢ and d) and
primary amphibole (e, f, g, h) of Mako wehrlites compared to the composition of Loraboué

wehrlites.

Fig. 11: A Tbn/Ybn vs Lan/Smn diagram showing the trace element compositions of the whole
rock and clinopyroxene (Cpx) for the Mako UB rocks compared of the Loraboué¢ wehrlites
(Normalized to chondrites using NWA974 values of Barrat et al., 2014). Full symbols are used

for whole rock analyses and open symbols for minerals.

Fig. 12: A Gdn/Ybn vs Lan/Smn diagram showing the trace element compositions for the Mako

UB rocks compared with other UB rocks from the WAC (Béziat et al., 2000; Attoh et al., 2006;
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Pouclet et al., 2006; Sangaré, 2008; Dampare et al., 2009; Ngom et al., 2010; Dampare et al.,
2019). Normalized to chondrites using NWA974 values of Barrat et al., 2014.

Fig. 13: A eNd (2.1 Ga) versus a(Sm/Nd) diagram showing the variations of composition for
the Mako UB rocks compared with all available data from Birimian magmatic rocks of the
WAC (Abouchami et al., 1990; Alric, 1990; Boher et al., 1992; Ama Salah et al., 1996, Dia et
al., 1997; Gasquet et al., 2003; Pawlig et al., 2006; Dampare et al., 2009; Ngom et al., 2010;
Dampare et al., 2019). Pacific MORB (Cohen et al., 1980; Hofmann et al., 1983; Byers et al.,
1986; Macdougall et al., 1986; Hekinian et al., 1989; Natland, 1989; Prinzhofer et al., 1989;
Ben othman et al., 1990; Mahoney et al., 1993; Bach et al., 1995; Batiza et al., 1996; Nui et al.,
1999; Regelous et al., 1999; Castillo et al., 2000). Marianna arc (Meijer, 1976; Meijer et al.,
1981; Hickey et al., 1982; Stern et al., 1984; White et al., 1984; Hawkins et al., 1985; Bloomer
et al., 1987; Volpe et al., 1987; Woodhead, 1988; Bloomer et al., 1989; Lin et al., 1989;
Hawkins et al., 1990; Stern et al., 1990; Volpe et al., 1990; Hickey-vargas, 1991; Stern et al.,
1991; Alt et al., 1993; Stolper et al., 1994; Gribble et al., 1996; Elliott et al., 1997; Pickett et
al., 1997, Gribble et al., 1998; Hickey-vargas, 1998; Ikeda et al., 1998; Newman et al., 1999).
New Hebrides arc (Peate et al., 1997).

Table 1 : Representative microprobe analyses of olivines (Lhz : Lherzolite ; Hzb :
Harzburgite ; Whr : Wehrlite ; Fo : Forsterite ; Fa : Fayalite)
Table 2 : Representative microprobe analyses of clinopyroxenes

Table 3: Representative microprobe analyses of orthopyroxenes (En : Enstatite ; Wo :

Wollastonite ; Fs : Ferrosilite)

Table 4: Representative microprobe analyses of amphiboles
Table 5 : Representative microprobe analyses of oxides
Table 6: Whole rock major and trace element concentrations
Table 7: Trace element analyses of clinopyroxene

Table 8: Trace element analyses of amphibole and clinopyroxene (Cpx : clinopyroxene ;

amph : amphibole ; Lhz : Lherzolite ; Whr : wehrlite)

Table 9: Summary of the Rb/Sr and Nd/Sm isotopic data
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Table 1

Lithology [Sample Si0O2 TiO2 A203 Cr203 MgO FeO MnO NiO CaO Na20 K20 Total Fo Fa
IL9 3984 0.02 000 0.02 4147 1858 026 032 0.13 0.03 0.00 100.76 79.91 20.09
L9 3944 000 002 000 4161 18.09 019 025 0.13 0.03 0.01 99.80 80.39 19.61
L9 3927 0.03 006 000 4137 1847 028 022 0.11 0.06 0.03 9993 7997 20.03
IL9 39.19 0.02 004 002 4122 1865 030 028 0.12 0.00 0.00 9986 79.75 20.25
L9 39.34 003 005 002 4108 1884 035 026 0.16 0.04 0.00 10025 7953 2046
IL10 3863 0.02 0.01 0.01 40.04 2046 034 026 0.14 0.01 0.00 9993 77.72 2228
IL10 38.41 0.02 0.01 0.00 4061 20.07 034 030 0.13 0.00 0.00 9990 7829 21.71
IL10 3862 0.02 005 0.01 4073 1996 023 024 0.10 0.01 0.00 9997 7843 2157
IL12 39.21 0.02 005 0.01 3788 2220 034 025 0.10 0.00 0.00 10005 7525 2475
IL12 39.26 000 0.03 000 3810 2226 039 024 012 0.01 0.02 10042 7531 2469
IL12 38.79  0.01 0.03 000 3888 2111 023 016 016 000 000 9937 7665 2335
IL12 39.01 0.02 000 0.02 39.07 2153 031 020 0.12 0.00 0.03 10030 76.37 23.62
IL12 38.21 0.00 0.03 000 3826 2215 031 024 013 0.02 0.08 9944 7548 2452
IL12 39.13 0.00 002 0.01 3953 2099 030 0.14 0.05 0.00 0.03 10020 77.04 2295
IL12 38.87 0.01 0.03 001 3951 2055 025 021 014 000 000 9960 7740 2260
IL12 39.53 0.00 0.01 0.03 3962 2045 029 026 024 0.00 0.00 10043 7754 2246
IL12 3885 0.02 002 002 3926 2112 029 024 0.12 0.03 0.00 9997 76.82 23.18
IL12 39.15 0.00 0.01 0.02 39.16 2084 028 023 0.19 0.02 0.01 9991 77.00 22.99
IL12 3889 0.00 003 0.01 3909 2146 033 017 0.14 0.03 0.00 100.15 7645 23.55
IL12 3887 0.02 000 000 3892 2157 032 019 0.13 0.01 0.00 10005 76.28 23.72
IL12 3887 0.03 002 001 39.17 2165 034 022 0.09 0.02 0.01 10045 76.32 23.68
IL12 3853 0.02 002 0.01 3843 2200 0.34 020 0.10 0.02 0.01 9967 7569 24.31
IL12 38.74 0.00 0.01 0.00 3857 2208 031 021 0.15 0.03 0.05 100.17 7568 24.32
IL12 38.91 000 004 000 3889 2200 029 0.18 0.12 0.03 0.00 10047 7590 24.10
IL12 3893 0.00 002 002 3846 2195 029 021 0.15 0.01 0.00 100.04 7574 2426

Lhz IL12 38.77  0.01 0.00 001 3802 2221 031 021 010 0.00 0.00 9964 7531 2469
IL12 38.28 0.01 0.03 002 3939 2126 038 026 012 006 002 9983 76.75 23.25
136 4010 002 0.04 001 4492 1520 023 037 011 000 0.00 101.02 84.04 1596
136 4012 0.04 0.00 002 4447 1497 021 030 010 0.00 0.04 10027 84.11 1589
136 4049 0.01 0.05 0.04 4520 1476 024 041 0.06 000 0.01 10128 8451 1549
136 40.32  0.01 0.00 005 4536 1446 025 034 0.06 000 000 100.86 84.82 1517
136 39.99 0.01 0.06 003 4531 1479 020 043 016 001 0.00 10098 8452 1548
136 4010 002 0.06 003 4535 1443 024 043 0.08 000 004 10079 8485 15.15
136 40.39 0.01 0.01 0.02 4516 1496 0.15 032 0.14 0.02 0.01 10121 8432 1568
136 4037 0.03 0.03 002 4487 1461 020 049 0.08 000 005 100.75 8455 1544
136 40.14  0.01 0.01 0.03 4514 1451 026 041 009 0.01 0.00 10061 8472 1528
136 4033 000 0.03 003 4513 1482 024 042 009 000 000 10110 8444 1556
136 4067 000 005 002 4509 1483 024 041 010 0.00 001 10141 8442 1558
136 4019 002 0.02 002 4464 1508 022 041 0.08 000 000 10068 84.07 1593
136 40.07 000 0.06 003 4449 1511 022 036 011 000 0.00 10047 8399 16.00
136 4026 000 0.03 002 4487 1531 018 030 012 0.00 0.01 10110 8393 16.07
136 4036 000 0.05 001 4484 1505 020 036 014 001 001 101.03 84.15 1585
136 4059 0.01 0.01 0.03 4501 1521 025 036 0.14 0.01 0.00 101.63 84.06 1594
136 40.27 0.02 0.01 0.01 4530 1497 022 039 0.07 0.00 0.02 10128 8436 1564
136 4039 002 004 001 4539 1433 029 035 0.05 000 002 10089 8495 15.05
136 4034 000 0.03 002 4487 1492 028 034 005 000 000 10086 84.28 15.72
136 40.27 0.03 0.01 0.01 4521 1457 026 040 0.08 0.01 0.00 10087 8469 1531
136 4040 000 0.06 003 4558 1440 022 036 0.08 001 000 10113 8494 15.06
136 4066 000 0.06 002 4551 1427 022 041 0.05 000 003 10125 8504 1496
136 40.50 0.00 0.01 0.04 4558 1432 022 034 0.08 0.01 0.01 10111 8501 14.99
136 4069 000 0.04 002 4543 1437 026 042 0.07 003 004 10139 8492 15.08
136 4017 000 0.03 003 4527 1426 026 038 0.08 000 0.00 10051 8497 15.03
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Lithology [Sample Si0O2 TiO2 A203 Cr203 MgO FeO MnO NiO CaO Na20 K20 Total Fo Fa
IL51 3934 002 002 001 4138 1833 032 034 019 002 0.00 10006 80.09 19.91
IL51 3928 0.05 001 005 4090 1869 029 026 007 003 000 99.64 7959 2041
IL51 3928 0.03 002 003 4194 1830 029 035 0.18 001 001 10044 80.33 19.67
IL51 3910 004 002 002 4116 1879 032 032 008 003 000 9988 7961 2039
IL51 3945 002 002 005 4175 1813 031 037 0.3 000 002 100.34 8041 19.59
IL51 3936 0.04 003 001 4120 1829 029 041 028 000 001 9992 8006 19.94
IL51 3960 000 001 001 4164 1838 030 035 012 000 0.00 10042 80.15 19.85
IL51 3965 0.02 003 002 4143 1867 033 027 009 000 000 10053 7982 20.18
IL51 3925 0.04 002 001 4147 1893 031 036 0.12 000 000 10052 7961 20.39
IL51 39.32 0.02 002 003 4204 1778 032 031 0.14 001 001 100.01 8082 19.18
IL51 39.76 0.02 004 003 4153 1841 036 039 007 001 000 10063 80.08 19.92

