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THE AGE AND ORIGIN OF THE WESTERN ETHIOPIAN SHIELD

ABSTRACT

Western Ethiopia is made up of a range of supra-crustal and plutonic rocks. The Precambrian
exposures of the Western Ethiopian Shield are positioned within the juvenile Neoproterozoic crust of
the Arabian Nubian Shield and the older, predominately gneissic Mozambique Belt (Woldemichael
et al. 2010). The age and origin of the Western Ethiopian Shield are still largely unidentified. The
aim of this paper is to constrain the age and origin of the sedimentary and igneous rocks within the
Western Ethiopian Shield.

This will be done using isotopic techniques. The detrital zircons have been analysed for U-Pb age
(yielding maximum depositional ages and age provenance information) and Hf isotopes (to
investigate the nature of zircons). Geochemical analysis on the Thermal lonisation Mass
Spectrometer (TIMS), Inductively Coupled Plasma Mass Spectromentry (ICP-MS) and microprobe
has also been undertaken. One of the focuses is the examination of the volcanic and volcaniclastic
successions, as well as, the geochemical nature of the ultra-mafic bodies in the Shield. The
geochemistry of metavolcanic and meta-volcaniclastic data suggest that the origin of the volcanics
formed in an arc-like setting. Relatively low niobium; however, suggest that the mantle source may
have been more enriched than that seen in modern volcanic arcs. Detrital zircons, obtained from a
meta-sandstone, yielded provenance age peaks at ~2499 Ma, ~1855 Ma and between 1100-800 Ma
and a maximum depositional age of 838 + 13 Ma. Hf Isotopes from the same zircons demonstrated
that both the oldest and youngest populations have broadly juvenile Hf isotopic values however;
~1820 Ma age shows significantly evolved Hf isotopic values. A minimum age constraint on the
deformation was provided by the U-Pb age of 572 .6 + 7.6 Ma and yielded whole epsilon Nd values
of 3.74 and epsilon Hf values of 6.79-7.98, demonstrating a juvenile origin.

A significant aspect of the Arabian-Nubian Shield is the interpretation of the N-S oriented regional
shear zones. Concentrically zoned mafic/ultramafic bodies, previously identified as remnants of the
oceanic crust, are suggested to be Alaskan-type intrusions. Though chemically different to typical
Alaskan-type intrusions these display a subduction affinity and have close associations to shear-zone
hosted intrusions elsewhere in the Arabian Nubian Shield. Thus, they have been interpreted as being
formed in similar supra subduction intrusive settings.
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Figure 1: a) Palaeogeographic reconstruction at 630 Ma. Green represents continental plates
delineated from the map. The blue dot shows where the Western Ethiopian Shield is situated.
Abbreviations are as follows Amazon=Amazonia; Aus-Maw=Australia/Mawson Block; Az=Azania;
Congo=Congo/Tanzania/Bangweulu Block; Kal=Kalahari Block; Laur=Laurentia; RP=Rio de la
Plata; SF=Sao Francisco; WA=West Africa. Adola, Adamastor, Braziliano, Mozambique =oceanic
basins. Taken from (Collins and Pisarevsky 2005). b) This is taken from Fritz et al. (2013) shows the

location of the Azanian plate in conjunction t0 EthiOpia..........cccoceveiiiiiiiiiiccc e, 8
Figure 2: Simplified geological map of Western Ethiopia. Area of study has been highlighted with
the use of a box. Taken and adapted from (Tadesse and Allen 2004) ........cccoveveiinieiienenie e, 10

