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Description of the geological legend representing key  
geological features in the geological map, cross-section  
and lithostratigraphic scheme.
1. Fluvial sediments (fQh): Sediments of active streams forming channel, floodplain 

or braidplain deposits and also deltaic deposits in lacustrine basins or alluvial fans. 

Generally, they comprise channel-fill sands, sandy gravels and fine-grained deposits 

(fine-grained sand, silt, loamy and clayey soils).

2. Eolian sediments (eQh): Represented by sand drifts and dunes arranged into patches 

or belts, tens to a hundred metres wide, found locally in the Ogaden Basin and Afar 

Triangle. They form accumulations up to several metres thick. In the eastern Ogaden 

(Somali region), red eolian sands are derived from the underlying Jessoma Sandstone.

3. Alluvial sediments (aQph): Deposits of pre-recent rivers, preserved in alluvia or young 

terraces and mountain-toe alluvial-fan deposits. Consist of both a material deposited by 

fluvial streams represented by loose gravels and sandy gravels, or even coarser material –  

cobble, boulders and, rarely, blocks, often mixed with finer material (debris-flow 

deposits). Some alluvial-fan bodies reach dimensions of several kilometres, and their 

deposits may cover a significant area.

4. Lacustrine sediments (lQph): Sediments deposited in permanent or temporary lakes 

formed by evaporites (potash salts overlain by halite, gypsum, anhydrite, magnesium 

salts) with interbeds of carbonates in the Afar region, incl. the Danakil Depression. In the 

MER, characterized by predominantly distal muds interfingering with proximal coarse 

fractions (sands, muddy sands).

5. Alluvial, lacustrine sediments and volcaniclastic deposits (avQph): A sequence of 

lacustrine diatomites, silts and clays interbedded with pumice volcaniclastics, the main 

components of which are fragments of rhyolites, obsidian and pumice. Interbeds of 

evaporites may be present at some lakes. The entire sequence reaches thickness of several 

hundred metres.

6. Alluvial sediments (aQp): Gravels and sands of inactive predominantly braided fluvial 

systems and alluvial fans. In the Danakil area, fluvial deposits are interbedded with 

marine deposits (limestones, marls, subordinately sands and gravels).

7. Trachyte, alkali basalt with subordinate rhyolite lavas and volcaniclastic deposits 
(τβQ1): Holocene trachyte and alkali basalt lava flows with variable thickness in the 

central part of the Afar Depression. Subordinately are present rhyolite lavas and acid 

volcaniclastic deposits.

8. Basalt, picritic basalt, alkaline basalt lavas and volcaniclastic deposits (βQ2): 
These mafic volcanic rocks and volcaniclastic deposits are the product of recent, active 

volcanism concentrated on the en-echelon axial magmatic segments. Holocene shield 

volcanoes and cinder cones erupted through fissural vents in the Afar Depression and 

Main Ethiopian Rift.

9. Rhyolite lavas, subordinate trachyte lava and volcaniclastic deposits (ρQ2): The 

formation of these Pleistocene–Holocene felsic deposits in the Main Ethiopian Rift 
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10. Basalt to trachyte lavas and volcaniclastic deposits (βτQ2): Pleistocene–Holocene 

volcanic rocks are dominantly products of Axial Phase volcanic activity throughout the 

Kenya and Main Ethiopian Rift, which is manifested as small volume basaltic to trachytic 

flows, volcano and/or cinder cone chains and central ignimbrite volcanoes restricted to 

axial or marginal grabens.

11. Basalt lavas, hyaloclastite deposits (asβQ2): These massive to vesicular aphanitic 

basalts and hyaloclastites range from just under one million to a few hundred thousand 

years in age. The oldest volcanic products are located along the rift axis and overlie the 

surface of the Afar region.

12. Rhyolite, trachyte lavas and volcaniclastic deposits (ρQ3): Forms Pleistocene–

Holocene volcanic centres in the Afar Depression, which developed in the latest phase 

of the Stratoid Series. Dominant rock types are fine-grained felsic rhyolites, which locally 

contain large amounts of undeformed vesicles. Rhyolite lava shows lamination and 

often also folds.

13. Trachyte to alkali basalt lavas and volcaniclastic deposits (τNQ): This Pliocene–

Pleistocene volcanic unit covers most of the surface area of the Afar Depression. It 

is also known as the Stratoid. It is dominated by transitional tholeiitic basalts locally 

intercalated with fluvial and lacustrine sediments.

14. Rhyolitic to trachytic volcaniclastic deposits (τρNQ): The Pliocene–Pleistocene 

volcanic unit is the product of the caldera-forming eruption of voluminous acid 

pyroclastic material. It consists of a sequence of pantelleritic and comenditic ignimbrites 

with abundant basaltic lithic fragments. Individual ignimbrite flows vary from strongly 

welded to unwelded, including paleosol layers and basalt lava flows. This unit has been 

widely described as the Dino Formation, and it includes the Butajira Ignimbrites

15. Basalt to trachyte lavas and volcaniclastic deposits (τβNQ): Pliocene–Pleistocene 

volcanic rocks form a chain of monogenetic scoria cones and associated lava flows 

located mainly along the Main Ethiopian Rift margin. Lava flows are classified as 

porphyritic quartz tholeiites with large laths of plagioclase and rare olivine, tholeiitic 

basalts are also present. They have been variably mapped as the Akaki Basalts and picro-

basalts, Wachacha Trachytes, Wolenchiti Basalts, Bishofu Basalts and Rhyolites, Bofa 

Basalts, Tullu Rie Basalts and Eastern Margin Unit.

16. Volcaniclastic deposits, alluvial and lacustrine sediments (vNQ): This Miocene–

Pleistocene volcano-sedimentary (polygenetic sediments) succession in the northern 

part of the Main Ethiopian Rift and Afar Depression consists of fluvial and lacustrine 

continental conglomerates, sandstones, limestones and fine clastic sediments 

representing an ancient shallow lacustrine environment.

17. Rhyolite to trachyte lavas and volcaniclastic deposits (ρNQ): These Miocene–

Pleistocene acid volcanic rocks can be found throughout the Main Ethiopian Rift. 

They form small lava flows, lava domes, volcanic necks and large ignimbrite layers. 

Ignimbrites form subhorizontal layers interbedded with paleosol and rhyolite or basalt 

lava flows. Some areas have lahar deposits, consisting of boulders (volcanic rocks) and 

vitric volcanic ash and clay in the matrix.

18. Rhyolitic to trachytic volcaniclastic deposits, with subordinate rhyolites (ρN1): 
These Miocene–Pliocene felsic volcanic successions crop out on the edifice of several 
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stratovolcanoes in the Afar Depression. Typical are poorly sorted ignimbrites, rhyolitic 

domes and lava flows. 

19. Basalt and alkali basalt lavas and volcaniclastic deposits (βN1): These Miocene–

Pliocene lava flows and pyroclastic deposits belong to the Sanete Basalts in the Bale 

Mountain area.

20. Undifferentiated mafic and felsic lavas and volcaniclastic deposits (ρβN1): Miocene 

to Pliocene felsic or basaltic and occasionally picritic lavas are the product of the initial 

pulse of magmatism associated with the Afar Stratoid Series. These lavas alternated 

with pyroclastic materials, overlain by red sandstones, and were covered by lagoonal 

sediments.

21. Danakil Formation: conglomerates, sandstones and volcaniclastic deposits (ND): 
These rocks occur in the northern Afar region. The oldest part of the formation overlies 

the Precambrian basement and Mesozoic rocks and is unconformably overlain by 

30 metres of limestone and gypsum of the Enkafala Fm. In the Danakil Horst fluvial 

to lacustrine gravels, sands, silts with intercalations of limestones and marls with 

freshwater fauna predominate. They are intercalated with volcaniclastics and effusive 

rocks – Afar Basalts. While in the central part of the Danakil Depression there is an 

evaporite succession (the Salt Formation) up to 1,200 m thick.

22. Basalt to trachyte lavas and volcaniclastic deposits (τβN1): They represent the 

main phase of Neogene mafic volcanism through the whole Main Ethiopian Rift (in 

the NMER/Afar transition zone Gurage–Anchar Unit, the Addis Ababa Basalt in the 

CMER, and the Getra–Kele Basalts in SMER). Miocene to Pliocene lava flows are locally 

intercalated with paleosol horizons and fine basaltic scoria layers. The basalts to 

trachybasalts are massive and display a porphyritic texture.

23. Basalt, picrite and trachyte lavas and volcaniclastic deposits (βN2): This Miocene 

magmatic sequence in the Afar Depression comprises of trachytic-basaltic lava and 

pyroclastic flows. This unit was previously mapped as the Lowermost Afar Unit or 

Adolei–Dalha Unit and the upper part of this unit includes the Gara–Gumbi Formation. 

Mafic rocks exhibit less crustal contamination than the previous units. Cessation 

of this magmatism begins with the deposition of the sediments from the Sagantole  

Formation.

24. Rhyolitic volcaniclastic deposits, scarce rhyolite and basalt lavas (ρN2): This 

volcanism is correlated with the development of the rift margin of the Afar Depression 

and consists of ignimbrites, lava flows and domes of alkaline or peralkaline rhyolites 

intercalated with basalt lava flows.

25. Peralkaline granites and syenites (γN): These Miocene peralkaline rocks form small 

plutonic bodies in the Afar Depression. They consist of perthitic microcline, quartz, 

aegirine, and sodic amphibole.

26. Rhyolitic volcaniclastic deposits (ρN): Miocene felsic lavas and volcaniclastic deposits 

are present mainly near the summit shield volcanoes (trachytic and rhyolitic ignimbrites) 

on the Ethiopian Plateau (e.g., Damole Ignimbrite Unit in the Bale shield volcano).

27. Trachyte to rhyolite lavas and felsic volcaniclastic deposits (τN): The Miocene 

trachytic to basaltic lavas, trachyte to phonolite volcanic plugs, and syenite subvolcanic 

intrusions are present in the northern and central parts of the Ethiopian Plateau (e.g., 
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Adwa Formation, Entoto rhyolites), while trachyte and phonolites are from the southern 

part of the Ethiopian Plateau (Mimo trachyte and phonolites).