Hzb  (IL51 3958 0.03 001 002 4235 1740 025 030 006 000 002 100.03 8126 18.74
IL51 3948 0.08 005 001 4127 1872 032 030 000 001 000 10019 79.71 20.29
IL51 3951 0.00 002 000 4146 1823 029 032 0.13 007 001 100.05 8021 19.79
IL51 3948 000 005 003 4158 1813 030 031 007 000 0.00 9996 80.34 1966
IL51 3951 0.00 004 005 4184 1870 025 027 0.12 004 001 10082 7995 20.05
IL51 39.74 0.01 004 004 4145 1829 032 029 0.3 002 000 100.33 80.15 19.85
IL51 3955 002 000 004 4083 1919 033 032 009 003 000 10042 79.12 2087
IL51 3996 0.00 002 004 4175 1873 029 029 0.10 002 003 101.24 7988 20.12
IL51 3967 0.00 003 003 4159 1841 029 029 0.12 004 000 10048 80.10 19.90
IL51 3955 002 000 001 4159 1862 0.36 033 008 002 001 10059 7992 20.08
IL51 3964 001 003 003 4171 1885 030 030 005 002 000 10094 7977 20.23
IL51 3958 0.00 002 003 4243 1752 029 029 0.10 004 000 10029 8119 18.81
IL18 3994 0.02 004 004 4453 1448 022 038 009 000 000 9974 8456 1544
IL18 3992 0.02 004 003 4481 1453 027 041 012 002 0.00 10017 8461 1539
IL18 4053 0.02 005 003 4482 1416 017 042 014 002 0.00 10036 8491 1506
IL18 4028 0.03 008 004 4478 1434 021 031 014 000 0.01 10023 8477 1523
IL18  40.31 0.00 002 003 4479 1424 020 049 016 002 0.00 10027 8486 15.14
IL18 4058 0.02 000 002 4459 1423 024 038 017 000 0.03 10028 8481 1519
IL18 4058 0.00 002 003 4447 1424 020 051 011 000 0.04 10019 8476 1524
IL18 4066 0.01 007 004 4456 1429 026 040 018 000 0.00 10047 8475 1525
IL18 4075 0.03 005 002 4462 1460 019 043 0.11 000 001 100.82 8448 1552
IL18 4056 0.01 001 006 4472 1446 023 044 015 000 0.02 10065 8464 1536
116 3991 0.00 006 002 4429 1539 0.18 0.38 009 000 000 100.32 83.69 16.31
116 4014 000 002 0.03 4423 1570 025 0.39 0.07 001 000 100.82 8339 16.61
116 4040 000 004 004 4434 1567 022 033 010 000 003 10116 8345 1655
116 4050 000 004 002 4451 1556 023 036 0.06 000 002 10132 8360 1640
116 4019 000 003 0.04 4420 1522 024 031 014 000 000 10047 8383 16.16
116 4014 000 003 0.03 4379 1591 024 035 012 000 000 10062 83.06 16.94

Whr 1116 4018 000 0.02 003 4418 1517 021 036 0.13 001 002 10030 8384 16.16
116 3968 0.00 003 002 4432 1534 023 040 008 001 002 10014 8373 16.27
116 4041 000 000 003 4456 1528 0.19 0.38 0.07 000 000 10092 8386 16.14
116 4046 000 0.01 004 4464 1557 019 034 009 001 000 101.36 8363 16.37
116 4023 000 007 005 4491 1508 024 037 0.09 002 000 101.07 8414 1585
116 4031 000 001 002 4494 1491 025 034 005 001 001 10086 8430 1570
116 4051 000 006 0.02 4490 1497 027 037 004 000 000 10114 8424 1576
116 4035 000 003 0.00 4457 1523 021 029 017 000 0.00 10085 8391 16.09
116 4010 000 001 001 4436 1528 021 029 010 000 004 10040 8380 1620
116 40.32 000 003 0.01 4484 1544 023 035 012 000 000 10134 8380 1620
116 4018 000 004 003 4442 1531 020 032 011 000 001 10061 8380 1620
116 4037 000 0.03 001 4457 1498 022 031 006 000 001 10057 8414 1586
116 40.38 000 006 0.04 4490 1484 023 034 0.08 000 000 10087 8435 1564
116 4010 000 003 0.05 4498 1494 023 036 007 000 002 10079 8429 1571
116 4019 000 0.05 005 4447 1533 026 032 0.10 0.00 004 10083 8379 16.21
116 40.06 000 001 003 4384 1629 026 027 010 0.00 004 10090 8275 1725
116 4024 000 005 004 4405 16.02 021 035 0.09 000 000 101.06 83.05 16.95
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Lithology |Sample SiO2 TiO2 Al203 Cr203 MgO FeO MnO NiO CaO Na20 K20 Total Fo Fa
116 40.05 0.01 0.04 005 4407 1599 025 035 0.09 0.00 0.00 10091 83.08 16.92
116 3994 000 009 003 4402 1583 022 035 0.11 0.03 0.03 10064 83.21 16.79
116 40.34 0.01 0.07 003 4417 1609 024 035 013 000 0.01 10144 8303 16.97
116 39.72 002 009 005 4419 1630 027 035 0.11 0.00 0.01 10112 8285 17.15
116 4012 000 0.04 002 4365 1647 023 031 013 001 000 101.00 8252 17.48
116 4047 000 0.05 000 4441 16.12 030 033 012 000 0.00 101.78 83.08 16.92
116 3998 000 0.01 0.00 4408 16.00 024 038 0.12 000 0.00 10082 83.07 16.93
116 4030 0.00 0.03 002 4368 1628 022 038 0.06 001 000 10098 8270 17.30
116 39.86  0.01 0.02 002 4384 1647 032 029 0.09 002 0.00 10094 8259 17.41
116 4020 002 005 002 4358 1625 023 029 007 002 0.00 10074 8269 17.31
116 3994 000 004 000 4386 1650 025 028 006 0.02 0.00 10095 8257 1743
116 4043 000 0.03 001 4470 1450 016 037 0.05 001 000 10027 8460 1540
116 40.80 0.00 0.01 005 4474 1484 015 029 005 0.00 0.02 10096 8430 1569
116 40.21 000 006 0.04 4488 1455 021 031 008 0.00 0.02 10036 84.61 15.39
116 3996 000 000 0.02 4361 1619 020 037 013 0.00 0.00 10048 8276 17.24
116 40.20 0.01 0.03 003 4411 1557 026 037 014 002 002 10075 8347 16.53
116 40.08 000 0.08 005 4409 1578 019 029 017 002 0.00 10076 8328 16.72
116 40.07 000 0.02 002 4408 1584 021 037 013 000 0.02 100.77 8321 16.78

Whr 116 39.78 0.00 004 002 4365 1612 028 036 0.14 0.00 0.00 10039 8283 17.17
116 4030 000 0.04 003 4414 1581 020 033 016 000 0.01 101.02 8326 16.74
116 40.02 0.00 003 0.04 4454 1490 022 038 0.08 0.03 0.01 10025 8420 1580
116 3996 0.00 0.01 0.02 4471 1505 021 036 0.06 0.00 0.00 10040 84.11 1589
116 40.51 0.00 000 0.01 4497 1487 021 028 007 0.02 0.01 10096 8435 1565
116 40.51 0.00 002 0.03 4499 1484 019 036 005 0.01 0.00 101.00 8438 1561
ILL3 4036 000 0.03 001 4557 1416 023 039 010 0.02 0.00 10087 8515 14.85
ILL3 4065 000 0.03 003 4548 1431 026 035 0.05 0.00 0.00 10117 8499 15.01
ILL3 4073 002 003 002 4525 1423 020 041 013 002 002 101.07 8500 15.00
ILL3 4067 000 0.02 001 4483 1525 029 041 010 0.00 0.00 10158 8397 16.03
ILL3 4049 0.00 0.01 0.00 4462 1515 020 031 0.07 0.01 000 10086 84.00 16.00
ILL3 40.61 0.00 003 0.02 4450 1500 020 042 009 0.00 0.00 100.88 84.09 1591
ILL3 40.31 0.04 0.01 0.01 4438 1506 025 004 0.10 0.00 0.02 10058 84.00 16.00
ILL3 4029 0.00 002 0.03 4489 1462 023 039 0.06 0.00 0.02 10055 8455 1545
ILL3 40.08  0.01 0.03 000 4510 1507 024 036 0.03 000 0.00 10096 8421 1579
ILL3 39.95 0.01 0.00 002 4500 1471 021 036 0.06 001 0.01 10034 8449 1551
ILL3 40.51 000 004 0.01 4465 1502 024 038 0.06 0.00 0.02 10093 8412 1588
ILL3 4082 0.00 0.01 0.03 4554 1441 019 037 0.07 0.00 0.00 10144 8492 1508
ILL3 4066 000 0.08 002 4513 1438 024 044 007 002 003 101.07 8483 1517
ILL3 4032 000 005 003 449 1422 023 040 0.08 000 000 10030 8492 15.08
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Table 2

Locality [Lithology|Sample SiO2 TiO2 A203 Cr203 FeO MnO MgO CaO Na20 K20 Total En Wo Fs
69 52.74 027 232 095 571 0.16 1719 2055 0.14 0.03 100.12 5299 37.54 947
69 5146 031 267 092 6.18 0.11 17.27 2010 0.24 0.00 9932 5199 41.11 6.90
69 5245 102 208 0.17 636 0.19 1657 2145 0.33 0.01 100.67 49.32 4255 8.13
69 5261 1.12 233 0.15 6.50 0.14 16.02 2148 044 0.00 100.85 4940 4082 9.79
IL9 5289 027 201 079 6.14 019 17.77 19.76 023 0.02 10021 5355 37.66 8.79
IL9 5262 028 187 093 566 0.10 17.64 2020 0.22 0.01 99.66 5321 3882 797
IL9 5278 024 179 078 579 021 17.64 2007 0.16 0.01 99,54 53.13 38.09 8.78
IL9 5280 032 250 080 573 0.12 1640 2095 0.25 0.00 100.00 49.71 4054 9.75
IL9 5335 024 164 072 619 0.19 18.06 1889 0.27 0.03 99.65 54.31 3533 10.36
IL9 5295 026 192 073 594 0.14 1743 1979 021 0.02 9950 53.08 36.77 10.15
IL10 5272 024 198 094 620 020 1743 20.15 0.14 0.00 100.10 52.61 38.03 9.36
IL10 5236 051 240 066 669 0.16 16.70 21.04 0.31 0.00 10091 50.12 4192 7.95
IL10 5277 024 206 087 6.14 0.15 16.91 2065 0.21 0.02 100.11 51.79 3869 9.52
IL10 5244 041 240 079 6.73 019 17.21 1997 0.18 0.01 10043 5231 37.88 9.81
IL10 5267 042 252 075 6.84 020 16.90 20.09 0.27 0.00 100.72 5218 37.39 1043
IL10 5225 050 259 065 6.74 019 1740 2023 0.31 0.01 10098 5144 4137 7.19
IL10 5145 094 231 047 653 020 1598 21.06 040 0.03 9941 4925 4239 8.36
IL10 5158 083 214 042 700 030 1563 2135 036 001 9970 47.86 43.15 8.98
IL10 5125 097 240 050 6.81 0.19 1587 2119 0.29 0.00 9949 4874 4235 891
IL10 5158 1.01 233 047 654 019 16.20 2094 0.34 0.00 9967 4968 4153 8.80
IL10 5234 025 200 094 585 0.10 16.90 21.04 0.22 0.03 9974 51.08 4121 7.70
IL10 5222 023 200 092 6.37 012 16.7520.24 026 001 99.17 5162 38.86 9.52
IL10 5238 025 195 094 583 013 17.18 2075 025 0.00 99.76 51.67 4095 7.38
IL12 5215 1.03 230 034 695 0.14 1578 2112 0.36 0.01 100.19 49.01 40.06 10.92
IL12 5286 087 185 033 667 017 1588 2122 0.37 0.00 10024 4845 40.25 11.30