Figure 3 Location map for samples taken from Ethiopia. The map in the top right hand corner depicts
Ethiopia on a country scale showing its proximity to the Afar triple junction, with Gimbi as a
reference PoiNt 0N DOTN MAPS. .....oiuieiice et raenaeaneenreas 11
Figure 4: U-Pb Concordia graph illustrating zircons analysed from the Ganjii monzogranite (E13.12)
collected from the Western Ethiopian Shield. The weighted mean 2°Pb/?U age of all analyses
except a single young analysis at 572.6+7.4 Ma, that is interpreted to represent Pb loss in the modern
0V (0] 00 1< o SO PO PR PR PR PSR 18
Figure 5) Probability density plot for sample E13.24a (meta-quartz arenite). “°Pb/*°’Pb ages are used
when ages are over 1 Ga. ® Pb/?*® U ages are used when the age is less than ~1 Ga. The histogram
shows the number of analyses per peak for E13-24a. This demonstrates the presence of detrital
zircons at ~2499 Ma, ~1855 Ma and between 1100-800 Ma .........cccoovviiiiniiniininne e, 18
Figure 6: U-Pb Concordia diagrams constructed with a 2 sigma data point error ellipses. a) U-Pb
Concordia of all zircons (n=13), which were sourced from a meta quartz arenite (E13-24a). The
colour scale on the right of the graph depicts uranium concentration of individual zircons. (b-c)
focuses on individual clusters. b shows that there are rocks in the source region with ages at ~820 Ma
and ~1000-1100 Ma. ¢ demonstrates that there is a population of detrital zircons at ~1850. ............. 19
Figure 7 CL images for E13.12, a Ganji Granite and E13.24a, a meta-quartz-arenite, taken from
Western Ethiopia. E13.12 They have a prismatic shape typical of igneous zircons. The low response
(dark) suggests a higher uranium content. Zircons show oscillatory zoning typical of formation in a
magma chamber. E13.24a These have a typical irregular and partially rounded detrital shape. The
low response (dark) suggesting higher uranium content. s. Apatite and titanate are abundant within
TNES SAMPIE. .ottt b bbbt et e bbb bbbt n s 20
Figure 8: EHf; versus age plot. The purple dots represents sample E13.12, a monzogranite. The green
line along the x-axis represents CHUR. The red line represents the depleted mantle. The blue dots
represent zircons from E13.24a meta quartz-arenite. This shows three distinct populations the oldest
and youngest being of juvenile nature. The population at ~1800 Ma is more evolved suggesting that
addition of a continental INFIUBNCE. .........cveiiiiee e 22
Figure 9 a) E13.11 taken from Daleti Quarry. Note the alignment of the chrome/magnetite spinel
grains. b) Sample location of E13.12 the Ganjii Granite c) represents the Abshala Mélange where
E13.18 and 19 were sampled frOm. ... e 23
Figure 10 eNd—T diagram for samples, 12 (granite), 19 (basalt), 18(basalt), 23 (volcaniclastic) and
27 (dolorite). The sample numbers are shown next to their perspective data point. The blue dotted
line illustrates the isotopic evolution of the granite (E13.12) with a depleted mantle model age (953
Ma) located along the depleted mantle line. The samples have a positive value, indicating a juvenile
A LN =TT TP PP PP TR TPPRUPPTPPROTS 24
Figure 11 N-MORB normalised spider plot for the samples collected from the WES. Figure a and b
are normalised to the Nmorb (Sun and McDonough 1989). a contains igneous and volcaniclastic
samples. b) Contains basalts taken from Abshala Mélange. c) Is a dunite taken from Daleti Quarry
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and has been normalised to the chrondrite. The REE pattern is relatively flat with minor anomalies.
However, geochemical data must be treated carefully due to low concentrations. ............c.cccccvevenen. 25
Figure 12 Four different basalt discrimination diagrams used for identifying the tectonic environment
during the emplacement. The two basalts were taken from the Abshala Mélange. Whilst the other
two samples; volcaniclastic and dolerite were collected in close proximity to the Sayi River. The
mélange basalt (E13.19) plot in the ‘within-plate’ field for all diagrams (a-d). Similarly the mélange
basalt (E13.18) and volcaniclastic (E13.27) consistently plot in the MORB (a-d). The dolerite
however, does vary, plotting in both MORB and ‘within plate’ basalt. .............cccccevvveriviieiieeneaienn, 26
Figure 13 Elemental maps constructed on the microprobe for a chrome spinel grain from sample
E13.26 a dunite from the WES. Figure 3 A depicts the Fe concentrations across the given grain. This
shows that they have magnetite rims around chromite cores. The magnetite could have formed
during serpentinization. Figure B illustrates the Mg concentrations across the grain. Figure C and D
show the Al and Cr variations within the same grain. Figure C and D illustrate that there is depletion
in Al and Cr at the rims. Figure A and B define an inversely proportional relationship between the Fe
and Mg, suggesting an elemental EXChANGE. ........cooiiiiiiieieee e e 27
Figure 14 Photos taken from E13.11 and E13.26. a-b Dunite taken from Daleti Quarry. The apparent
grain size of the olivine in these dunites has been affected by serpentinisation. This is seen by the
mesh textured serpeninite grains. The small grains of olivine are relics of what would have been
coarse grained olivine. c-d Is sample E13.26 taken from Tulu Dimtu Hill showing the same mesh
texture however, serpentinisation is more extensive than Daleti QUArTY. ........c.ccccoevveveiieiecceceeneen, 28
Figure 15:a) Cr# (Cr/Cr+Al) against Mg# (Mg/Mg+Fe?*) show the spinels from Daleti, Yubdo plot
in the Alaskan Type intrusion field. b) a plot of Cr# against Mg# in spinels. Fields for various types
of complexes are from Irvine (1967). Symbols are represented on the right side of the diagram.
Taken and adapted from (Helmy and EI Mahallawi 2003) c) Al,O3 vs TiO, compositional
relationship in chrome spinel grains. Discrimination between mid ocean basalt (MORB), ocean-
island basalt (OIB), Large igneous province (LIP) and island arc magmas (arc). The spinels plot with
in the arc tectonic setting after hydration and serpetinisation. d) TiO; vs Cr# analyses plot in the
boninitic field suggest that the rocks are sourced from the deeper mantle as the residual after a

boninitic magma has been taken out. This is characteristic of a subduction system. ............cccceceeene. 29
Figure 16 Al-Cr-Fe** depicting the alteration of samples. Sample E13.11 taken from Daleti Quarry
displays a Fe** enrichment suggesting alteration of the chrome Spinels. ...........c.cooovverereevereereernns 30

Figure 17 “°Argon - **Argon dating of muscovite grains from schists sampled from the Western
Ethiopian Shield. This was done using the total fusion method. , showing the interpreted age of the
greenschist MEtAMOIPRISIM........cvi et be et e reeneenes 31
Figure 18 The set up for the separation of zircons via the use of heavy liquids...........c.ccocevoviiiiennne 61
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