28. Basalt lavas and volcaniclastic deposits (βNP1): These Oligocene–Miocene volcanic 

sequences of the shield volcanoes (Ethiopian Plateau) consist of tholeiitic basalts, 

alkaline basalts and trachybasalt lava flows, typically up to 3 m thick, along with red 

paleosols and related pyroclastic rocks. Locally, phonolites or basanite are also present. 

29. Basalt lavas with rare intercalations of rhyolites and pyroclastic rocks (βρP2): 
Oligocene basalt and trachyte to rhyolite flows are intercalated with autoclastic volcanic 

breccias, volcaniclastic deposits and lacustrine and/or fluvial sediments. This unit 

dominantly belongs to the Alaji Formation, characterized by a bimodal upper part trap 

sequence.

30. Trachyte to trachybasalt lavas with subordinate volcaniclastic deposits (τP2): 
Oligocene light grey to greyish trachyte to trachyandesite and dark grey trachybasalt are 

fine-grained, porphyritic rocks with a trachytic texture. They form strongly weathered 

lava flows and volcanic necks (plugs), mainly in the Western Ethiopian Plateau.

31. Rhyolitic to trachytic volcaniclastic deposits with subordinate felsic lavas (ρP3): 
Eocene–Oligocene volcanic sequence in the Ethiopian Plateau with a total thickness of 

~10–200 m, consisting of moderately to strongly welded ignimbrites with minor rhyolitic 

ash fall deposits, basalt lava flows and paleosol horizons. This felsic unit is also known 

as the Shole Ignimbrites, Amaro or Arba Minch Tuffs, Lima Limo Rhyolites and Wegel 

Tena rhyolites.

32. Basalt to trachybasalt lavas and volcaniclastic deposits (βP3): The dominant Eocene–

Oligocene basalt lavas in the whole Ethiopian Plateau have been divided into low-

Ti tholeiitic and high-Ti alkali basalts that erupted synchronously. Porphyritic or 

aphyric basalts with pyroxene, plagioclase and minor olivine phenocrysts are typical. 

Volcaniclastic deposits can be classified as matrix-supported to clast-supported 

agglomerate, lapilli stones, or massive pyroclastic fall ash deposits. This unit consist of 

stratigraphically wide, diverse units, which include the Ashangi Formation, Makonnen 

Basalts, Geba Basalts, Akobo Basalts and the Amaro–Gamo Formation.

33. Fluvial and lacustrine sediments with intercalations of basalt or rhyolite lavas 
and volcaniclastic deposits (P4): This Eocene–Oligocene sequence consists of lignite 

seams, claystones, siltstones and silty sandstones, volcanic ashes and vertebrate and 

plant fossil-rich sandstones.

34. Karkar Formation (PgK): Limestones, marlstones. It consists of nodular limestone 

with marly intercalations and clay dated to the Middle to Upper Eocene. The formation 

contains rich shallow marine fauna. At the base there are laminated claystones, 

interbedded with gypsum and anhydrite. 

35. Taleh Formation (PgT): Evaporites (gypsum, anhydrite), chert. The formation consists 

of interbedded gypsum, anhydrite, limestone and shale. It is Lower to Middle Eocene in 

age. It was deposited in a supratidal to intertidal setting as a result of marine regression 

in the Ogaden Basin. The lowermost part of the formation consists of the Sereye Chert, 

a prominent local stratigraphic marker.

36. Auradu Formation (PgA): Limestones. It is represented by marine limestone and shale 

succession that resulted from Paleocene–Eocene transgression in the Eastern Ogaden 



Annex 2

337

Basin. It disconformably overlies the Jessoma Formation. It is fossiliferous mudstone to 

dolomitic packstone deposited in an inner- to outer-shelf environment. 

37. Jessoma Formation (KPgJ): Sandstones. It is represented by fluvial and shallow-

marine deposits Upper Cretaceous to Paleocene in age. Its age has been inferred from 

superposition with overlying and underlying sediments. The Jessoma Formation may 

be correlated with the Amba Aradam Sandstone in the Harar area. 

38. Belet Ulen Formation (KB): Limestones. It is Upper Cretaceous (Cenomanian to 

Turonian) in age when regressions and transgressions took place due to further 

subsidence in the Nogal Area. It is represented by shallow shelf-lagoonal carbonates 

and shales intercalated with sandstones. Its lower contact is unconformable with older 

units; however, at its top, it is conformable with the overlying Jessoma Sandstone. 

39. Ferfer Formation (KF): Evaporites (gypsum), limestones, dolostones, marlstones.  

It was deposited during regression in the Aptian–Albian in restricted lagoonal conditions. 

It consists of limestone, shale, dolomite, gypsum and anhydrite. It is found in a narrow 

strip in the south-eastern Ogaden Basin and extends as far south as Belet Ulen in 

Somalia.

40. Mustahil Formation (KM): Limestones. This formation is associated with marine 

transgression in East Africa in the Aptian–Albian. It consists of limestone and 

marlstone, with minor sandstone and is interpreted as deposits of a shallow marine 

carbonate shelf. In the Ogaden Basin it consists of alternating fossiliferous limestone, 

marly limestone, marl and rudist limestone deposited in an inner- to outer-shelf  

environment.

41. Korahe Formation (KK): Evaporites (gypsum). This formation consists of calcareous 

shales, anhydrites and argillaceous limestone. The upper part of the Korahe Formation 

is formed by gypsum, shale and dolomite with anhydrite intercalations while shale 

and limestone with basal sandstone form the lower part. It represents an inner shelf 

environment. The Korahe Formation occurs in the Blue Nile Basin and its equivalent 

units are found in the Mekele and Harar areas and also in the Danakil Range.

42. Amba Aradam Formation (KAA): Sandstones. It is widely distributed in the western 

Ogaden Basin, Blue Nile Basin and Mekele Basin. In the eastern Ogaden Basin it laterally 

passes to the Mustahil and Korahe formations. It is dominated by sandstones deposited 

in braided and meandering river systems. It can be correlated with the Debre Libanos 

Formation of the Blue Nile Basin. 

43. Mugher/Agula Formation (JKMA): Mudstones, shales. It was deposited during the 

Late Jurassic–Lower Cretaceous (Kimmeridgian–Berriasian) maximum transgression 

in northern Ethiopia. This unit occupies the central part of the Mekele Basin. It was 

deposited under semi-arid lagoonal conditions and may be correlated with the shaly 

gypsum unit above the Antalo Limestone in the Danakil Range.

44. Garbaharre Formation (JKGH): Evaporites (gypsum), sandstones. This unit consists of 

sandstones, dolomitic limestones, biostromal and micritic limestones while an upper 

member is formed of alternating limestones and dolostones, sandstones, shales and 

anhydrite. The age of the formation extends from the Upper Jurassic (Tithonian) to 

the Lower Cretaceous (Berriasian). The Garbaharre Formation extends to the south of 

Bedesa area to Mechara – Shannan – Sheik Hussein road, south of Wabi Shebele River. 
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The depositional environment of the Garbaharre Formation is generally interpreted as 

foreshore to offshore.

45. Antalo Formation (JAL): Limestones. This formation overlies the Adigrat Sandstone 

with a transitional contact in the Mekele Basin. The Lower member here consists 

of marlstone-grainstone cycles with abundant trace fossils and stromatoporoids. 

The Upper member is formed by cycles of nodular marlstones passing to oolitic and 

oncolitic grainstones. In the Danakil Range, four depositional cycles were distinguished 

representing a shallow open-marine shelf. It is Middle Jurassic to Lower Cretaceous 

(Callovian–Berriasian) in age.

46. Gabredarre Formation (JGD): Limestones, minor marlstones, sandstones, evaporites 

(gypsum). It conformably overlies the Urandab Formation in the Ogaden Basin. It is 

represented by limestones and shales with minor intercalations of sandstones and 

gypsum from the Upper Jurassic (Tithonian).

47. Urandab Formation (JUR): Marlstones, shales. This formation is Middle to Upper 

Jurassic (Callovian to Kimmeridgian) in age. It consists of dark laminated limestones, 

marlstones and black shales. It occurs in the Ogaden, Blue Nile Basin and Mekele Basin. 

48. Hamanlei Formation (JH): Limestones interbedded with shales and sandstones. This 

unit represents the main transgressive phase of the Mesozoic sedimentary succession 

in the Lower to Middle Jurassic (Pliensbachian–Bathonian) and occurs in the Blue Nile 

Basin, Ogaden Basin, Danakil Horst and in Mekele Basin. The lower part is formed 

by alternations of gypsum, dolostone, limestone, mudstone and shale. It deposited 

in a restricted marine or lagoonal environment. The upper part consists of marly 

limestones, skeletal packstone–wackstone, oolitic–skeletal packstone and shales. 

49. Gohatsion Formation (JG): Sandstones interbedded with evaporites and carbonates. 

This formation is Lower to Middle Jurassic in age (Hettangian to Bathonian). It consists 

of intercalated mudstones, sandstones, evaporites and carbonates. Typical development 

can be found near Gohatsion, Dejen, Mugher and Jemma in the Blue Nile Basin. The 

Lower Mudrock Member was deposited within a siliciclastic-dominated back barrier 

tidal flat system, deposition of the middle Gypsum Member took place in a marine 

coastal sabkha belt, whereas the Upper Mudrock Member was deposited in a broad 

coastal shelf. 

50. Adigrat Formation (TJA): Sandstones, minor conglomerates, siltstones. This formation 

unconformably overlies either the Precambrian basement or the Upper Paleozoic 

sedimentary succession in the Ogaden, Blue Nile and Mekele basins, the Afar Depression 

and the Main Ethiopian Rift. The formation is dominated by alluvial fan and fluvial 

clastics of the Upper Triassic to Middle Jurassic age. Transitional facies between the 

Adigrat and Hamanlei formations may be locally present. They are represented by  

alternations of sandstones, mudstones, gypsum, anhydrite and dolomite or by alternating 

sandstones, shales and limestones.