Mako Lhz |iL12 5327 034 251 101 640 0.16 17.18 19.70 0.19 0.00 100.83 53.91 34.82 11.27
IL12 5261 067 241 065 7.23 024 1694 1935 025 0.00 10040 5225 3546 12.30
IL12 5164 089 240 044 694 019 16.00 20.76 0.35 0.03 9968 4962 40.71 9.67
IL12 5169 1.01 281 042 648 0.18 1533 2143 0.38 0.01 9979 47.79 4179 1042
IL12 5184 059 267 063 7.00 017 16.33 205 0.34 0.00 100.11 5051 40.20 9.29
IL12 5333 022 206 095 627 013 17.87 19.15 0.20 0.01 100.24 5453 34.74 10.73
IL12 5197 062 260 062 6.74 020 16.37 20.75 0.28 0.00 10021 5053 40.12 9.35
IL12 5295 028 212 083 6.36 0.12 17.34 1967 025 0.00 99.97 53.09 36.29 10.62
IL12 5238 032 254 086 658 0.18 16.90 2026 0.27 0.01 100.32 5210 3862 9.29
IL12 5210 059 252 056 6.70 0.14 16.3520.80 0.31 0.00 100.12 5047 40.05 947
IL12 5293 023 198 088 640 0.16 1743 19.84 029 0.00 10020 5298 37.68 9.34
IL12 5258 023 223 1.00 6.00 0.14 17.21 2035 021 000 99.95 5280 38.20 9.00
IL12 5250 032 224 082 6.59 0.14 16.84 20.04 027 002 9980 5220 37.51 10.30
IL12 5248 030 229 091 632 0.14 1664 2038 026 000 99.80 5058 39.38 10.03
IL12 5237 037 251 089 587 0.13 16.32 21.00 045 0.01 9997 5056 4124 8.20
IL12 5196 069 262 059 7.11 0.16 16.24 20.27 0.34 0.00 9999 5085 3841 10.74
IL12 5279 024 204 085 6.13 0.17 16.75 20.78 0.34 0.01 100.12 5149 39.74 877
IL12 5232 061 238 062 656 0.18 1598 2099 041 0.00 100.09 5027 39.72 10.01
IL12 5241 064 229 080 658 0.16 16.04 2060 0.39 0.02 99.95 5046 3853 11.01
IL12 5253 061 213 069 6.37 0.14 1578 2150 046 0.01 10024 4947 41.05 948
IL12 5254 021 207 093 6.16 0.16 1644 2115 027 0.02 9999 5055 4058 8.87
IL12 5167 077 254 052 664 018 1571 2120 0.27 0.01 9954 4943 40.21 10.35
IL12 5181 077 251 053 7.19 0.18 16.3520.30 0.27 0.00 99.97 5044 39.12 1043
IL12 5150 031 270 088 6.64 017 1596 2090 025 0.00 9938 50.11 4052 9.37
IL12 5299 023 205 093 6.33 0.12 16.51 2075 0.38 0.02 10038 5121 39.01 9.78
IL12 5274 040 224 086 6.34 017 16.29 20.71 043 0.00 10024 5112 38.90 9.98
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Locality |Lithology|Sample  Si0O2 TiO2 A203 Cr203 FeO MnO MgO CaO Na20 K20 Total En Wo Fs
IL12 5245 026 218 090 6.05 0.17 1655 2106 038 0.02 100.05 5097 4130 7.73
IL12 5302 030 197 087 645 020 1655 2038 040 0.01 100.16 5125 38.35 10.40
IL12 5173 076 264 060 655 018 16.05 2076 032 0.00 9959 50.71 39.22 10.06
IL12 5154 022 214 102 637 015 1666 2066 023 0.03 99.08 5027 4227 746
IL12 5207 035 223 075 6.80 018 1656 1966 047 0.01 9910 5211 3819 9.70
IL12 5288 0.19 200 092 6.07 010 1740 2046 023 0.02 10036 5232 3927 841
IL12 5305 022 202 094 585 013 1743 2037 025 0.00 100.30 53.09 38.10 8.81
IL12 5266 053 205 084 6.69 018 1624 2050 042 0.00 100.17 5062 38.72 10.66
IL12 5244 030 220 087 6.23 016 1626 21.01 040 0.00 99.89 50.80 40.30 8.90
IL12 5238 019 177 081 588 013 1781 2040 023 0.00 9962 5198 4189 6.13
IL12 5234 081 237 040 6.74 017 1628 2063 0.31 0.01 100.08 5047 3872 10.81
IL12 5182 078 189 033 744 016 16.10 2091 035 0.02 99.81 48.03 43.05 8.92
IL12 5181 030 271 110 586 0.15 1630 21.17 034 0.00 99.77 5145 4095 7.60
IL12 5199 023 234 101 566 009 17.08 2093 0.19 0.01 9959 5182 4122 6.96
IL12 5226 078 226 048 6.76 0.18 1588 21.04 041 0.03 100.06 4966 4021 10.13
IL12 5159 032 225 102 642 0.16 1647 2034 045 0.00 99.09 5087 4172 742
IL12 5259 020 209 100 622 0.10 1730 2026 0.30 0.00 100.06 52.38 39.48 8.14
IL12 5265 019 197 088 573 017 1696 21.07 023 0.00 99.93 5139 4069 792
IL12 5234 022 212 092 587 012 1691 2076 020 0.00 9946 51.75 39.68 857
IL12 5196 068 245 054 6.90 025 1580 2097 038 0.03 100.06 4951 4054 9.95
IL12 5183 060 258 055 714 021 1678 1991 031 0.00 99.97 5130 3933 9.36
IL12 5165 076 247 055 733 021 1640 2056 034 0.02 10035 4948 4200 8.52
IL12 5229 088 236 043 715 021 1619 2061 031 0.00 100.51 50.08 3881 11.11
IL12 5213 089 254 051 6.96 015 16.01 2070 0.31 0.00 100.24 50.06 38.58 11.36
IL12 5183 062 217 061 6.62 016 16.01 2059 037 0.00 99.01 50.33 39.59 10.08
IL12 5160 091 239 038 6.83 015 16.17 2060 0.38 0.00 9945 4952 4124 923
IL12 5121 090 261 049 691 012 1586 2046 049 0.03 99.13 4955 4147 8.98

Mako Lhz IL12 5143 076 272 070 6.94 012 1597 2069 036 0.02 99.71 50.11 4043 945
IL12 5247 048 226 069 724 016 1699 1924 027 0.01 99.83 5242 3580 11.78
IL12 5193 052 249 066 712 022 16.14 2076 036 0.02 10027 4963 4124 9.3
IL12 5239 052 256 067 6.39 013 16.19 21.02 036 0.02 100.37 50.86 39.46 9.68
IL12 5168 072 276 080 6.90 015 1584 2060 037 0.00 99.85 5065 38.71 10.64
IL12 5274 035 197 065 650 020 1645 2039 044 0.00 99.73 5108 39.00 9.92
IL12 5186 0.70 257 050 654 018 16.13 20.74 034 0.01 9959 4959 4082 959
IL12 5157 083 246 044 715 020 16.00 20.74 027 0.00 99.74 4929 40.59 10.12
IL12 5186 050 236 065 7.04 019 1627 2046 041 000 99.80 5012 4098 8.91
IL12 5145 084 238 066 710 017 16.16 2039 035 0.00 9958 5005 4029 965
136 5253 038 286 092 483 016 1740 2063 027 0.00 100.05 5492 3744 764
136 5249 039 283 090 5.08 017 1799 2029 020 0.00 10040 5519 38.05 6.76
136 5272 033 293 092 469 011 1706 2175 0.19 0.00 100.77 53.31 39.60 7.08
136 5312 030 241 097 471 013 1794 2029 020 0.02 10021 5525 36.65 8.09
136 5331 033 239 096 4.85 011 1799 2044 0.17 0.00 100.63 54.95 36.74 8.31
136 5298 030 242 097 484 011 1813 2036 020 0.00 10040 55.38 3750 7.11
136 5246 033 284 108 497 013 1760 2052 0.18 0.00 100.18 55.04 37.30 7.66
136 5328 031 286 105 527 014 1839 19.18 023 0.01 100.79 57.16 33.64 9.20
136 5287 032 289 110 5.04 009 1809 20.10 0.16 0.01 100.77 56.19 3567 8.14
136 5314 030 276 098 513 011 1797 2034 020 0.00 100.99 5547 36.38 8.14
136 5252 037 299 116 512 010 1789 2021 0.19 0.00 100.62 54.33 3826 7.40
136 5285 024 192 091 472 009 1861 2034 020 0.01 9998 5465 40.15 5.19
136 5273 024 188 091 463 0.10 1874 2040 021 0.00 9991 5455 4113 432
136 5354 030 145 064 416 0.14 16.66 2283 047 0.02 10027 5054 4435 5.11
136 5283 061 208 077 482 010 16.76 22,02 050 0.03 10059 51.14 4342 544
136 5309 063 242 082 464 014 1675 2157 058 0.00 100.71 5295 4048 6.57
136 5292 052 281 092 516 018 1761 20.11 044 0.01 100.75 5556 36.72 7.72
136 5306 0.19 204 120 435 014 1829 2056 021 0.00 100.13 5551 3843 6.07
136 5313 025 219 099 470 012 1802 2030 030 0.05 100.09 5547 3751 7.01
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Locality |Lithology|Sample Si02 Ti02 A203 Cr203 FeO MnO MgO CaO Na20 K20 Total En Wo Fs
136 5348 0.21 193 093 457 005 1834 2074 020 0.02 10060 54.78 3876 6.46
136 5311 022 208 106 459 011 1794 2098 0.23 0.02 10037 5422 39.62 6.16
136 5343 026 204 106 476 014 1816 2050 0.24 0.02 100.73 5423 3871 7.06
136 5372 022 211 111 485 0.15 1866 19.78 0.20 0.00 100.85 56.32 3562 8.05
136 5421 020 156 095 463 013 1889 2070 019 0.00 10152 5485 3899 6.16

Lhz 136 5393 020 180 098 450 0.08 1871 2075 0.22 0.00 10125 5509 3898 5093
136 53.66 0.21 189 1.04 459 012 1837 20.81 020 0.00 10092 5480 3869 6.51
136 5355 020 182 098 444 009 1839 2083 019 0.00 100.60 54.75 3895 6.30
136 5332 020 165 096 437 012 1878 2047 019 0.00 100.08 5507 39.63 5.30
136 5367 019 182 098 467 011 1882 1999 019 0.00 10050 56.15 36.82 7.04
136 5359 025 200 099 463 007 1857 2061 017 0.01 10098 5520 3831 6.49
136 5347 024 194 098 471 010 1847 2045 017 0.02 100.64 5516 3799 6.85
L18 5348 025 231 102 453 0.15 1796 2047 0.21 0.00 10048 5540 36.75 7.84
L18 5283 027 234 101 425 010 1873 2019 017 0.00 99.99 5648 38.02 550
L18 5401 027 221 098 477 020 1828 2000 017 0.00 100.94 5645 3529 8.27
L18 5389 027 218 102 440 016 17.72 2090 0.17 0.00 100.80 5526 37.04 7.70
IL18 5355 038 298 089 501 017 1790 2024 018 0.01 10143 5368 37.89 842
IL18 5370 035 288 092 506 010 1792 2019 015 0.00 10140 53.77 37.71 852
L18 54.77 0.01 079 036 218 0.04 1828 2430 010 048 10143 50.74 4840 0.86
IL18 5538 002 030 033 165 0.06 18.00 2472 010 0.14 100.88 5017 4724 258
MNKT312 5272 095 250 088 469 013 17.08 2098 0.30 0.00 100.30 53.73 37.98 8.28
MNKT312 53.12 088 2.06 073 457 014 1753 2102 0.32 0.01 10045 5348 38.81 7.70
MNKT312 5285 113 246 080 445 017 16.92 2167 0.37 0.02 10095 51.78 40.70 7.52
MNKT313 54.04 025 171 086 439 017 1821 2037 020 0.00 100.30 5553 36.96 7.50
MNKT313 5374 024 169 087 358 013 17.64 2189 022 0.02 100.14 5344 4047 6.09
MNKT313 53.57 0.21 181 090 345 0.16 1892 20.78 023 0.01 10014 56.44 39.14 442
MNKT313 5387 032 249 117 459 011 1840 1983 0.20 0.01 101.05 5747 3449 8.04
MNKT313 5345 064 227 082 463 0.06 17.62 2077 027 0.00 10064 5453 3743 8.04

Mako MNKT313 53.14 059 217 091 462 013 17.64 2076 0.28 0.02 10047 54.14 38.01 7.84
116 5305 0.17 221 096 6.33 014 1899 1820 0.20 0.01 100.36 56.81 34.20 8.99
116 5348 0.17 218 101 635 018 19.01 1812 0.20 0.02 100.80 57.29 3278 9.93
116 5299 0.18 239 101 6.04 015 1857 1860 0.18 0.00 100.17 56.72 33.74 9.53
116 5285 0.19 242 105 580 018 1826 1944 021 0.03 10050 5542 36.54 8.04
116 53.16 0.17 216 112 517 014 1791 2053 0.26 0.01 100.72 5431 3870 6.99

Whr 1116 5381 014 192 097 648 019 1974 1731 023 0.02 100.84 5852 3181 9.67
116 5363 0.18 198 107 525 015 1831 1976 025 0.00 100.68 5540 36.10 8.50
116 5333 0.15 199 107 567 012 1932 1858 0.18 0.00 10045 57.18 35.00 7.82
116 5344 017 189 101 505 018 1772 2061 021 0.00 10032 53.73 3790 8.37
116 5335 0.19 213 107 545 014 1855 1966 0.26 0.00 100.86 5563 37.05 7.32
116 5348 0.17 202 104 536 015 1779 2005 0.24 0.02 100.36 5427 36.55 9.17
116 53.78 0.17 208 096 630 012 1941 1772 021 0.00 100.83 57.94 3193 10.13
116 5406 0.16 206 097 593 015 1880 1842 0.21 0.00 100.83 57.20 32.67 10.12
116 5341 0.16 2.1 102 541 013 1791 2023 024 0.03 100.73 5455 37.14 8.31
116 5383 0.16 191 092 6.11 018 1946 1823 0.18 0.00 101.05 57.32 33.72 8.96
116 53.09 0.19 201 101 495 0.13 1759 2064 028 0.00 99.98 5402 3839 7.59
116 5367 0.18 208 096 657 019 1911 1755 021 0.00 100.61 5740 3152 11.07
116 5367 0.18 202 101 584 015 1839 1891 0.18 0.01 10044 56.11 33.89 10.00
116 5331 0.17 203 102 546 016 1884 1929 024 0.01 10057 5545 3743 7.13
116 54.03 0.17 1.97 095 655 019 1954 1715 0.17 0.02 100.84 5859 3041 11.01
116 5442 014 164 085 657 0.18 2093 1584 0.18 0.04 100.80 60.89 28.51 10.60
116 5331 016 187 1.03 489 0.15 1766 2097 025 0.02 100.37 5360 3923 7.16
116 5354 014 205 1.05 570 0.14 1912 1845 0.27 0.00 10048 57.63 33.84 8.53
116 53.89 0.10 1.69 091 6.51 0.13 2023 16.71 024 0.02 10048 5938 31.14 948
116 5356 0.17 2.04 1.09 646 0.14 1982 1731 0.24 0.01 10087 5862 3237 9.01
116 53.47 0.15 213 125 499 0.18 18.18 19.72 0.27 0.03 10043 5581 3568 8.51
116 5358 0.16 203 1.04 573 019 1844 19.03 0.19 0.00 10048 5593 3433 9.74
116 5392 0.14 1.93 1.00 599 0.13 19.13 1851 0.24 0.00 101.06 57.03 33.71 9.26
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Locality [Lithology|Sample SiO2 TiO2 A203 Cr203 FeO MnO MgO CaO Na20 K20 Total En Wo Fs
116 5365 0.14 205 097 6.16 020 19.18 1791 0.23 0.01 10051 5761 3245 9.94
116 5337 017 222 106 531 013 1836 1959 026 0.01 10052 56.04 3578 8.18
116 5351 0.15 206 106 577 018 1870 1880 0.25 0.01 10056 56.64 34.31 9.05
116 5371 014 192 100 584 0.16 1876 18.89 024 0.03 100.71 56.30 3459 9.11
116 53.84 0.17 205 103 6.09 0.08 1952 1783 0.18 0.03 100.88 58.12 3194 994
116 5274 034 262 104 542 012 1740 2035 031 0.00 10034 5452 3722 826
116 5270 025 256 095 549 020 1835 1955 0.33 0.00 10040 5569 37.89 6.41
116 5286 022 258 095 630 0.17 1866 1835 0.28 0.02 10039 56.84 34.36 8.80
116 5293 024 241 092 572 015 1801 1994 026 0.00 10064 5453 37.88 759
116 5315 019 235 098 580 0.14 1819 1929 029 0.02 10042 5583 3542 875
116 5331 022 253 099 626 017 1854 1854 021 0.00 100.84 56.61 33.09 10.30
116 5314 022 271 098 617 017 1873 1785 0.20 0.00 100.23 5797 31.33 10.70
116 5275 028 294 103 632 019 1836 1860 021 0.00 100.77 5520 3535 945
116 5265 026 297 096 6.70 0.16 1806 1844 026 0.00 10047 56.34 33.18 1048
116 5236 023 282 101 573 021 1842 1885 0.35 0.00 10010 56.78 36.27 6.95
116 5312 024 276 098 619 0.14 1823 19.07 026 0.02 101.07 56.09 3454 937
116 5242 045 303 073 653 020 18.10 1911 025 0.02 10090 5510 3649 8.41
116 5283 045 284 082 666 021 1832 1834 035 0.00 100.84 56.55 33.84 961
116 5232 046 297 077 6.04 019 1732 2008 0.35 0.01 10057 5391 3814 7.95
116 5250 033 360 096 643 014 1730 1933 027 0.02 10097 55.38 33.81 10.81
116 5175 035 352 097 574 016 1755 1944 038 0.00 9991 56.02 3666 7.31
116 5245 034 357 101 628 014 1736 1923 025 0.01 10073 5556 3347 1097
116 5147 0.31 341 095 660 017 1799 1874 032 0.00 9996 5438 3866 6.96
116 5279 020 263 097 627 018 1829 1838 022 0.00 9998 5665 33.05 10.30
116 5258 022 249 093 620 0.17 19.18 1747 032 0.03 9965 5839 3343 8.19
116 5309 022 237 097 634 019 1978 16.98 0.21 0.00 100.16 5943 3131 9.26
116 5346 0.21 240 096 574 012 1861 1838 0.23 0.04 100.19 5742 3264 993

Mako Whr (116 5258 050 279 096 575 0.6 17.32 20.02 033 0.00 10051 5455 3645 9.00
116 5242 056 278 095 596 010 1733 20.15 030 0.01 10056 52.85 3863 852
116 5300 019 230 104 551 013 1864 1873 022 0.05 9986 57.17 34.05 877
116 5321 018 214 099 569 0.14 1859 19.09 027 0.03 10036 56.19 3573 8.08
116 53.16 0.21 234 094 591 014 1832 1888 0.24 0.01 100.15 56.04 3425 9.71
116 5337 0.15 207 097 584 020 1882 1844 024 0.01 100.16 57.04 33.73 9.23
116 53.07 017 2.1 106 566 020 1822 1934 0.28 0.03 10024 5562 36.19 8.19
116 5256 024 270 106 6.16 0.15 1804 19.05 026 0.01 10027 5573 3536 890
116 5244 025 296 104 620 012 1864 1856 0.18 0.01 10044 56.84 34.73 843
116 5195 028 318 104 6.16 013 1775 1947 0.23 0.03 10028 53.72 3853 7.75
116 52.07 029 304 098 558 0.16 17.58 2047 024 0.02 10054 5286 41.03 6.11
116 53.08 022 250 106 574 013 1853 1933 022 0.01 10091 56.06 36.00 7.94
ILL3 5371 017 223 108 512 0.09 1905 1886 023 0.00 10061 5759 33.79 862
ILL3 5371 019 221 115 519 0.09 1895 19.09 0.26 0.00 100.89 57.38 3440 8.22
ILL3 5362 017 213 111 505 0.15 1860 1955 022 0.01 10068 56.36 3529 8.34
ILL3 5356 0.19 215 113 511 013 1924 19.12 027 0.00 10099 5751 3572 6.76
ILL3 5360 0.16 190 101 457 0.15 18.16 2069 022 0.00 10045 54.80 38.09 7.11
ILL3 5368 0.17 204 101 517 012 1923 1901 020 0.03 10071 5751 3476 7.73
ILL3 5360 0.18 222 114 494 011 1846 1970 0.18 0.00 10062 56.36 35.18 845
ILL3 5355 0.19 224 099 537 0.16 19.13 1872 020 0.01 10061 57.74 33.76 850
ILL3 5319 020 255 107 535 017 1879 1922 022 0.00 100.84 57.08 3536 7.56
ILL3 5359 025 265 109 515 013 1836 1986 027 0.01 10141 5643 3541 8.16
ILL3 53.09 022 241 097 518 0.11 19.01 1872 034 0.00 100.09 58.04 3491 7.05
ILL3 5367 0.18 217 101 518 0.14 1921 1888 032 0.01 10084 57.90 3490 7.19
ILL3 5380 020 2.11 104 524 019 1912 19.03 0.26 0.02 101.08 57.58 3458 7.85
ILL3 5298 022 250 111 5.00 0.15 1821 1994 021 0.00 10036 54.78 37.77 7.44
ILL3 5340 0.16 201 099 597 020 2046 16.86 022 0.00 10038 60.02 3226 7.72
ILL3 5320 004 225 098 509 0.12 1869 1938 020 0.00 100.14 56.70 3574 7.56
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Locality [Lithology|Sample SiO2 TiO2 A203 Cr203 FeO MnO MgO CaO Na20 K20 Total En Wo Fs
ILL3 5324 017 214 094 555 021 1957 1776 017 0.00 99.76 59.03 3221 8.76
ILL3 5284 026 224 100 554 015 1947 1828 0.17 0.01 10002 57.88 3490 7.22
ILL3 5240 0.31 300 105 531 015 1803 19.34 021 0.00 9981 56.83 3454 863
ILL3 5230 033 306 102 550 0.16 1785 1992 023 0.00 10047 5404 3871 725
ILL3 5364 015 229 099 554 019 19.18 1794 021 0.00 10045 5869 3179 952
ILL3 5285 0.16 2211 1.05 548 014 1932 1833 0.18 0.00 99.90 57.87 3466 747
ILL3 5426 010 1823 096 564 0.15 2055 1662 0.14 0.00 10031 61.27 29.30 943
ILL3 5385 0.14 180 096 561 021 1999 1769 027 0.00 10067 59.07 33.09 7.83
ILL3 5266 0.17 216 107 454 010 1737 2120 034 0.01 9966 5360 40.71 569