51. Karoo clastics (only in geological cross-section and lithostratigraphic scheme 
(CT). These rocks do not crop out on the surface, they are only known from deep 

boreholes located in the Ogaden and Blue Nile basins. They are considered as Karoo 

equivalents of the Upper Paleozoic to Mesozoic age (Pennsylvanian–Triassic) that 

unconformably overlie the Precambrian basement. They predominantly consist of 
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continental conglomeratic sandstones, sandstones, siltstones, mudstones and shales 

800–1,200 m thick. Three formations are distinguished in the Ogaden Basin: the Middle 

to Upper Triassic alluvial and fluvial dominated Gumbro Formation, the Permian to 

Lower Triassic lacustrine Bokh Formation and the Permian alluvial and fluvial Calub 

Formation.

52. Enticho Sandstone and Edaga Arbi Tillite (OP): Sandstones, diamictites. This 

formation unconformably overlies the Precambrian basement rocks in the Blue Nile 

and Mekele basins. It is characterized by fine-grained sandstones, commonly cross-

bedded with slump structures. The Edaga Arbi Tillite is subdivided into two units:  

(a) The lower unit is characterized by grey to black, poorly-sorted pebble and boulder 

conglomerate with sand-silt matrix. The upper part of the unit becomes grey and purple 

siltstone, well laminated with thin beds of silty limestone. (b) The central part of the 

glacial channel. To the west, the facies changes from tillite to grey and red siltstone and 

fine-grained and well-bedded sandstones.

53. Leucocratic coarse-grained granites (γκ): Leucogranites with muscovite-biotite 

and muscovite-garnet. Widely corresponding to Lower Paleozoic, these plutons are 

represented mainly in the western, southern and, partly, the northern Ethiopian shields 

intruding the medium- to low-grade, metamorphic facies basement rocks. They are 

composed of euhedral to subhedral plagioclase and anhedral to subhedral alkali 

feldspars, biotite, muscovite and, locally, also euhedral garnet. Typical accessory 

minerals are zircon, monazite, allanite, apatite, Fe–Ti oxides and pyrite.

54. Biotite to amphibole-biotite syenites(ζ): The syn-tectonic biotite syenite, found 

to the southwest of Agere Mariyam (Bule Hora), a town in southwestern Ethiopia, 

have concordant intrusive contacts with the regional foliations. Although radiometric 

data is lacking, an Ediacaran age could be inferred from its similarity to other nearby 

intrusives. The medium-grained, foliated syenite consists of perthitic alkali feldspar, 

plagioclase and quartz, with minor biotite. Their accessory minerals include zircon, 

apatite, monazite and ilmenite. 

55. Porphyritic biotite granites(pγ): Lower Paleozoic post-tectonic, porphyritic biotite 

granites with a pinkish-red colour and a medium to coarse-grained texture. Occur as 

small intrusive bodies in the western and southern Ethiopian shields.

56. Biotite to amphibole-biotite granite to granodiorites (γ): Medium- to coarse-grained, 

often porphyritic granite to granodiorite (tonalite), consists of anhedral quartz, subhedral 

plagioclase, anhedral to subhedral K-feldspar, biotite, and locally also amphibole and/or 

pyroxene. Accessory minerals include zircons, apatite, monazite and ilmenite. Locally 

present are microgranular mafic enclaves (MME) up to 20 cm in diameter, which consist 

of amphibole, biotite, plagioclase and quartz. These units represent the largest tract of 

the syn-tectonic granitic intrusives, across all the Precambrian basement terrains of 

Ethiopia. In particular, it forms a long stretch of the granitic complex in western Ethiopia 

from the Gore–Gambela area southwards to Gura Ferda. An Ediacaran age can be 

inferred from the few dates available. Their emplacement age is from the metamorphic. 

57. Biotite to amphibole-biotite tonalites (σ): Medium- to coarse-grained, often 

porphyritic tonalite, consists of anhedral quartz, subhedral plagioclase, anhedral to 

subhedral K-feldspar, biotite and, locally, also amphibole and/or pyroxene. Accessory 
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minerals include zircons, apatite, monazite and ilmenite. Generally limited to the 

area southwest of Agere Mariyam (Bule Hora), a  town in southwestern Ethiopia, 

a Lower Paleozoic age is inferred from their discordant contact with the surrounding 

metamorphic units.

58. Diorites and gabbros (υ): Pre- to syn-tectonic amphibole-biotite to amphibole 

or pyroxene diorite to gabbro forming dark grey, massive oval or elongated bodies 

within metamorphic complexes. These intrusives occur as small bodies in the Western 

Ethiopian Shield intruding the low- to medium-grade metamorphic facies units. 

Available radiometric ages from around Gimbi, a town in western Ethiopia, suggest 

a Tonian age for the intrusives. The dominant rocks are medium to coarse-grained 

amphibole-biotite gabbro, irrespective of the composition of the primary mafic 

minerals, which are probably pyroxenes. Generally unaltered or slightly altered gabbro 

to diorites containing amphibole, plagioclase, often pyroxene (orthopyroxene and/or 

clinopyroxene), and rare olivine. Typical accessory phases are apatite, ilmenite and/or 

magnetite, and minor pyrite (some have chalcopyrite).

59. Metasiltstones, metasandstones and metaconglomerates (p): Their occurrence in 

the map is limited to the northwestern end of the Northern Ethiopian Shield. In the 

Northern Ethiopian Shield, a Tonian–Cryogenian depositional age, derived from the 

calc-alkaline arc magmatism, has been inferred. The metasiltstone often shows strongly 

developed cleavage associated with regional low-grade metamorphism. The mineral 

assemblage includes albite, quartz, chlorite, and sometimes white mica, smectite group, 

graphite, calcite and pyrite. Mostly well-defined, slaty cleavage and primary sedimentary 

structures are locally preserved. The metasandstones are arkosic, with preserved cross-

bedding often interbedded with siltstone and claystone. Coarse-grained and clast 

supported metaconglomerates contain a mixture of small clasts of plagioclase, quartz 

and K-feldspar, with fine-grained chlorite and sericite forming the basal matrix. The 

polymictic conglomerates are characterized by variation in pebble abundance from 20 

to almost 60% volume, which are predominantly of volcanic and volcaniclastic origins 

from granitoids (tonalite) and quartz. The typical size of pebbles ranges from 1–8 cm with 

variable degrees of flattening.

60. Phyllites, metagreywackes and metaconglomerates (w): Metagreywackes and 

metaconglomerates are exposed mainly in the northern part of the Ethiopian Shield in 

the Axum area. These Neoproterozoic metasediments are associated with Tonian arc 

magmatism belonging to the Tsaliet Group, composed of the intercalation of quartz-

feldspathic metagreywackes and polymictic to monomict metaconglomerates. These 

occur as an intercalation of metagreywackes, dark slate, and polymictic to monomictic 

metaconglomerates. Sedimentary structures, like graded bedding, are locally preserved 

in less deformed sequence parts. Light grey to dark grey and green metagreywackes 

comprise of quartz, feldspars, massive volcanic particles and phyllosilicates such as 

chlorite and muscovite. The polymictic metaconglomerates contain a mixture of small 

clasts of plagioclase, quartz and K-feldspar, with fine-grained chlorite and sericite 

forming the basal matrix. Predominant pebbles include volcanic and volcaniclastic rocks 

and suggest volcanic arc sources. Typical size ranges from 1–8 cm with varying degrees 

of rounding and flattening.



Annex 2

341

61. Slates interbedded with black and dolomitic limestones (fv): Limestones and 

dolomitic limestones Tambien Group deposited in an arc-proximal basin forming 

a multiple NE–SW trending synclinorium; sedimentation culminates in glacial deposits 

associated with the first Cryogenian glaciations. Slate and phyllite with minor limestone 

and sericitic schist layers at the outer parts over laid by black and partly algal limestone, 

dominantly purple coloured slate, and sugary dolomite and minor slate layers. Their 

occurrence is limited to the Northern Ethiopian Shield.

62. Chlorite-sericite schists (ss): Chlorite-sericite schists, exposed in the Northern 

Ethiopian Shield west of Shire town, are dominated by weakly metamorphosed and 

deformed post-accretionary clastic and carbonate deposits. From their relation to the 

regional metamorphic rock assemblages, a Tonian–Cryogenian age could be inferred 

for the chlorite-sericite schists. These rocks are fine-grained and slightly foliated. The 

chlorite-sericite schists are variegated in colour, ranging from grey to black and reddish, 

and consist of graphite, sericite, chlorite and a minor amount of fine-grained albite and 

quartz.

63. Phyllites and graphitic schists (f): They show grey to dark grey colours and are present 

mainly in the Western Ethiopian Shield to the north and south of Asosa town which can 

generally be attributed to Proterozoic in age. They form elongated bodies with a trending 

NNE–SSW direction. This lithology is intercalated by metagranite, metatonalite, and 

amphibole schist. The phyllite contains quartz, muscovite, biotite and/or chlorite, as 

well as graphite and opaque minerals. Minerals show strong parallel alignment with 

metamorphic foliation. Graphitic schist is present only as several metres thick layers 

within the complex of biotite phyllites. The graphite schist is dark grey, fine grain and 

strongly foliated rock consisting of quartz, graphite, muscovite, plagioclase, biotite and 

chlorite. Several m thick lenses are made of quartzite inside of biotite paragneisses and 

graphitic schist. 

64. Limestones and dolomitic limestones (v): These are assigned to the platform of 

metacarbonates exposed as the Tambien Group units in the Northern Ethiopian 

Shield with an inferred depositional age as Cryogenian. The limestones and dolomitic 

limestones have a fine- to medium-grained crystalline texture and are rich in calcite, 

with dolomite content below 10%. Occasionally, detrital quartz and feldspar, as well as 

minor pyrite, are present. The limestones are mostly metamorphosed chlorite-sericite 

schists. The carbonate bodies contain carbonate beds several metres in thickness, with 

thinner intercalated low-grade metamorphosed chlorite-sericite and sericite schists.

65. Intermediate to felsic metavolcanites (undifferentiated) (mρ): These are assigned 

to the Tsaliet metavolcanic group typically found in the Northern Ethiopian Shield 

corresponding to the island arc magmatism in the Tonian–Cryogenian. Compositionally, 

the metavolcanites range from intermediate to felsic and consist of thick pyroclastic and 

volcaniclastic deposits, as well as a massive porphyritic basaltic to andesitic lava flow. 

Additionally, minor carbonate and pelitic sedimentary rocks are present.