Mako Whr  {LL3 5336 0.16 172 091 575 0.13 2080 16.84 024 0.00 100.04 59.89 3355 6.55
ILL3 5383 0.16 187 099 510 0.13 1843 1947 035 0.01 10044 5578 3583 839
ILL3 5276 0.16 2,02 102 415 014 1707 2197 025 0.01 9962 5261 4160 579
ILL3 5346 016 180 090 577 0.12 2051 16.71 026 0.00 99.74 6046 3164 7.90
ILL3 5381 0.16 190 100 437 010 1795 2069 025 0.00 10027 5481 37.71 7.48
ILL3 5333 0.14 214 098 438 0.14 1832 2049 030 0.03 10039 5571 3846 583
ILL3 5362 017 200 105 422 0.08 1757 2108 025 0.00 10010 5435 3831 7.33
ILL3 5359 017 213 097 551 011 1974 1761 020 0.00 10010 59.23 3163 9.14
ILL3 53.62 0.11 169 084 6.01 015 2108 16.06 023 0.00 9986 60.66 3148 7.86
ILL3 5330 0.14 184 100 472 015 1795 2074 030 0.00 10022 5350 4022 6.27
Lo114 5271 020 3.05 1.08 453 0.14 16.33 2240 046 0.00 10094 5252 4191 557
Lo114 5234 017 299 112 444 014 1652 2189 0.37 0.01 100.08 53.31 4058 6.11
Lo114 5228 023 294 110 428 0.09 1637 2276 0.39 0.02 10047 5175 43.96 4.28
Lo114 5278 025 285 111 478 004 1714 2093 042 0.00 10039 5461 3825 7.13
Lo114 5259 024 289 104 521 016 1747 2025 037 0.03 10029 5522 3755 7.23
Lo114 5288 040 254 084 476 011 1730 2110 0.37 0.00 100.38 54.08 39.13 6.78
Lo114 5282 0.16 280 1.10 440 0.14 16.38 2260 028 0.00 100.73 5211 4128 6.61
Lo114 5268 020 279 105 433 0.12 1656 2235 039 0.00 10052 5257 4192 551
Lo114 5199 022 342 119 426 018 1712 2143 044 0.00 10029 53.35 4282 3.82
Lo114 5226 0.31 251 083 427 0.07 1674 2181 042 000 9925 5287 4187 525
Lo114 5156 0.15 294 110 438 0.16 1796 20.68 0.36 0.00 99.36 54.92 4261 247
Lo114 5179 018 3.07 1.06 420 0.14 1785 2124 036 0.00 9995 5446 4340 214
Lo113 53.05 0.18 279 108 442 008 1666 2237 025 0.04 10099 5258 4047 6.95

Lorabous|  Whr Lo113 5251 024 277 097 453 006 1687 2085 042 0.00 99.34 5409 3831 7.59
Lo113 5169 044 298 086 485 009 1726 2086 0.38 0.00 9945 54.00 40.95 5.05
Lo113 50.77 0.21 359 100 506 0.08 1850 1962 0.33 0.00 99.21 5588 4210 2.01
Lo113 52.07 0.16 281 098 453 0.12 1779 21.06 024 0.03 9985 54.08 4180 4.12
Lo113 5114 020 365 1.14 451 011 1774 2081 028 0.06 9973 5512 4222 266
Lo113 5229 0.15 290 095 479 0.15 1776 19.98 0.34 0.02 9935 56.15 3742 643
Lo113 5098 017 363 111 444 012 1787 2062 029 0.00 9929 5441 4327 232
Lo113 5197 0.15 336 122 436 0.14 1633 2234 0.36 0.00 10029 52.83 4225 492
Lo113 5233 023 310 100 462 0.14 1702 2114 046 0.00 100.08 5456 39.89 556
Lo113 5267 033 299 101 497 0.13 1712 2123 0.31 0.01 10077 5236 40.83 6.80
Lo113 5145 0.17 341 114 427 009 17.07 2178 036 003 99.78 5250 4480 2.70
Lo113 5169 0.16 332 117 430 0.12 1699 2191 026 0.02 10002 5340 4273 3.87
Lo113 5288 022 280 102 436 0.16 1655 2237 027 0.02 10071 5252 4067 6.81
Lo113 5079 014 379 113 461 010 1823 2023 023 0.03 9933 5500 4295 2.05
Lo113 52.05 0.19 3.02 103 454 011 1686 2161 026 000 9975 5176 4245 579
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Table 3

Locality [Lithology|Sample SiO2 TiO2 A203 Cr203 FeO MnO MgO CaO Na20 K20 Total En Wo Fs
IL9 5520 020 1.36 037 1113 023 29.09 204 0.03 0.00 99.89 8059 2.10 17.30
IL9 5510 025 160 045 1141 025 29.04 221 0.08 0.01 10048 7996 3.22 16.82
IL9 55.09 022 164 045 1120 027 2881 211 0.07 0.00 100.04 8052 191 17.56
IL10 5510 027 149 035 1224 022 2827 203 0.03 0.01 10009 79.05 175 19.20
IL12 5486 040 145 024 1342 029 2770 173 0.06 0.03 10026 7744 150 21.06
IL12 5471 044 121 018 1354 034 2779 161 004 000 9992 7724 166 21.12
IL12 5499 040 111 017 1317 031 2798 176 0.04 0.02 10003 7758 1.94 2048
IL12 5473 036 1.13 0.16 13.17 027 2798 168 0.08 0.03 9962 7756 2.13 20.31
IL12 5480 039 1.17 0.17 1305 030 28.02 171 0.02 0.01 9970 7791 173 20.35
IL12 5496 043 120 0.15 1369 024 2792 155 0.01 0.01 10024 7736 1.36 21.28
IL12 5515 045 121 016 1329 027 2785 156 0.04 0.01 10013 78.11 0.98 20.91
IL12 5515 033 123 020 1282 0.28 28.18 191 0.04 0.01 10022 7799 211 19.90
IL12 5478 036 1.31 020 1297 025 2746 185 0.07 005 9936 7786 1.51 20.62
IL12 5541 033 117 0.19 1287 030 2798 182 0.01 0.00 10009 7846 1.29 20.25
IL12 5519 034 1.18 0.19 1336 035 2802 1.83 0.03 0.03 10056 7726 2.06 20.67
IL12 5497 032 120 0.19 13.04 026 2794 181 008 003 9994 7762 2.06 20.32

Lhz |iL12 5532 037 123 0.9 1314 027 2798 185 0.03 0.02 10049 77.81 1.68 20.51
IL12 5519 034 121 020 13.10 0.27 2813 185 0.04 0.01 10041 7767 2.04 20.29
IL12 5508 035 122 020 1321 028 2806 1.83 0.03 0.00 10037 7753 1.98 2049
IL12 5479 034 115 0.18 13.00 028 2815 1.89 0.01 0.00 99.90 7755 253 19.91
IL12 5511 031 124 021 1292 027 2821 189 0.04 0.01 10026 77.83 218 19.99
IL12 5520 034 120 022 1296 029 2789 170 0.03 002 9985 7841 1.15 2044
IL12 5491 032 123 020 1283 0.26 2789 193 0.04 004 9974 7786 2.05 20.10
IL12 55,00 032 128 022 1310 028 2797 193 0.02 0.01 10022 7757 2.05 20.38
IL12 5516 032 124 022 1272 026 28.16 1.85 0.03 0.00 100.03 7842 171 19.87

Mako IL12 5469 038 143 021 1298 023 2793 181 0.05 0.02 9980 7792 1.76 20.31
IL12 5501 036 1.14 021 1301 030 28.02 178 0.02 0.01 99.92 7795 174 20.31
IL12 5470 030 1.08 020 1296 030 2766 199 0.00 0.01 9924 7750 213 20.37
136 5554 029 214 065 948 0.18 3039 210 0.06 0.01 10093 84.01 1.51 14.48
136 5549 026 203 066 931 022 2998 231 0.00 0.01 10042 84.04 132 1464
136 56.07 023 165 042 917 024 3062 210 0.00 0.00 10061 8429 154 14.17
136 5564 031 213 061 940 021 3058 217 0.03 0.00 10120 8396 1.96 14.08
136 5516 030 1.93 058 941 021 3030 229 0.01 0.02 10035 83.31 283 13.85
IL51 5547 028 130 039 1113 025 29.77 193 0.05 0.00 100.69 80.73 3.20 16.06
IL51 5595 026 127 034 1111 021 2930 196 0.04 0.02 10057 81.15 159 17.26
IL51 5554 036 141 034 1141 027 2921 171 0.05 0.03 100.38 81.01 123 17.76
IL51 5595 035 1.15 027 1132 028 2990 168 0.03 0.00 101.00 8099 1.81 17.20
IL51 5592 034 138 030 1153 027 2960 168 0.05 0.03 101.18 80.84 1.50 17.66
IL51 5576 038 142 035 1140 026 2933 164 0.03 0.04 10067 8139 086 17.75
IL51 5561 033 155 038 1129 024 2930 181 0.03 0.00 100.62 8125 1.18 17.57
IL51 5525 032 147 036 1134 027 2929 185 0.05 0.03 100.31 80.04 277 17.19