66. Metavolcanosedimentary sequences (undifferentiated) (mρβ): These are a Neo

proterozoic low-grade metamorphosed volcanosedimentary complex that includes 

metavolcanites, gneiss-migmatite, amphibolite, metagabbro, chlorite schist, talc-chlorite 

schist and intrusions of younger granitoid. These have been assigned to the category 
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“poorly documented” and occurrences are found in the Ethiopian shields, mainly in the 

eastern one and partly in the westernmost part of the western one.

67. Metatuffs with minor greenschists (mβ): The greenschists and metatuffs, are indicated 

as a belt of the Adi Hageray in the western part of the Northern Ethiopian Shield, are 

composed of albite, actinolite, chlorite and minor opaque minerals (Fe–Ti oxide). 

The porphyroblasts are mainly euhedral and subhedral pseudomorphs of amphibole 

after pyroxene. The intergranular or intersertal groundmass consists of albite, fibrous 

actinolite, chlorite and carbonate. A Tonian–Cryogenian age is associated with this 

metavolcanic belt.

68. Metavolcanites (undifferentiated) (B): Unspecified metavolcanic belonging 

to the north-trending Tulu Dimtu – Baruda Belt, which comprises of a  volcano-

sedimentary complex and discontinuous bodies of mafic-ultramafic rocks. Acid and 

mafic metavolcanites occur either in synforms and limbs of antiforms or as elongated  

bodies.

69. Metadiorites, metatonalites, metagabbros and metaperidotites (mσ): These mafic and 

ultramafic rocks are associated with high-grade gneisses, low-grade metamorphosed 

volcanic and sedimentary rocks. These constitute the pre-tectonic suites of mafic and 

ultramafic igneous rocks and occur mostly in the western and to some extent in the 

northern and southern Ethiopian shields. The units attain a sinuous concordant shape 

with respect to the regional metamorphic fabric, which conforms to their genesis, pre- to 

syn-tectonic to the regional deformation. A Tonian age is determined in the Southern 

Ethiopian Shield from mylonitized diorite gneiss. The metatonalites to metadiorite 

suites are medium-grained, weakly to strongly foliated rocks, often with abundant 

amphibole and/or biotite-rich schlieren. The metatonalites consist of biotite, amphibole, 

plagioclase, K-feldspar and minor amounts of sphene and epidote. Dark grey metagabbro 

is largely recrystallized and a subhedral texture is common. Metagabbro consists of 

subhedral-euhedral plagioclase with amphibole as the principal mafic mineral.

70. Marbles and calc-silicate rocks (v): These are mostly outlying in the Western Ethiopian 

Shield, in particular east and northeast of Mankush town. White to grey marbles, 

showing medium to coarse-grained texture with varying amounts of calcite, dolomite 

and silicate minerals, form small bodies within migmatites. These rocks contain silicate 

minerals such as diopsite, tremolite, plagioclase, quartz, epidote, olivine and pyrite. 

The calc-silicate rocks occur as several metres thick layers and lenticular bodies within 

leucocratic migmatites or marbles. They consist of medium-grained granoblastic rock 

made up of quartz, plagioclase, garnet, clinopyroxene, magnetite, ilmenite and titanite. 

Garnet forms well-developed porphyroblasts without significant chemical zoning and 

with few inclusions of quartz, pyroxene and plagioclase. The accessory minerals include 

apatite, magnetite, ilmenite and pyrrhotite.

71. Mica-schists with minor amphibolites and gneisses (m): Biotite paragneisses with 

amphibolites, calc-silicate rocks, marbles and mica-schists. The low-grade components 

might reflect retrograde metamorphism. Generally Proterozoic in age, these rock 

assemblage are outliers in the map forming small patches in the southern end of the 

Western Ethiopian Shield (Surma Shear Zone area) and in the Moyale Unit of the 

Southern Ethiopian Shield.  
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72. Biotite paragneisses with amphibolites, calc-silicate rocks, marbles and mica-schist 
(gA): This unit comprises of biotite to biotite-amphibole paragneisses. Subordinately it 

contains intercalations of marble, calc-silicate rocks, amphibolite and muscovite-biotite 

or muscovite-chlorite mica-schist.  Lenses of talc-tremolite schist within the mafic 

gneisses and amphibolites are locally present.

73. Biotite gneisses with minor amphibolites (g): Forming ~NNE–SSW trending belts 

mainly in the Western Ethiopian Shield. The biotite to muscovite-biotite paragneiss, 

with a medium-grained texture, displays a well-developed metamorphic foliation. The 

major mineral phases in these rock units are plagioclase, quartz, biotite and often also 

muscovite, while the common accessory minerals include apatite, zircon, monazite 

and opaque minerals. The amphibolite has a medium to coarse-grained texture with 

compositions ranging from subhedral to euhedral amphibole and partly recrystallized, 

normally zoned plagioclase. Minor biotite occurs, mainly intergrown in the amphibole 

aggregates. Rare garnet is equant, poikiloblastic, and partially resorbed by symplectites; 

it is composed of diopside and plagioclase.

74. Migmatitized biotite paragneisses (Mg): Medium- to fine-grained, dark grey colour 

with variable content of leucosome. The types of rock vary between biotite paragneiss, 

metatexite and diatexite.

75. Biotite migmatites (M): Biotite migmatites constitute part of the western high-grade 

metamorphic terrain in the southern Ethiopian shield, south of Agere Mariam (Bule 

Hora) town. These Proterozoic migmatites are characterized by alternating fine- to 

medium-grained leucocratic and melanocratic bands on a centimetre scale. Their 

mineral assemblage comprises anhedral quartz, anhedral to subhedral partly altered 

plagioclase and biotite, and minor perthitic K-feldspar crystals. Secondary minerals 

include muscovite, mainly along the microfractures in the K-feldspar, and chlorite 

replacing biotite while accessory minerals are zircon, apatite, monazite and opaque 

minerals. They portray contorted, stromatic, agmatic, nebulitic, ophthalmitic structures. 

76. Leucocratic migmatites (lM): Migmatites occupy the region around the town of 

Yabelo in the Southern Ethiopian Shield with an inferred generally Proterozoic age. 

They are characterized by a high leucosome content and medium- to coarse-grained to 

medium-grained granoblastic or lepidogranoblastic textures. The rocks are composed of 

plagioclase, K-feldspar, quartz and biotite. The quartz forms lobate to straight boundaries 

with the K-feldspar or plagioclase, displaying undulatory extinction. The biotite is partly 

altered to chlorite and contains zircon and/or monazite inclusions.

77. Metagranites and orthogneisses (G): Pre-tectonic metagranite and orthogneiss bodies, 

broadly inferred as Proterozoic in age, forming patches of a high-grade metamorphic 

terrain in the Western Ethiopian Shield, particularly in a north-south running belt 

including the town of Gambela. These units are also outlined in the Southern Ethiopian 

Shield, constituting the western sector of the high-grade metamorphic terrain. They have 

a medium and rarely fine-grained texture and a light-grey colour. They portray a locally 

porphyroclastic texture with a variable degree of deformation. Mafic micro-granular 

enclaves up to 20 cm in length are locally visible. Their composition is mainly quartz, 

plagioclase, K-feldspar, biotite and sometimes minerals of the epidote-clinozoisite 

group. Accessory minerals include zircons, apatite, allanite and opaque minerals. 
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Subhedral plagioclase often shows polysynthetic twinning. Perthitic orthoclase occurs 

as subhedral to anhedral grains. The biotite is often found forming subhedral laths that 

are oriented subparallel to each other.

78. Migmatitized orthogneisses (MG): These partly constitute the Hamar domain and 

the western high-grade metamorphic terrain in the Southern Ethiopian Shield. These 

high-grade Proterozoic rocks have medium to coarse-grained to medium-grained 

granoblastic or lepidogranoblastic textures composed of plagioclase, K-feldspar, quartz 

and biotite. The quartz forms lobate to straight boundaries with the K-feldspar or 

plagioclase, displaying undulatory extinction. The biotite is partly altered to chlorite and 

contains zircon and/or monazite inclusions.

79. Granulites and minor (ultra)mafic rocks (Gr): Two-pyroxene, medium-grained 

granulite in SES is locally interlayered by thin beds and lenses of amphibole-rich granulite 

and amphibolite are outlined in the region north of Moyale, a town in the Southern 

Ethiopian Shield. This rock consists of euhedral to subhedral orthopyroxene, typically 

zoned plagioclase, clinopyroxene of diopside–augite composition, quartz, and subhedral 

perthitic or mesoperthitic K-feldspar. The minor minerals present are biotite and garnet. 

Biotite shows partial replacement by calcite and chlorite. Amphibole and/or biotite-

plagioclase symplectites sometimes rim the pyroxenes. Accessory minerals include 

apatite, zircon, magnetite, ilmenite, rutile, titanite, pyrrhotite, chalcopyrite and fluorite.

80. Greenschists and amphibolites (A): This unit is assigned to patches of Proterozoic, 

low- to medium-grade, metamorphic rock assemblages in the western, southern, and 

to some extent in the Northern Ethiopian Shield. Assemblages of rocks greenish to dark 

greyish in colour, with local relics of magmatic textures and varying degrees of alteration 

(chloritization). In some samples of metabasalt, a porphyroblastic texture is notable, 

while the matrix consists of amphibole and plagioclase, with minor chlorite, actinolite 

and opaque minerals.

81. Talc and actinolite schists, metabasites and serpentinites (S): These Proterozoic units 

are outlines in the map corresponding to the Megado and Kenticha mafic-ultramafic belts 

in the Southern Ethiopian Shield. In the Western Ethiopian Shield, the units are outlined 

broadly corresponding to the so-called Tulu Dimtu – Daleti – Yubdo Belt. The talc-

tremolite to chlorite schist is predominantly medium to fine-grained and strongly foliated, 

with a green to whitish green colour. They are primarily composed of talc and tremolite, 

with minor amounts of chlorite, phlogopite, serpentine group minerals and carbonate. 

Talc and chlorite are present as fine-grained flakes and laths in the groundmass, exhibiting 

well-developed parallel alignments that define the foliation planes.