Hb IL51 5487 036 168 041 1107 027 2922 178 0.03 0.00 99.77 8136 1.34 17.30
IL51 5510 034 180 044 1123 025 2918 179 0.05 0.00 100.30 8127 1.17 1755
IL51 5454 036 168 045 1118 023 2923 190 0.05 0.00 99.73 80.76 296 16.28
IL51 5530 035 166 046 1120 024 2962 183 0.04 0.01 100.74 8120 2.09 16.71
IL51 5510 039 166 049 11.05 031 2939 175 0.04 0.00 100.28 80.72 226 17.02
IL51 5467 031 174 042 1088 0.27 2889 188 0.04 0.10 9930 8145 134 17.21
IL51 55.67 021 097 026 10.83 026 29.71 195 0.06 0.03 99.99 8093 268 16.39
IL51 5526 038 140 035 1110 025 2949 183 0.03 0.00 100.24 8043 259 16.98
IL51 5557 039 123 026 1097 024 2940 161 0.02 0.00 99.77 8197 0.88 17.15
IL51 56.11 028 097 022 1112 029 29.74 181 0.02 0.01 100.63 81.08 1.92 17.00
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Locality |Lithology[Sample SiO2 TiO2 A203 Cr203 FeO MnO MgO CaO Na20 K20 Total En Wo Fs
ILL3 5623 0.13 194 065 9.00 023 3075 225 0.05 0.00 10133 84.41 1.72 13.86
ILL3 5560 0.11 1.81 060 9.00 0.17 3047 235 0.05 0.00 10027 8395 235 13.70
ILL3 56.20 0.10 136 046 926 021 3100 215 0.04 0.01 10094 8351 3.08 13.41
ILL3 5580 0.17 189 064 9.04 022 3027 234 0.06 0.00 10051 84.07 1.84 14.08
ILL3 5561 0.12 188 062 969 021 3011 224 0.04 0.01 10064 83.12 193 1494
ILL3 5575 0.11 197 067 895 0.15 3063 231 0.03 0.01 100.71 8434 191 13.74
ILL3 5562 0.15 179 065 889 0.12 3024 231 0.02 0.01 9992 8447 160 13.93
ILL3 56.21 020 167 050 966 0.18 3052 199 0.05 0.00 101.04 83.67 148 14385
ILL3 5590 0.13 183 055 926 0.10 3063 214 0.04 0.02 10080 8398 1.85 14.17
ILL3 5595 0.13 188 063 876 0.10 3042 227 0.02 0.03 10041 8494 133 13.73
Mako Whr ILL3 5568 0.13 218 062 921 0.16 3053 231 0.06 0.00 100.97 84.02 226 13.72
ILL3 5559 0.16 220 058 926 0.10 3057 220 0.05 0.01 100.87 84.09 218 13.73
ILL3 5535 0.16 167 052 960 020 3023 200 0.03 0.01 99.84 83.41 1.96 14.63
ILL3 5557 0.18 182 059 971 020 30.09 232 0.00 0.02 10050 8297 201 15.02
ILL3 5542 0.18 154 051 955 020 3019 212 0.05 0.00 9987 83.15 241 1444
ILL3 5571 0.10 167 056 971 031 3055 206 0.04 0.00 100.72 83.07 3.10 13.82
ILL3 5534 0.12 188 067 896 0.19 3048 222 0.05 0.04 100.09 8422 243 1335
ILL3 5546 0.13 187 066 893 0.10 3057 233 0.03 0.00 10032 84.06 261 13.33
ILL3 5593 0.14 193 066 885 0.19 3051 230 0.03 0.00 10065 84.70 152 13.78
ILL3 56.06 0.10 146 053 9.02 0.13 3083 235 0.02 0.00 10062 8371 266 13.63
ILL3 5589 0.11 192 062 880 0.18 3049 223 0.04 0.03 10040 84.80 147 13.73
ILL3 5588 0.14 194 061 931 023 3048 224 0.07 0.00 10095 83.86 1.99 14.15
Table 4
Locality|Lithology|Sample  SiO2 TiO2 A203 Cr203 FeO MnO MgO CaO0 Na20 K20 Total Si XMg
L9 4194 170 1475 0.04 858 0.07 1477 1192 298 0.13 96.98 6.06 0.84
Lhz 136 4336 426 10.07 135 652 011 1589 1180 285 0.73 9751 6.35 0.81
136 4411 4.23 9.57 1.30 624 013 1735 1130 212 050 9696 6.32 0.94
136 44 .31 4.34 9.44 1.23 6.15 0.07 1713 11.76 246 047 9754 6.37 0.87
Hzb IL51 4562 458 7.97 0.74 720 014 1727 1071 268 048 9752 6.52 0.90
IL51 4646 1.38 8.84 1.06 6.79 013 1746 1219 206 0.30 96.85 6.67 0.89
o 116 4443 357 9.43 0.28 703 011 17.05 1117 278 055 96.75 6.43 0.89
é 116 4447 365 9.90 0.43 730 0.04 1644 1162 305 058 9755 643 0.81
116 4397 346 10.04 043 767 012 1641 1143 293 054 9740 6.37 0.84
116 44 11 4.01 9.76 0.40 763 014 1632 1122 281 051 97.05 6.39 0.84
Whr (116 4466 3.99 9.79 0.28 779 005 16.72 1122 3.08 060 9826 6.39 0.85
116 4435 384 9.95 0.32 768 007 1653 1127 3.04 058 97.81 6.38 0.84
ILL3 4539 3.10 9.36 0.14 728 0.09 1713 1119 293 052 9740 6.52 087
ILL3 4426 354 1020 0.77 739 0.07 1654 1134 298 064 9799 6.36 0.85
ILL3 4494 402 9.81 0.58 713 0.00 16.80 11.03 295 054 9836 642 0.86
Lo113 4525 154 1017 1.21 6.73 010 1719 1144 262 072 9730 649 091
Lo113 44.71 087 10.19 155 6.72 0.09 1731 1159 249 072 9641 645 094
Lo113 4453 225 1025 112 6.69 0.03 16.62 11.71 290 052 96.70 6.46 0.84
Lo113 4386 3.13 1042 1.24 6.89 0.08 16.19 1156 265 057 96.63 6.37 0.84
Lo113 4449 155 1054 1.22 711 0.05 16.84 1168 263 067 96.84 642 0.89
§ Whr Lo113 4366 347 1048 0.80 6.85 0.15 16.07 11.71 3.09 0.81 9739 6.37 0.81
g Lo113 4415 3.02 1044 095 700 014 1629 1149 285 055 97.03 640 0.84
- Lo113 4414 3.07 1020 0.70 697 0.05 1648 1111 293 045 96.14 641 087
Lo113 4449 275 1072 117 7.01 0.06 17.00 1147 273 052 98.14 6.33 0091
Lo113 4400 270 1038 1.14 6.61 0.13 16.64 1168 281 048 96.74 6.38 0.86
Lo113 4407 319 1035 094 712 0.08 16.61 1150 285 057 9729 6.35 0.86
Lo113 4463 177 1043 152 6.85 0.13 16.68 1152 255 068 9698 6.43 0.89
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Table 5

Mineralogy |Lithology |Sample Si02 TiO2 A203 Cr203 FeO MnO MgO CaO Na20 K20 NiO V203 Total XMg XCr
Lhz 136 0.01 0.77 1224 46.05 33.17 0.00 465 0.17 0.00 0.01 0.17 97.25 025 0.63

136 0.01 0.80 11.26 4496 36.34 0.00 4.10 0.11 0.01 0.03 0.16 97.79 022 061

Hzb IL51 0.07 096 1094 4395 36.15 052 441 001 000 0.01 0.14 028 97.72 025 0.59

MNKT312 0.03 0.62 13.84 4147 36.37 055 450 0.03 0.00 0.01 020 0.39 98.01 025 0.55

MNKT312 0.07 0.57 1342 40.88 3820 066 3.35 0.01 0.03 0.02 024 039 97.84 0.18 0.5

MNKT313 0.05 0.75 13.61 4358 3289 048 6.39 0.00 0.00 0.00 0.26 0.31 9833 0.34 0.57

.é MNKT313 0.04 0.77 1460 4872 2495 0.31 1048 0.05 0.00 0.01 0.18 0.21 100.34 0.53 0.61
g MNKT313 0.00 0.76 14.61 4848 2460 0.25 10.67 0.01 0.00 0.00 021 026 99.85 0.54 0.61
2 MNKT313 0.03 3.39 10.06 41.33 37.30 0.51 6.12 0.02 0.00 0.00 0.34 0.33 9945 0.39 0.3
é Whr IL18 0.07 129 13.05 4069 3452 046 6.54 005 0.00 0.05 026 043 9740 0.37 0.53
E IL18 0.02 131 1285 40.72 3460 038 6.74 0.07 001 0.00 028 038 97.37 0.38 0.53
IL18 0.02 279 1232 39.34 3468 0.34 892 002 002 0.02 029 033 99.11 046 0.3

IL18 0.02 288 12.07 3850 36.02 035 841 0.00 0.00 0.01 032 034 9893 046 0.54

116 0.07 0.80 16.73 41.84 2962 0.00 9.03 0.11 0.00 0.04 0.21 98.45 049 0.62

116 0.05 0.81 16.83 41.82 29.16 0.00 9.09 0.16 0.03 0.03 0.18 98.17 0.37 0.3

ILL3 0.03 059 1259 4773 2737 0.00 957 0.06 0.00 0.00 0.18 98.13 052 049

ILL3 0.06 066 16.11 40.16 3295 0.00 7.12 0.02 0.01 0.00 0.15 97.25 050 048

IL10 0.04 200 11.18 29.80 4884 0.34 415 0.04 000 0.00 028 078 9746 0.26 0.39

IL10 0.02 195 11.04 29.71 4870 029 425 0.13 0.00 0.00 0.17 067 96.94 026 0.39

IL10 0.06 3.02 840 2884 5371 049 2,04 0.00 0.00 0.00 021 069 9746 0.14 0.38

IL10 0.00 326 748 26.04 5597 055 1.78 0.05 0.00 0.00 0.15 073 96.02 0.13 0.35

IL10 0.03 330 7.56 2640 5538 037 227 005 001 0.00 022 073 9632 0.16 0.35

IL10 0.01 760 381 16.49 6474 191 127 000 0.00 0.00 021 081 96.86 0.14 0.21

IL10 0.03 767 379 16.45 6578 099 163 0.00 0.00 0.00 027 0.77 97.39 0.17 0.21

Lhz IL10 003 742 369 16.13 6690 063 1.29 000 0.00 0.01 028 073 97.10 0.13 0.21

IL12 0.01 882 424 1061 6873 093 052 0.02 0.04 0.00 0.22 9415 0.06 0.14

IL12 0.03 9.13 469 10.77 6763 034 154 0.02 0.00 0.00 027 9445 0.18 0.14

2 IL12 0.03 7.82 408 14.08 66.21 026 142 0.02 0.03 0.00 0.21 9416 0.14 0.19
g IL12 0.03 820 336 1123 69.33 0.34 125 0.00 0.05 0.01 0.20 94.01 0.13 0.15
E IL12 0.05 8.18 805 17.81 57.64 000 3.12 0.04 0.01 0.01 023 9513 0.30 0.23
é 136 0.01 292 829 3217 5005 0.06 220 0.00 0.02 0.01 0.28 96.02 0.14 044
-“g 136 003 163 948 31.14 5035 0.18 1.70 0.10 0.01 0.06 0.20 9489 0.10 044
E IL51 0.04 258 11.01 27.88 4986 045 394 0.02 0.04 0.01 026 053 96.84 025 0.37
© Hzb IL51 0.05 511 792 2736 4805 065 3.74 012 0.00 0.03 024 057 9400 0.31 0.36
IL51 0.04 258 11.01 27.88 4986 045 3.94 0.02 004 0.01 026 053 96.84 025 0.37

IL51 0.01 196 14.01 26.76 46.81 042 441 005 004 0.02 028 049 9549 027 0.36

MNKT313 0.03 4.05 995 3761 4321 060 3.33 0.00 0.00 0.00 0.32 0.37 9947 0.23 048

IL18 0.00 3.16 11.84 37.41 3799 052 6.85 0.04 000 0.00 042 045 98.68 043 047

IL18 0.01 324 1159 37.77 3777 038 7.06 0.04 000 0.02 0.34 038 9861 044 048

Whr IL18 0.01 455 590 2895 4628 7.39 213 0.00 0.02 0.01 0.33 059 96.17 0.17 0.39

116 0.01 0.99 13.71 33.77 4455 0.00 276 0.04 0.02 0.01 0.18 96.05 0.15 0.46

116 0.10 0.86 14.00 38.67 39.25 0.00 3.57 0.16 0.02 0.00 0.22 96.84 0.20 0.52

116 0.00 1.33 10.86 28.00 51.70 0.00 3.79 0.03 0.00 0.00 0.31 96.02 0.21 0.38

® Lhz IL10 085 057 057 079 8983 0.14 120 0.01 0.00 0.03 0.07 0.08 9413 0.07 0.01
% ILL3 0.11 0.00 0.00 0.02 9229 0.05 0.07 0.00 0.00 0.00 0.16 92.72 0.00 0.00
§ Whr ILL3 055 0.03 000 0.01 91.12 0.00 0.38 0.00 0.00 0.00 0.08 9217 0.02 0.00
ILL3 0.81 0.08 006 0.12 90.07 0.01 055 0.36 0.00 0.00 0.09 92.14 0.03 0.00
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Table 6

Lithology Lhz Hzb Whr

Sample L9 IL10 IL12 ILL4 ILLS 53 107 126A 128 136 IL51 IL18 IL32 ILL3 7 116
Lat. (N) 12°54'16" 12°49'59" 12°49'56" 12°50'40" 12°49'59" 12°50'02" 12°54'00" 12°50'00" 12°49'55" 12°5824"(12°50'03"(12°50'47" 12°50'52" 12°50'34" 12°50'38" 12°54'02"
Long. (W) | 12°14'41" 12°19'35" 12°19'25" 12°20'38" 12°19'08" 12°19'01" 12°14'52" 12°19'01" 12°1927" 12°08'51"| 12°19'48"[12°21'24" 12°21'36" 12°2027" 12°2019" 12°1524",
Sio2 44.64 44.09 45.26 40.4 441 45.86 38.72 43.84 40.81 38.93 38.84 38.34 38.55 38.5 41.53 39.49
TiO2 0.29 0.36 0.34 0.28 0.35 0.38 0.2 0.39 0.36 0.33 0.3 0.2 0.17 0.27 0.39 0.3
Al203 2.69 3.03 4.94 3.77 3.85 4.75 1.59 3.21 4.2 3.18 3.48 2.92 245 3.94 5.59 3.57
Fe203 12.47 12.75 12.87 13.8 11.95 11.75 14.45 13.05 14.41 12.66 15.42 12.35 11.72 12.2 12.22 13.78
MnO 0.19 0.19 0.2 0.19 0.2 0.19 0.21 0.2 0.21 0.18 0.22 0.17 0.16 0.17 0.18 0.19
MgO 26.57 24.29 22.93 5.28 10.75 20.65 33.06 25.03 28.14 33.37 30.67 33.72 34.97 3.87 26.66 32.79
CaO 9.98 9.88 10.15 27.9 23.2 12.23 4.76 9.43 5.68 3.7 3.63 2.56 1.91 31.2 5.53 3.6
Cr203 0.53 0.38 0.39 0.39 0.59 0.38 0.5 0.78 0.57 0.55 0.57 0.43 0.53
K20 0.03 0.03 0.06 0.05 0.12 0.07 0.02 0.03 0.06 0.05 0.04 0.04 0.02 0.19 0.27 0.08
Na20 0.12 0.11 0.34 0.1 0.3 0.39 0,00 0.25 0.31 0.02 0.21 0,00 0,00 0.13 0.14 0.11
P205 0.01 0.02 0.02 0.01 0.02 0.02 0.01 0.03 0.03 0.02 0.02 0.02 0.01 0.03 0.03 0.02
LOI 3.03 5.23 2.7 7.57 3.82 2.34 6.29 3.93 5.39 6.59 7.06 9.49 10.38 7.16 6.91 5.50
Total 100.56 100.36 100.21 99.97 99.06 99.02 99.90 99.77 100.10 99.81 100.46| 100.36 100.91 98.18 99.88 99.96
Ni 1081 912 888 1633 901 724 1694 1120 1488 2155 1651 2349 2274 2349 1670 1859
Cr 3090 2564 2519 3673 2859 2320 3685 2326 2945 4934 3435 2721 2269 3880 2534 3003
Li 4.66 3.58 7.54 3.96 8.6 8.60 3.24 3.24 2.18 1.20 1.98 2.18 1.59 5.08 19.30 3.93
Cs 0.32 0.83 0.11 1.394 0.929 0.40 0.05 0.30 0.20 1.95 0.29 0.45 0.28 1.58 3.77 1.60
Rb 0.94 1.50 1.63 1.8 1.82 1.44 0.64 1.17 1.27 1.99 0.55 1.98 1.22 5.23 12.14 3.29
Ba 4.15 4.62 9.38 18.3 52 10.90 3.56 8.60 8.76 5.69 5.12 8.34 3.43 16.2 24.84 12.53
Th 0.06 0.08 0.04 0.04 0.024 0.06 0.04 0.1 0.10 0.07 0.06 0.10 0.08 0.15 0.20 0.15
u 0.01 0.03 0.02 0.02 0.02 0.02 0.01 0.03 0.03 0.02 0.02 0.03 0.02 0.04 0.05 0.04
Nb 0.71 0.82 0.45 0.69 0.67 0.13 0.31 0.70 0.54 0.62 0.66 0.74 0.48 1.15 0.96 0.94
La 0.68 0.94 0.73 0.73 0.8 0.75 0.31 1.17 1.09 0.75 0.90 0.98 0.69 1.4 1.87 1.22
Ce 2.03 2.70 2.16 2,00 23 2.29 0.96 3.52 3.21 2.26 2.35 2.51 1.75 3.4 5.01 3.31
Pb 0.18 0.41 0.31 0.3 0.13 0.18 0.11 0.70 0.64 0.79 0.14 0.16 0.67 0.28 0.57 0.41
Pr 0.34 0.42 0.36 0.31 0.38 0.38 0.15 0.55 0.49 0.34 0.36 0.36 0.25 0.48 0.69 0.46
Sr 16.60 14.73 47.94 19.3 32.01 34.93 9.47 28.65 34.85 18.39 20.49 12.26 6.31 35.29 48.40 25.73
Nd 1.80 2.29 1.99 1.65 212 2.08 0.88 2.98 2.47 1.80 1.83 1.71 1.21 2.31 3.34 2.22
zr 10.73 16.79 12.27 11.59 13.02 9.57 5.92 23.06 16.85 17.39 13.77 13,00 9.73 19.27 24.13 15.48
Sm 0.64 0.79 0.71 0.57 0.77 0.77 0.30 1.05 0.85 0.62 0.61 0.50 0.37 0.66 1.01 0.67
Eu 0.22 0.29 0.30 0.22 0.3 0.31 0.12 0.38 0.30 0.23 0.26 0.18 0.15 0.25 0.38 0.26
Gd 0.90 1.1 1.05 0.8 1.12 0.95 0.36 1.29 1.01 0.73 0.80 0.63 0.49 0.89 1.18 0.81
Ti 1502 1888 1836 1498 1978 2035 1137 2652 2252 1867 1517 994 813 1558 2685 1747
Dy 1.00 1.24 1.18 0.89 1.23 1.31 0.52 1.59 1.26 0.88 0.90 0.70 0.55 0.99 1.43 0.92
Ho 0.21 0.26 0.25 0.19 0.26 0.28 0.11 0.34 0.26 0.18 0.19 0.15 0.12 0.21 0.30 0.19
Er 0.57 0.73 0.68 0.53 0.7 0.75 0.93 0.93 0.75 0.49 0.54 0.41 0.33 0.56 0.83 0.56
Y 5.34 6.74 6.28 4.81 6.09 7.04 2.92 9.57 7.28 4.89 4.94 3.82 3.22 5.76 8.96 5.34
Yb 0.50 0.64 0.61 0.49 0.58 0.66 0.27 0.80 0.66 0.45 0.47 0.37 0.32 0.54 0.74 0.51
Lu 0.07 0.09 0.09 0.07 0.09 0.09 0.04 0.11 0.09 0.07 0.07 0.05 0.05 0.08 0.10 0.07
Sn 0.15 0.32 0.22 0.35 0.29 0.00 0.00 0.00 0.00 1.98 0.17 0.40 0.12 0.63 0.01 0.00
Sb 0.05 0.02 0.01 0.04 0.02 0.00 0.00 0.00 0.00 0.00 0.01 0.24 0.16 0.06 0.00 0.00
Tb 0.15 0.19 0.18 0.14 0.19 0.18 0.08 0.24 0.18 0.13 0.14 0.1 0.08 0.16 0.22 0.14
w 0.33 20.64 19.02 0.96 1.07 0.82 0.53 0.41 0.39 0.54 0.27 0.73 6.68 1.88 0.35 0.56
Ta 0.06 0.06 0.04 0.04 0.04 0.01 0.02 0.04 0.03 0.04 0.05 0.05 0.04 0.07 0.04 0.06
Mo 5.86 20.07 10.10 21.17 14.95 4.7 2.35 9.25 4.44 8.33 1.74 42.41 2.68 55.39 2.77 7.23
Hf 0.35 0.52 0.41 0.35 0.42 0.46 0.23 0.81 0.66 0.55 0.42 0.38 0.29 0.54 0.83 0.56
IREE 69.88 88.69 80.65 65.12 84.32 84.91 34.74 113.18 93.21 66.18 70.04 59.98 45.53 83.30 118.98 79.24
(La/Yb)ch 1.28 1.40 1.13 1.40 1.30 1.07 1.05 1.38 1.56 1.57 1.79 2.47 2.04 2.44 2.38 2.26
(La/Sm)ch 0.75 0.85 0.73 0.91 0.74 0.70 0.72 0.80 0.91 0.87 1.05] 1.39 1.34 1.52 1.33 1.30
(Gd/Yb)ch 1.73 1.66 1.64 1.56 1.84 1.37 1.26 1.54 1.46 1.53 1.61 1.61 1.45 1.57 1.52 1.51
(La/Nd)ch 0.82 0.89 0.80 0.96 0.82 0.79 0.76 0.86 0.96 0.91 1.07 1.24 1.24 1.32 1.22 1.20
(Sm/Gd)ch 0.98 0.98 0.94 0.98 0.95 1.1 1.15 1.12 1.17 1.18 1.05 1.10 1.05 1.02 1.18 1.14
(Dy/Lu)ch 1.72 1.62 1.63 1.51 1.62 1.67 1.49 1.70 1.64 1.56 1.49 1.57 1.40 1.47 1.70 1.50
Eu/Eu* 0.80 0.85 0.94 0.88 0.87 0.97 1.02 0.88 0.88 0.93 1.00 0.87 0.94 0.88 0.94 0.95
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Table 7