82. Serpentinized peridotites (οσ): Their occurrence is limited to the Southern Ethiopian 

Shield, westernmost sector. The serpentinized peridotites and dunites, ranging in 

colour from dark green to pale green, have a fine-grained texture, containing remnants 

of clinopyroxene and rarely olivine dispersed in the predominant mineral, the 

serpentine group. Chromite and magnetite are the typical accessory phases in these 

rock assemblages.

83. Igneous and metamorphic rock assemblage (only in geological cross-section and 
lithostratigraphic scheme; MG): Unspecified metamorphic and igneous rocks of 

Precambrian to Lower Paleozoic age.
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Whole-rock geochemistry sources
Interpretation is based on new geochemical data and compilations of geochemical data 

from El-Hinnawi (1964), Brown and Carmichael (1969), Cheminee et al. (1970), Gibson 

(1970), Mohr (1971, 1972, 1980), Di Paola (1972), Girsom (1972), Weaver et al. (1972), Brotzu 

et al. (1974, 1980, 1981), Santarnecchi (1978), Zanettin (1978), Cerling et al. (1979), Mohr 

(1980), Martz and Brown (1981), Hall et al. (1984), Walter et al. (1987), Haileab (1988), 

Hart et al. (1989a, b), Asfaw et al. (1991), WoldeGabriel et al. (1991), Brown et al. (1992), 

Hart et al. (1992), Gasparon et al. (1993), Deniel et al. (1994), Wolde and Widenfalk (1994), 

Boccaletti et al. (1995), Haileab (1995), Stewart and Rogers (1996), Teklemariam (1996), 

Teklemariam et al. (1996), Wolde (1996), Lowenstern et al. (1997), Abebe et al. (1998a, b), 

Chernet and Hart (1999), George (1999), Trua et al. (1999), Yemane et al. (1999), Yirgu et al. 

(1999), Barberio et al. (1999), Conticelli et al. (1999), deMenocal and Brown (1999), Yemane  

et al. (1999), Katoh et al. (2000), Ayalew et al. (2002), George and Rogers (2002), Ayalew and 

Yirgu (2003), Peccerillo et al. (2003), Geraads et al. (2004), Haileab et al. (2004), Abebe et al. 

(2005a, b), McDougall et al. (2005), Rampey (2005), Rooney et al. (2005), Tommasini et al. 

(2005), WoldeGabriel et al. (2005), Ayalew et al. (2006), Furman et al. (2006a, b), Zanettin  

et al. (2006), Rooney et al. (2007), Godebo (2008), Morgan and Renne (2008), Simpson  

et al. (2008), Ayalew and Gibson (2009), Beccaluva et al. (2009), Hagos et al. (2010a, b),  

Ronga et al. (2010), Rooney (2010), Chapon et al. (2011), Natali et al. (2011), Shinjo et al. (2011), 

Field et al. (2012), McDougall et al. (2012), Rooney et al. (2012a, b), Ferguson et al. (2013a, b),  

Rooney et al. (2013), Walkup (2013), WoldeGabriel et al. (2013), Adhana (2014), Giordano  

et al. (2014), Rooney et al. (2014), Ayalew et al. (2016), Hutchison et al. (2016a–c), Katoh et al.  

(2016), Mège et al. (2016), Rapprich et al. (2016), Feyissaet et al. (2017), Martin-Jones 

et al. (2017a, b), Fontijn et al. (2018), Fusillo (2018), Hutchison et al. (2018), McNamara  

et al. (2018), Melaku (2018), Resom et al. (2018), Roney et al. (2018), Siegburg et al. 

(2018), Ayalew et al. (2019), Boës et al. (2019), Corti et al. (2019), Di Rienzo (2019), Feyissa  

et al. (2019), Iddon et al. (2019), Nelson et al. (2019), Tadesse et al. (2019), Hiluf and Asrat 

(2021), Resom et al. (2021), Tamirat et al. (2021), Steiner et al. (2022), Tortelli et al. (2022), 

Vidal et al. (2022), Buriánek ed. (2023), Girum et al. (2023), Nigussie et al. (2023), Verner, 

Megerssa, Buriánek eds. (2023). Geochemical data were handled and plotted using the 

GCDkit software package (Janoušek et al., 2006). 

About 0.5–4 kg new samples were crushed (jaw crusher) and homogenized in an agate 

planetary ball mill for the new whole-rock chemical analyses. Major and trace elements were 

determined at the Acme Analytical Laboratories, Ltd., Vancouver, Canada (representative 

whole rock analysis of volcanic rocks from main units are present in tab. X). Major oxides 

were analyzed by the ICP-ES method. Loss on ignition (LOI) was calculated from the 

weight difference after the ignition at 1,000 °C. The rare earth and other trace elements 

were analysed by ICP-MS following LiBO2 fusion (analytic code: LF202; for analytical 

details, reproducibility, and detection limits see https://www.bvna.com/mining-laboratory-

services). 
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Table 1-1.  Results of new whole rock analysis (in wt.%, ppm) of representative samples of volcanic rocks.

RM114 OP199B LMG006 NG061 BA003 BE021 RM040 VZMIL009 BA009

unit 137 137 136 136 133 133 132 132 130

Group EP EP EP EP EP EP EP EP EP

locality Basalt Basalt Trachyte Ignimbrite Phonolite Trachyte Basalt Trachyte Basalt

  wt.% 

SiO2 48.4 48.97 67.28 67.65 64.29 65.07 46.02 46.77 49.22

Al2O3 18.6 13.43 15.19 11.57 16.52 17.66 15.95 15.26 18.72

Fe2O3 9.59 10.4 4.29 5.69 5.08 3.08 11.99 10.19 10.68

MgO 3.99 7.24 0.03 0.32 0.04 0.1 6.56 8.54 2.56

CaO 8.42 9.52 0.14 0.37 0.25 0.36 9.12 9.64 7.95

Na2O 3.79 2.45 6.13 3.75 6.49 6.16 2.64 2.57 4.26

K2O 1.98 0.7 4.78 4.96 5.13 5.61 1.32 0.82 1.37

TiO2 1.86 2.27 0.24 0.52 0.22 0.27 2.37 1.58 2.63

P2O5 0.7 0.27 0.03 0.05 0.02 0.05 0.58 0.29 0.58

MnO 0.18 0.14 0.09 0.22 0.16 0.02 0.22 0.14 0.15

Cr2O3 0.008 0.066 0.003 0.004 < 0.002 0.009 0.023 0.064 < 0.002

LOI 2.1 4.2 1.2 4.5 1.5 1.3 2.9 3.8 1.6

Sum 99.71 99.69 99.41 99.57 99.74 99.7 99.69 99.73 99.74

  ppm

Ba 674 230 24 93 8 190 639 278 609

Co 26.4 43 92 2.3 1.6 0.7 79.5 43.7 27.5

Cu 41.3 73.8 2.9 1.7 3.9 3.5 62.6 49.5 31.9

Cs 0.5 < 0.1 0.2 1.2 0.8 0.6 0.2 0.2 0.2

Ga 15.3 19.8 35.5 32.6 34.9 27.2 16.6 14 21.8

Hf 4.5 4.7 43.5 33.9 20.5 21.4 3.4 3.3 5.8

Mo 2.5 0.2 5.9 0.4 6 5 0.8 0.3 0.6

Nb 74.8 13.1 335.7 210.2 162.7 200.4 39.9 15.1 15.6

Ni 21.5 67.9 0.7 1.6 0.1 1.6 64.1 136.7 9.2

Pb 2.7 1.6 24.2 3.5 13.2 10.4 2 1.6 2.6

Rb 52.7 15 160.1 135.5 193.5 120.5 26 17.8 18.2
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RM114 OP199B LMG006 NG061 BA003 BE021 RM040 VZMIL009 BA009

Sr 946 468.5 3 20.8 21.7 16.3 686.9 317.3 868.2

Ta 4.3 1 19.9 12.8 10.4 12 2.3 1 1.1

Th 8.1 2.3 41.8 24.9 18 22.2 3 1.4 1

U 2 0.5 9.7 5.8 3.5 4.5 0.7 0.2 0.2

V 153 366 < 8 17 < 8 9 288 241 149

Zn 68 56 127 41 124 46 71 56 91

Zr 195.8 189.6 1970 1432.7 939.7 1091.2 136.7 137.3 245.6

Y 27.1 28.2 115.3 135.6 91.4 48.4 26.2 23.4 36.9

La 58.3 19.7 149 193 106.5 143.2 31.6 15.7 22.4

Ce 105.3 47.9 368.9 325.3 201.9 233.1 62 32.8 54

Pr 11.65 6.58 29.64 43.26 22.07 24.43 7.75 4.46 7.56

Nd 42.3 28.4 105.2 153.8 78.7 78.8 31.3 19.4 34.9

Sm 7.27 6.51 21.78 27.59 14.27 11.99 5.98 4.35 7.96

Eu 2.3 2.17 1.24 3.49 0.69 1.21 2.03 1.5 2.8

Gd 6.64 6.95 20.6 24.19 14.03 9.51 6.38 4.77 8.58

Tb 0.92 1.04 3.44 4.09 2.41 1.53 0.89 0.74 1.3

Dy 5.1 5.74 20.91 24.85 15.17 8.59 5.09 4.67 7.29

Ho 1.04 1.14 4.36 5.05 3.42 1.78 0.99 0.93 1.33

Er 2.95 3.06 12.93 15.39 10.46 5.35 2.72 2.79 3.84

Tm 0.39 0.38 1.91 2.26 1.6 0.82 0.38 0.39 0.5

Yb 2.68 2.49 13.09 14.47 11.13 5.39 2.45 2.36 3.08

Lu 0.4 0.34 2.11 2.23 1.68 0.9 0.38 0.35 0.43

Table 1-1.  Continued.
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Table 1-1. Continued.

BA010 BA018 BA011B DE796A BA024 RM123 RM112 DE742 RM093A BZ015

unit 130 129 128 127 126 123 122 119 117 114

Group EP EP EP Afar Afar MER MER MER MER MER

locality Trachyte Trachyte Ignimbrite Trachyte Ignimbrite Basalt Trachyte Basalt Rhyolite Basalt

wt.%                    

SiO2 48.5 63.98 74.83 54.68 72.53 48.97 62.69 43.84 72.79 44.44

Al2O3 13.97 14.26 12.19 13.05 13.55 12.68 18.52 15.49 9.72 14.58

Fe2O3 14.52 6.31 2.93 11.73 2.15 15.46 2.5 14.13 5.95 12.34

MgO 3.71 0.15 0.21 3.11 0.09 4.56 0.19 6.24 0.07 6.24

CaO 8.26 1.63 0.15 6.39 0.12 8.65 1.05 10.98 0.18 10.36

Na2O 3.35 4.68 0.77 3.6 4.21 2.69 7.08 2.92 4.04 2.68

K2O 0.95 4.78 5.18 1.59 4.22 1.09 4.81 0.69 4.48 0.92

TiO2 3.24 0.45 0.6 2.19 0.52 3.95 0.91 3 0.22 2.75

P2O5 0.43 0.06 0.04 0.49 0.03 0.4 0.41 0.5 < 0.01 0.61

MnO 0.27 0.21 0.07 0.21 0.03 0.19 0.07 0.2 0.06 0.19

Cr2O3 0.002 < 0.002 < 0.002 0.003 0.003 < 0.002 < 0.002 < 0.002 < 0.002 0.03

LOI 2.5 3.2 2.6 2.7 2.2 1 1.4 1.6 1.9 4.5

Sum 99.72 99.75 99.62 99.76 99.76 99.68 99.85 99.64 99.39 99.7

ppm

Ba 333 917 268 454 799 255 2177 503 8 377

Co 41.2 2.1 2.3 27.3 1.7 47.5 1.1 55.6 0.5 56.8

Cu 33.8 0.4 0.5 39.3 2.3 147.6 < 0.1 74.7 0.6 20.9

Cs 0.2 1.2 0.9 0.3 0.6 0.3 < 0.1 0.4 0.4 0.3

Ga 25 27 37.3 23.5 29.8 23.5 20.4 19.8 38.6 14.9

Hf 7.1 20.4 40 8.6 20.8 7.9 8.1 5.9 43 4

Mo 0.4 1.5 1.5 1.1 0.5 1.3 0.3 1.8 0.6 0.3

Nb 18.2 117.8 163.8 16.6 88.1 29.3 61 55.1 247.7 25.3

Ni 9.9 < 0.1 2.8 6.4 4.1 14.9 0.6 35.2 0.7 118.2

Pb 0.6 8.2 4.9 3.1 6.6 1.6 5.8 2.1 7.3 1.4

Rb 9.6 139.3 161.3 33.3 92.4 20.2 72.2 30.2 172.6 17.3
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BA010 BA018 BA011B DE796A BA024 RM123 RM112 DE742 RM093A BZ015

Sr 509.6 66.2 12.8 365.1 44.8 434.4 204.3 747.5 6.8 584.8

Ta 1.4 7.5 11.4 1 5.7 2.1 3.5 3.4 16.9 1.6

Th 2.2 14.3 25.7 3.4 14.2 3.3 6.6 4.3 27.2 1.6

U 0.4 3.3 8.2 1.2 4.1 1.1 1.9 1.2 3 0.2

V 364 < 8 20 214 10 450 < 8 363 28 290

Zn 85 154 58 84 136 72 132 90 229 75

Zr 272.3 878.1 1580.5 318.8 823 285.5 338.5 243.5 1728.6 165.7

Y 42.9 94.1 139.1 60.7 85.4 37.7 43.1 25.4 228.6 26.4

La 23.5 90.4 114.4 25.3 97.5 29.9 68.2 43.6 589.1 26.3

Ce 53.8 178.2 272.5 61.6 185.9 66 130.7 89.3 533.8 52.6

Pr 7.82 20.78 34.68 8.55 23.78 9.32 15.78 10.91 130.8 6.89

Nd 36.1 80.7 137.5 40.7 89.9 40.8 57.8 42.6 457.1 29.4

Sm 8.82 16.17 30.11 10.09 16.23 9.81 9.6 7.92 81.28 6.43

Eu 2.93 3.06 7.57 3.19 3.6 2.94 2.9 2.55 5.84 2.32

Gd 10.22 15.93 27.61 11.98 14.83 9.71 8.41 7.34 66.6 6.49

Tb 1.54 2.69 4.56 1.92 2.43 1.49 1.23 1.01 8.64 0.93

Dy 8.13 17.02 27.45 11.06 14.27 7.97 7.11 5.6 43.14 5.25

Ho 1.58 3.58 5.1 2.31 3.04 1.49 1.54 1 7.71 1.02

Er 4.18 10.96 15.24 6.37 8.72 4.09 4.58 2.63 19.62 2.78

Tm 0.52 1.59 2.13 0.87 1.23 0.5 0.64 0.34 2.66 0.36

Yb 3.24 10.5 13.62 5.41 8.18 3.29 4.25 2.3 17 2.14

Lu 0.46 1.58 2.04 0.86 1.17 0.44 0.65 0.31 2.55 0.31

List of references for Figure 7-32.
Hart et al. (1989a, b), Asfaw et al. (1991), Deniel et al. (1994), Stewart and Rogers (1996), 

Yemane et al. (1999), George and Rogers (2002), Ayalew and Yirgu (2003), Abebe et al. 

(2005), Rooney (2010), Natali et al. (2011), Rooney et al., 2013, Mège et al. (2016), Feyissa  

et al. (2017a, b), Melaku (2018), Roney et al. (2018), Ayalew et al. (2019), Feyissa et al. (2019), 

Nelson et al. (2019), Hiluf and Asrat (2021), Resom et al. (2021), Tamirat et al. (2021), Steiner 

et al. (2022), Buriánek ed. (2023), Girum et al. (2023), Verner, Megerssa, Buriánek eds. 

 (2023).

Table 1-1.  Continued.
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List of references for Figure 7-33.
El-Hinnawi (1964), Brown and Carmichael (1969), Gibson (1970), Di Paola (1972), Girsom 

(1972), Weaver et al. (1972), Brotzu et al. (1974, 1980, 1981), Zanettin (1978), Cerling et al.  

(1979), Mohr (1980), Martz and Brown (1981), Haileab (1988), Hart et al. (1989), Asfaw 

et al. (1991), WoldeGabriel et al. (1991), Brown et al. (1992), Hart et al. (1992), Gasparon 

et al. (1993), Deniel et al. (1994), Wolde and Widenfalk (1994), Boccaletti et al. (1995), 

Haileab (1995), Stewart and Rogers (1996), Teklemariam (1996), Teklemariam et al. (1996), 

Wolde (1996), Abebe et al. (1998a, b), Chernet and Hart (1999), George (1999), Trua et al. 

(1999), Yirgu et al. (1999), Barberio et al. (1999), Conticelli et al. (1999), deMenocal and 

Brown (1999), Yemane et al. (1999), Katoh et al. (2000), Ayalew et al. (2002), George and 

Rogers (2002), Ayalew and Yirgu (2003), Peccerillo et al. (2003), Haileab et al. (2004), Abebe  

et al. (2005a, b), McDougall et al. (2005), Rampey (2005), Rooney et al. (2005), Tommasini 

et al. (2005), WoldeGabriel et al. (2005), Ayalew et al. (2006), Furman et al. (2006a, b), 

Zanettin (2006), Rooney et al. (2007), Godebo (2008), Morgan and Renne (2008), Ayalew 

and Gibson (2009a, b), Beccaluva et al. (2009a, b), Hagos et al. (2010a, b), Ronga et al. (2010), 

Rooney (2010), Chapon et al. (2011), Natali et al. (2011), Shinjo et al. (2011), McDougall et al.  

(2012), Rooney et al. (2012a, b), Ferguson et al. (2013a, b), Rooney et al. (2013), Adhana 

(2014), Giordano et al. (2014), Rooney et al. (2014), Ayalew et al. (2016), Hutchison et al.  

(2016a–c), Katoh et al. (2016), Mège et al. (2016), Rapprich et al. (2016), Feyissa et al.  

(2017), Martin-Jones et al. (2017a, b), Fontijn et al. (2018), Fusillo (2018), Hutchison  

et al. (2018), McNamara et al. (2018), Melaku (2018), Resom et al. (2018), Roney et al. (2018), 

Siegburg et al. (2018), Ayalew et al. (2019), Boës et al. (2019), Corti et al. (2019), Di Rienzo 

(2019), Feyissa et al. (2019), Iddon et al. (2019), Nelson et al. (2019), Tadesse et al. (2019), 

Resom et al. (2021), Tamirat et al. (2021), Steiner et al. (2022), Vidal et al. (2022), Buriánek 

ed. (2023), Girum et al. (2023), Nigussie et al. (2023), Verner, Megerssa, Buriánek eds. (2023).

List of references for Figure 7-34.
Cheminee et al. (1970), Mohr (1971, 1972, 1980), Santarnecchi (1978), Hall et al. (1984), 

Walter et al. (1987), Hart et al. (1989), Asfaw et al. (1991), Deniel et al. (1994), Stewart and 

Rogers (1996), Lowenstern et al. (1997), Yemane et al. (1999), George and Rogers (2002), 

Ayalew and Yirgu (2003), Geraads et al. (2004), Abebe et al. (2005a, b), Simpson et al. 

(2008), Rooney (2010), Natali et al. (2011), Field et al. (2012), Rooney et al. (2013), Walkup  

(2013), WoldeGabriel et al. (2013), Mège et al. (2016), Feyissa et al. (2017), Martin-Jones  

et al. (2017a, b), Melaku (2018), Roney et al. (2018), Ayalew et al. (2019), Feyissa et al. (2019), 

Nelson et al. (2019), Tamirat et al. (2021), Resom et al. (2021), Steiner et al. (2022), Tortelli  

et al. (2022), Girum  et al. (2023), Buriánek ed. (2023), Verner, Megerssa, Buriánek eds. 
(2023).
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Table 2-1. Table of radiometric dating used in the Geological map of Ethiopia.