Locality Mako

Mineralogy Cpx

Lithology Lhz Whr

Sample IL10 IL10 IL10 IL10 IL10 136 136 136 136 136 ILL4 ILL4 116 ILL3 ILL3
Rb <0.161 <0.26 0237 <022 <023 <0.30 047 <0.44 <042 <044 <042 <041 0.56 <0.53 <037
Ba 0.237 0.3 <0.139 1.19 0.7 0.89 0.41 <0.63 0.72 <0.55 0.84 0.94 0.6 <0.69 0.95
Th 0.019  0.023 0.004 0.002 0.004 <0.00 <0.008 <0.00 <0.012 0.015 0.087 0.050 | 0.007 0.019 <0.007
U <0.002 0.010 0.002 0.002 <0.00 <0.00 <0.00 <0.005 <0.00 <0.00 0.021 0.009 | <0.005 <0.00 0.008
Nb 0.096 0.128 0.104 0.038 <0.029 <0.040 0.054 <0.049 0.065 0.063 0.109 <0.059 | 0.066 <0.065 <0.041
La 0.61 0.83 0.286 0.36 0.276 0.25 0.156 0.145 <0.074 0.182 1.02 0.86 0.55 0.134 0.45
Ce 248 3.01 1.10 1.19 1.01 1.00 0.68 0.61 0.53 0.74 3.12 2.68 1.48 0.64 1.89
Pb 0.052 <0.040 0.053 0.049 0.108 <0.055 <0.049 0.103 0.075 <0.061 0.144 0.228 0.08 <0.079 0.136
Pr 0.56 0.63 0225 0259 0.211 0.25 0.172 0.132 0.135 0.18 0.55 0.5 0.26 0.149 04
Sr 14.91 9.64 1398 1117 1025 10.34 8.49 8.48 8.22 1156 1368 1295 7.37 7.75 12.79
Nd 3.37 3.69 1.47 1.74 1.33 1.65 1.23 0.84 1.01 1.26 291 2.81 1.238 1.08 2.63
Zr 1146 1425 4.19 6.87 3.96 2.84 3.85 3.56 1.19 1.89 10.1 9.34 4.09 3.9 9.38
Sm 1.38 1.51 0.55 0682 0495 0.75 0.54 0.33 043 0.49 1.01 1.01 0.42 0.44 1.05
Eu 0436 0.396 0228 0.279 0.204 0.3 0.245 0.147 0.183  0.197 0.41 0.41 0.167 0.2 0.47
Ti 2148 2744 1530 2219 1604 1824 1798 1139 1208 1272 2792 2985 1265 1085 2517
Dy 243 2.04 1.01 1.32 0.94 1.31 1.19 0.75 0.79 0.81 2.03 2.05 0.68 0.91 225
Ho 0.53 043 0.219 03 0.202 0.25 0.26 0.138 0.145  0.139 047 0.48 0.14 0.21 0.51
Er 1.33 1.05 0.62 0.9 0.59 0.68 0.71 0.34 0.35 0.33 1.44 1.46 0.404 0.6 1.55
Y 1379 1474 7.52 10.81 7.31 7.06 7.94 4.34 4.39 4.82 17.02 16.9 6.26 5.59 12.95
Yb 1.25 1.03 0.63 0.91 0.59 0.61 0.64 0.28 0.29 0.27 1.45 1.47 0.405 0.61 1.56
Lu 0.165 0.138 0.092 0.135 0.09 0.086  0.083 0.038 0.039 <0.056 0.224 0.226 | 0.058 0.085 0.225
Tb 0405 0.342 0.149 0.188 0.134 0.199 0.168 0.108 0.122 0.129 0.286 0.284 | 0.101 0.14 0.33
Ta 0.021 <0.026 <0.014 0.020 <0.021 <0.037 <0.043 <0.055 <0.053 <0.061 <0.046 <0.045| <0.053 <0.056 <0.054
Hf 0.36 0.425 0.156  0.283 0.177 0.155 <0.158 <0.128 <0.149 0.162 0.149 0.155 | 0.118 0.18 0.57
*REE 131.16 12455 5783 7523 5347 66.71 57.51 33.84 36.66 36.66 125.95 123.46 | 4594 49.20 123.53
(La/Yb)ch 0.46 0.76 043 0.37 0.44 0.39 0.23 0.49 0.64 0.66 0.55 1.28 0.21 0.27
(La/Sm)ch | 0.32 0.39 0.37 0.38 0.40 0.24 0.21 0.31 0.27 0.72 0.61 0.94 0.22 0.31
(Tb/Yb)ch 1.66 1.71 1.21 1.06 1.17 1.68 1.35 1.98 2.16 2.45 1.01 0.99 1.28 1.18 1.09
(La/Nd)ch 0.39 0.49 0.42 0.45 0.45 0.33 0.28 0.38 0.31 0.76 0.67 0.97 0.27 0.37
(Sm/Tb)ch | 0.87 1.13 0.95 0.93 0.95 0.97 0.82 0.78 0.90 0.97 0.91 0.91 1.07 0.81 0.82
(Dy/Lu)ch 1.75 1.76 1.30 1.16 1.24 1.81 1.70 2.35 241 1.08 1.08 1.39 1.27 1.19
Eu/Eu* 0.68 0.64 0.93 0.91 0.92 0.90 0.94 0.90 0.93 0.91 0.89 0.89 0.94 0.93 0.93
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Table 8

Locality Mako Loraboué
Mineralogy Cpx amph Cpx amph
Lithology Whr Lhz Whr Whr
Sample ILL3 ILL3 ILL3 ILL4 ILL4 116 116 Lo113 Lo113 Lo113 Lo113 Lo113 Lo113 Lo113
Rb <051 <039 <0.70 461 2.98 2.07 1.82 169 <0.156 0.62 <0.30 1.62 2.39 1.79
Ba <0.71 <0.51 <0.95 89.6 77.05 78.93 202.67 3.83 3.36 22 3.71 193.46 186.83 175.76
Th 0.02 0.04 <0.015| 0.990 0.570 0.219 0.134 0.650 <0.00 0.257 0.173 0.114 0.114 0.067
u 0.001  0.003 0.005 0.128 0.067 0.024 0.032 0.132 0.034 0.073 0.073 0.03 0.039 0.020
Nb 0.069 <0.041 0.099 426 30.69 38 46.33 0.41 0.165 0.212 0.176 10.21 123 12.01
La 0.42 0.64 0.27 23.65 20.26 28.45 30.82 2.94 1.82 1.75 1.87 9.65 1241 11.71
Ce 1.53 2.32 0.88 75.01 62.51 101.3 110.07 6.14 3.99 3.61 3.99 38.55 5253 49.58
Pb <0.100 0.15 0.14 0.287 0.229 0.341 0.44 0.61 036 0.221 0.3 0.88 1.76 0.52
Pr 0.31 0.55 0.19 9.49 711 131 14.6 0.82 0.49 0.45 0.48 7.39 10.13 10.81
Sr 8.32 9.38 7.57 4412 47.62 34.18 45.33 1531 13.48 14.13 135 54 .47 71.37 65.88
Nd 1.88 3.35 1.25 39.75 25.78 54.72 62.18 3.69 2.07 1.99 2.09 40.79 59.25 66.17
Zr 6.13 10.01 277 1205.24 656.11 500.78 443.18 1418 533 11.95 11.44 110.65 116.78 140.15
Sm 0.77 1.42 0.51 9.65 6.06 13.36 13.58 1.18 0.66 0.67 0.69 121 17.81 22.58
Eu 0.33 0.58 0.235 272 2.04 235 244 048 0.308 0.27 0.29 3.06 4.05 468
Ti 1785 2323 1217 28906 29963 24971 27397 873 695 855 838 14231 22520 22952
Dy 1.79 2.74 1.32 10.76 5.98 17.59 18.83 242 1.86 1.71 1.86 19.49 31.07 35.27
Ho 0.42 0.58 0.28 227 1.32 3.47 3.92 0.59 0.49 0.42 0.48 3.93 6.32 6.87
Er 1.26 1.66 0.81 6.79 3.5 9.25 10.29 1.91 1.56 1.44 1.53 10.73 18.46 20.2
Y 8.69 15.62 712 82.65 52.39 12845 13485 | 1475 9.8 12.03 11.82 86.34  140.25 189.77
Yb 1.27 1.67 0.83 6.36 4.01 8.19 9.38 221 1.74 1.58 1.78 9.98 16.56 17.48
Lu 0.181 0.265 0.115 0.97 0.58 1.07 1.27 0.36 032 0272 0.32 1.35 2.02 2.09
Tb 0.24 0415 0.184 1.63 1.01 262 277 0.34 0227 0214 0.229 3.29 452 5.37
Ta <0.069 <0.059 <0.091 2.390 1.540 1.640 1.790 <0.028 <0.0128 <0.026 <0.022 0.810 0.670 0.620
Hf 0.23 0.44 0.15 18.06 9.98 13.74 11.54 054 0.167 0.298 0.305 6.27 6.65 6.41
2REE 96.11 149.10 64.41 1161.61 811.86 155795 1705.86 | 181.13 127.58 117.04 12780 1230.10 182450 2024.32
(La/Yb)ch 0.31 0.36 0.31 3.51 4.76 3.28 3.10 1.25 0.99 1.04 0.99 0.91 0.69 0.63
(La/Sm)ch | 0.39 0.32 0.38 1.75 2.39 1.52 1.62 1.78 1.97 1.87 1.94 0.57 0.49 0.37
(Tb/Yb)ch 0.97 1.28 1.14 1.32 1.29 1.64 1.52 0.79 0.67 0.70 0.66 1.69 1.40 1.58
(La/Nd)ch 0.49 0.42 0.47 1.29 1.71 1.13 1.08 1.73 1.91 1.91 1.95 0.51 0.44 0.38
(Sm/Tb)ch | 0.82 0.88 0.71 1.52 1.54 1.31 1.26 0.89 0.75 0.80 0.77 0.94 1.01 1.08
(Dy/Lu)ch 1.18 1.23 1.36 1.32 1.23 1.95 1.76 0.80 0.69 0.75 0.69 1.72 1.83 2.01
Eu/Eu* 0.89 0.88 0.88 0.78 0.94 0.46 0.46 0.88 0.92 0.83 0.84 0.56 0.53 0.49
Table 9
Lithology [Sample ¥Rb/®sr ¥srPsr  2010° &Sr/®sr (2.1 Ga) "'Sm/"Nd "™Nd/"“Nd 2010° "*Nd/"“Nd (2.1 Ga) €Nd (2.1 Ga) a(Sm/Nd)
L9 0.164 0.705392 12 0.700435 0.208 0.512989 10 0.510113 3.82 1.13
IL10 0.208 0.513028 10 0.510153 461 1.14
L12 0.098 0.704363 10 0.701388 0.219 0.513167 12 0.510132 4.20 1.20
Lhz ILL5 0.160 0.705787 4 0.700952 0.212 0.51312 15 0.510189 5.32 1.18
53 0.079 0.704322 4 0.701943
126A 0.079 0.703294 6 0.700912
128 0.079 0.70458 3 0.702254
136 0.154 0.708842 3 0.704184
Hzb  |IL51 0.078 0.703125 12 0.700771 0.202 0.512792 12 0.510001 1.62 1.05
L18 0.468 0.714695 9 0.700512 0.180 0.512551 13 0.510063 2.85 0.96
IL32 0.544 0.718779 12 0.702313 0.183 0.512643 14 0.510104 3.65 0.99
Whr  |ILL3 0.167 0.512509 5 0.510203 5.60 0.93
77 0.494 0.719083 4 0.704124
116 0.207 0.711904 3 0.705629
standards NBS 987 0.710274 4
La jolla 0.511842 2

51




52