Index Lithology Age 
[Ma]

Variance 
[Ma] Method Northing Easting References

a1 basalt 38.3 1.5 K-Ar 5.777 37.300 Ebinger et al. (2000)

a2 trachytes/syenite 13.7 0.2 K-Ar 5.910 37.715 Ebinger et al. (2000)

a3 olivine basalt 35.1 0.6 K-Ar 6.032 37.395 Ebinger et al. (2000)

a4 olivine basalt 37.6 0.6 K-Ar 6.007 37.489 Ebinger et al. (2000)

a5 basalt 1.26 0.02 K-Ar 5.965 37.655 Feyissa et al. (2019)

a6 basalt 42.7 2 K-Ar 5.775 37.092 Davidson and Rex (1980)

a7 basalt 0.893 0.1 K-Ar 6.034 37.535 Verner et al. (2018a)

a8 trachyte 18.18 0.66 K-Ar 6.230 37.565 Verner et al. (2018a)

a9 basalt 27.29 0.91 K-Ar 6.127 37.629 Verner et al. (2018a)

a10 ignimbrite 0.461 0.046 K-Ar 6.795 38.382 Hroch et al. (2018)

a11 ignimbrite 28.25 0.78 K-Ar 6.316 38.342 Buriánek et al. (2018)

a12 ignimbrite 1.97 0.29 K-Ar 6.332 38.893 Verner et al. (2018b)

a13 ignimbrite 38.42 0.89 K-Ar 6.386 38.907 Verner et al. (2018b)

a14 ignimbrite 37.8 0.67 K-Ar 6.182 37.700 Verner et al. (2018b)

a15 rhyolite 2.49 0.1 K-Ar 6.917 38.375 WoldeGabriel et al. (1990)

a16 benmoreite 1.27 0.1 K-Ar 7.066 38.328 WoldeGabriel et al. (1990)

a17 tuff 1.1 0.1 K-Ar 7.083 38.652 WoldeGabriel et al. (1990)

a18 tuff 1.6 0.1 K-Ar 6.958 38.550 WoldeGabriel et al. (1990)

a19 mugearite 29.7 1.3 K-Ar 6.483 38.533 WoldeGabriel et al. (1990)

a20 tuff 35.5 0.6 K-Ar 5.902 38.192 Ebinger et al. (1993)

a21 tuff 37 0.6 K-Ar 6.013 38.195 Ebinger et al. (1993)

a22 basalt 32.4 1.6 K-Ar 8.346 38.506 WoldeGabriel et al. (1990)

a23 basalt 3.7 0.2 K-Ar 8.092 38.497 WoldeGabriel et al. (1990)

a24 tuff 2.59 0.1 K-Ar 8.025 38.300 WoldeGabriel et al. (1990)

a25 tuff 3.85 0.2 K-Ar 8.216 38.292 WoldeGabriel et al. (1990)

a26 rhyolite 9.98 0.5 K-Ar 8.367 38.400 WoldeGabriel et al. (1990)

a27 basalt 25.6 1.4 K-Ar 9.167 37.917 WoldeGabriel et al. (1990)

a28 rhyolite 1.3 0.1 K-Ar 7.941 38.659 WoldeGabriel et al. (1990)

a29 obsidian 0.04 0.01 K-Ar 7.817 38.758 WoldeGabriel et al. (1990)

a30 trachyte 0.83 0.1 K-Ar 7.667 38.883 WoldeGabriel et al. (1990)

a31 hawaiite 0.29 0.1 K-Ar 7.867 38.908 WoldeGabriel et al. (1990)

a32 trachybasalt 1.74 0.1 K-Ar 7.917 39.183 WoldeGabriel et al. (1990)

a33 basalt 1.88 0.1 K-Ar 7.525 39.300 WoldeGabriel et al. (1990)



352

A Synopsis of the Regional Geology and Hydrogeology of Ethiopia

Index Lithology Age 
[Ma]

Variance 
[Ma] Method Northing Easting References

a34 mugearite 2.56 0.1 K-Ar 7.400 39.483 WoldeGabriel et al. (1990)

a35 trachyte 2.7 0.1 K-Ar 7.400 39.217 WoldeGabriel et al. (1990)

a36 phonolite 12.1 0.6 K-Ar 7.517 39.017 WoldeGabriel et al. (1990)

a37 phonolite 11.6 0.6 K-Ar 6.917 37.625 WoldeGabriel et al. (1990)

a38 tuff 0.38 0 K-Ar 7.733 39.083 WoldeGabriel et al. (1990)

a39 basalt 2.82 0.2 K-Ar 7.244 39.467 WoldeGabriel et al. (1990)

a40 feldspar 4.2 0.2 K-Ar 7.367 37.775 WoldeGabriel et al. (1990)

a41 trachyte 2.94 0.1 K-Ar 7.942 37.742 WoldeGabriel et al. (1990)

a42 feldspar 0.21 0.01 K-Ar 7.267 38.067 WoldeGabriel et al. (1990)

a43 obsidian 0.02 0.01 K-Ar 7.179 38.483 WoldeGabriel et al. (1990)

a44 acid ash layer 29.1 0.4 K-Ar 13.211 37.981 Coulié et al. (2003)

a45 fine tuff 23.43 0.24 Ar-Ar 10.204 39.041 Coulié et al. (2003)

a46 basalt 3.222 0.054 K-Ar 10.535 40.709 Lahitte et al. (2003)

a47 basalt 1.93 0.07 K-Ar 11.908 41.782 Lahitte et al. (2003)

a48 basalt 1.557 0.085 K-Ar 12.188 41.815 Lahitte et al. (2003)

a49 basalt 1.352 0.021 K-Ar 12.167 41.883 Lahitte et al. (2003)

a50 basalt 0.556 0.007 K-Ar 11.582 41.473 Lahitte et al. (2003)

a51 basalt 0.332 0.014 K-Ar 12.184 42.072 Lahitte et al. (2003)

a52 basalt 0.29 0.004 K-Ar 12.389 40.329 Lahitte et al. (2003)

a53 basalt 0.219 0.052 K-Ar 11.853 40.873 Lahitte et al. (2003)

a54 basalt 0.124 0.024 K-Ar 11.815 41.020 Lahitte et al. (2003)

a55 basalt 0.102 0.035 K-Ar 12.048 40.948 Lahitte et al. (2003)

a56 basalt 0.036 0.032 K-Ar 11.920 41.207 Lahitte et al. (2003)

a57 basalt 0.09 0.028 K-Ar 11.740 41.470 Lahitte et al. (2003)

a58 basalt 0.606 0.029 K-Ar 12.430 42.258 Lahitte et al. (2003)

a59 basalt 0.552 0.022 K-Ar 12.451 42.189 Lahitte et al. (2003)

a60 basalt 0.447 0.06 K-Ar 12.562 42.254 Lahitte et al. (2003)

a61 basalt 0.221 0.038 K-Ar 12.631 42.264 Lahitte et al. (2003)

a62 basalt 0.031 0.012 K-Ar 12.357 42.152 Lahitte et al. (2003)

a63 basalt 0.624 0.011 K-Ar 12.704 41.144 Lahitte et al. (2003)

a64 basalt 0.522 0.006 K-Ar 12.476 41.157 Lahitte et al. (2003)

a65 basalt 0.072 0.054 K-Ar 12.785 41.125 Lahitte et al. (2003)

a66 basalt 0.285 0.023 K-Ar 12.444 42.358 Lahitte et al. (2003)

a67 basalt 0.731 0.056 K-Ar 9.978 40.549 Lahitte et al. (2003)

a68 rhyolite 2.01 0.088 K-Ar 11.839 39.739 Lahitte et al. (2003)
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a69 rhyolite 29 0 K-Ar 11.326 39.751 Ayalew et al. (2019)

a70 basalt 1.65 0.02 K-Ar 12.157 39.970 Stab et al. (2016)

a71 basalt 4.47 0.11 K-Ar 12.133 40.382 Stab et al. (2016)

a72 basalt 5.39 0.28 K-Ar 12.029 40.276 Stab et al. (2016)

a73 basalt 3.97 0.1 K-Ar 12.026 40.174 Stab et al. (2016)

a74 basalt 22.9 0.3 K-Ar 11.450 39.892 Stab et al. (2016)

a75 basalt 24.4 0.3 K-Ar 11.077 39.520 Stab et al. (2016)

a76 basalt 27.2 0.7 K-Ar 12.767 39.517 Feyissa et al. (2019)

a77 basalt 27.7 0.7 K-Ar 12.867 39.567 Feyissa et al. (2019)

a78 basalt 25.8 0.8 K-Ar 12.833 39.567 Feyissa et al. (2019)

a79 basalt 21.1 0.4 K-Ar 12.867 39.500 Feyissa et al. (2019)

a80 basalt 11 0.1 K-Ar 5.007 37.764 Feyissa et al. (2019)

a81 basalt 11.3 0.2 K-Ar 5.716 37.716 Feyissa et al. (2019)

a82 basalt 16.4 0.3 K-Ar 5.842 37.901 Feyissa et al. (2019)

a83 basalt 12.2 0.3 K-Ar 5.633 37.624 Feyissa et al. (2019)

a84 basalt 0.2 0.01 K-Ar 9.149 37.954 Feyissa et al. (2019)

a85 basalt 0.24 0.02 K-Ar 9.139 39.937 Feyissa et al. (2019)

a86 basalt 4.2 0.16 K-Ar 9.941 40.073 Feyissa et al. (2019)

a87 basalt 4.95 0.28 K-Ar 9.041 40.392 Feyissa et al. (2019)

a88 basalt 14.7 0.5 K-Ar 9.839 39.848 Feyissa et al. (2019)

a89 basalt 1.18 0.08 K-Ar 12.341 41.166 Feyissa et al. (2019)

a90 basalt 1.32 0.06 K-Ar 11.978 41.307 Feyissa et al. (2019)

a91 basalt 1.66 0.09 K-Ar 11.891 41.634 Feyissa et al. (2019)

a92 basalt 2.95 0.15 K-Ar 11.425 40.640 Feyissa et al. (2019)

a93 basalt 4.5 0.19 K-Ar 10.726 40.683 Feyissa et al. (2019)

a94 basalt 0.79 0.16 K-Ar 11.632 41.409 Feyissa et al. (2019)

a95 basalt 24.1 0.4 K-Ar 9.426 41.654 Chernet et al. (1998)

a96 basalt 23.4 0.4 K-Ar 9.439 38.648 Chernet et al. (1998)

a97 hawaiite 10.6 0.2 K-Ar 9.364 39.323 Chernet et al. (1998)

a98 basalt 10.4 0.2 K-Ar 9.284 39.523 Chernet et al. (1998)

a99 basalt 6.8 0.2 K-Ar 9.175 39.752 Chernet et al. (1998)

a100 basalt 4.68 0.1 K-Ar 9.743 41.861 Chernet et al. (1998)

a101 trachyte 6.85 0.1 K-Ar 8.824 40.218 Chernet et al. (1998)

a102 trachyte 5.14 0.08 K-Ar 9.225 40.654 Chernet et al. (1998)

a103 basalt 6.63 0.1 K-Ar 9.059 38.557 Chernet et al. (1998)
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a104 picro-basalt 2.03 0.04 K-Ar 8.880 38.664 Chernet et al. (1998)

a105 trachyte 4.02 0.06 K-Ar 8.961 38.552 Chernet et al. (1998)

a106 basanite 0.88 0.02 K-Ar 8.918 38.548 Chernet et al. (1998)

a107 obsidian 4.37 0.07 K-Ar 8.754 38.639 Chernet et al. (1998)

a108 benmoreite 5.03 0.08 K-Ar 8.996 38.711 Chernet et al. (1998)

a109 basalt 1.44 0.03 K-Ar 8.536 39.304 Chernet et al. (1998)

a110 hawaiite 0.83 0.02 K-Ar 9.714 40.441 Chernet et al. (1998)

a111 trachyte 0.59 0.04 Ar-Ar 8.742 39.485 Chernet et al. (1998)

a112 trachyte 30.92 0.11 Ar-Ar 11.193 40.025 Ukstins et al. (2002)

a113 ignimbrite 29.34 0.12 Ar-Ar 11.092 39.766 Ukstins et al. (2002)

a114 basalt 29.34 0.15 Ar-Ar 11.270 39.507 Ukstins et al. (2002)

a115 ignimbrite 19.76 0.07 Ar-Ar 9.967 39.918 Ukstins et al. (2002)

a116 ignimbrite 11.73 0.05 Ar-Ar 9.558 39.761 Ukstins et al. (2002)

a117 ignimbrite 11.59 0.06 Ar-Ar 9.646 39.580 Ukstins et al. (2002)

a118 ignimbrite 3.19 0.04 Ar-Ar 9.023 39.559 Ukstins et al. (2002)

a119 basalt 27.36 0.4 K-Ar 12.445 37.783 Lhuillier and Gilder (2019)

a120 basalt 29.57 0.44 K-Ar 12.442 37.661 Lhuillier and Gilder (2019)

a121 rhyolite 15.45 0.23 K-Ar 9.942 39.728 Lhuillier and Gilder (2019)

a122
basaltic 
trachyandesite

10.4 0.16 K-Ar 9.843 39.742 Lhuillier and Gilder (2019)

a123 basanite 1.3 0.08 K-Ar 4.048 38.296 Shinjo et al. (2011)

a124 basanite 0.58 0.06 K-Ar 4.250 38.372 Shinjo et al. (2011)

a125 basanite 1.94 0.11 K-Ar 4.183 38.222 Shinjo et al. (2011)

a126 basanite 0.29 0.12 K-Ar 4.117 37.700 Shinjo et al. (2011)

a127 basanite 0.87 0.09 K-Ar 4.333 37.805 Shinjo et al. (2011)

a128 tholeiitic basalt 4.22 0.15 K-Ar 4.433 37.875 Shinjo et al. (2011)

a129 tholeiitic basalt 3.62 0.35 K-Ar 4.550 37.783 Shinjo et al. (2011)

a130 tholeiitic basalt 4.11 0.36 K-Ar 4.767 37.750 Shinjo et al. (2011)

a131 tholeiitic basalt 4.68 0.2 K-Ar 4.983 37.900 Shinjo et al. (2011)

a132 alkali basalt 10.59 0.3 K-Ar 5.000 37.567 Shinjo et al. (2011)

a133 alkali basalt 12.27 0.32 K-Ar 4.933 37.546 Shinjo et al. (2011)

a134 basalt 10.35 0.48 K-Ar 8.267 36.613 Bonini et al. (2005)

a135 basalt 11.54 0.76 K-Ar 8.233 34.571 Bonini et al. (2005)

a136 basalt 0.85 0.02 K-Ar 12.096 41.982 Kidane et al. (2003)

a137 basalt 0.97 0.15 K-Ar 12.022 41.133 Kidane et al. (2003)
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a138 basalt 1.03 0.05 K-Ar 11.525 41.261 Kidane et al. (2003)

a139 basalt 1.09 0.07 K-Ar 12.223 41.179 Kidane et al. (2003)

a140 basalt 1.36 0.11 K-Ar 12.042 41.436 Kidane et al. (2003)

a141 basalt 1.57 0.05 K-Ar 11.413 41.356 Kidane et al. (2003)

a142 basalt 2.05 0.08 K-Ar 11.925 41.469 Kidane et al. (2003)

a143 basalt 2.08 0.08 K-Ar 11.624 40.939 Kidane et al. (2003)

a144 basalt 2.71 0.09 K-Ar 11.496 40.799 Kidane et al. (2003)

a145 basalt 3.27 0.06 K-Ar 11.125 40.800 Lahitte (2000)

a146 lapilli tuff 31.108 0 Ar-Ar 11.855 36.919 Prave et al. (2016)

a147 rhyolite 30.844 0 Ar-Ar 12.110 37.665 Prave et al. (2016)

a148 basalt 34.05 0 Ar-Ar 11.473 37.623 Prave et al. (2016)

a149 basalt 28.9 0 Ar-Ar 12.513 37.006 Prave et al. (2016)

a150 basalt 23.75 0 Ar-Ar 11.864 37.000 Prave et al. (2016)

a151 basalt 0.033 0 Ar-Ar 11.603 37.430 Prave et al. (2016)

a152 basalt 0.013 0.0083 Ar-Ar 8.608 39.475 Siegburg et al. (2018)

a153 trachyteandesite 0.029 0.0081 Ar-Ar 8.579 39.599 Siegburg et al. (2018)

a154 rhyolite 16.9 0.78 K-Ar 6.917 37.486
WoldeGabriel 

and Aronson (1987b)

a155 basalt 7.2 1.1 K-Ar 8.117 35.900 Berhe et al. (1987)

a156 basalt 9.6 1.9 K-Ar 8.222 35.800 Berhe et al. (1987)

a157 trachyte 9.8 1.6 K-Ar 8.575 34.808 Berhe et al. (1987)

a158 basalt 9.1 1.4 K-Ar 8.683 34.800 Berhe et al. (1987)

a159 basalt 10.1 2 K-Ar 8.939 34.542 Berhe et al. (1987)

a160 basalt 10.5 2.1 K-Ar 8.958 35.053 Berhe et al. (1987)

a161 basalt 11.2 2.2 K-Ar 9.783 34.850 Berhe et al. (1987)

a162 basalt 5.3 1 K-Ar 6.800 39.767 Berhe et al. (1987)

a163 basalt 23.5 4.5 K-Ar 6.200 39.833 Berhe et al. (1987)

a164 basalt 22 3.5 K-Ar 6.667 39.733 Berhe et al. (1987)

a165 basalt 30 4.5 K-Ar 6.217 39.283 Berhe et al. (1987)

a166 basalt 3.749 0.03 Ar-Ar 4.301 37.506 Corti et al. (2019)

a167 basalt 0.324 0.012 Ar-Ar 4.152 37.469 Franceschini et al. (2020)

a168 basalt 0.116 0.005 Ar-Ar 3.930 38.228 Franceschini et al. (2020)

a169 rhyolite 5.06 0.16 K-Ar 9.750 41.567 Berhe (1986)

a170 basalt 7.4 0.2 K-Ar 9.558 41.283 Berhe (1986)

a171 basalt 13.3 0.4 K-Ar 9.208 41.808 Berhe (1986)
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a172 porhyritic basalt 39.8 0.6 K-Ar 5.988 38.515 Ebinger et al. (1993)

a173 tholeiitic basalt 42.5 0.7 K-Ar 5.686 37.842 Ebinger et al. (1993)

a174 pumice clasts in tuff 0.11 0.0044 Ar-Ar 5.400 35.928 McDougall et al. (2005)

a175 tuff 3.175 0.012 Ar-Ar 11.134 40.577 Walter (1994)

a176 basalt 5.6 0.32 K-Ar 8.876 40.093
WoldeGabriel (1987a), 

rep. by Kidane et al. (2010)

a177 basaltic lava flow 9.61 0.42 K-Ar 8.123 38.280 Abebe et al. (2005b)

a178 basaltic lava flow 8.39 0.64 K-Ar 8.305 38.579 Abebe et al. (2005b)

a179
shallow basaltic 
intrusion

22.55 0.89 Ar-Ar 9.363 42.706 Mège et al. (2016)

a180 basaltic flow 26.56 0.45 Ar-Ar 6.364 45.932 Mège et al. (2016)

a181 basaltic flow 25.44 0.73 Ar-Ar 6.410 45.634 Mège et al. (2016)

a182 basaltic flow 28.09 0.81 Ar-Ar 5.539 44.594 Mège et al. (2016)

a183 basaltic flow 7.46 0.47 Ar-Ar 6.019 43.366 Mège et al. (2016)

a184
analcime basalt 
flow

49.4 1.9 K-Ar 6.523 34.960 Davidson and Rex (1980)

a185 flood basalt 40.4 2 K-Ar 5.526 37.117 Davidson and Rex (1980)

a186 flood basalt 40.1 1.2 K-Ar 5.826 35.538 Davidson and Rex (1980)

a187 flood basalt 39 1.5 K-Ar 6.276 34.999 Davidson and Rex (1980)

a188 vitroporphyre flow 32.7 1.3 K-Ar 6.356 35.819 Davidson and Rex (1980)

a189 basalt flow 28.8 1.1 K-Ar 7.746 34.602 Davidson and Rex (1980)

a190 basalt flow 34.8 1.3 K-Ar 7.584 34.600 Davidson and Rex (1980)

a191 basalt flow 30.5 1.2 K-Ar 7.527 34.388 Davidson and Rex (1980)

a192 basalt flow 31.1 1.2 K-Ar 7.693 35.343 Davidson and Rex (1980)

a193 basalt flow 31.5 1 K-Ar 7.727 35.098 Davidson and Rex (1980)

a194 basalt flow 32.8 1.2 K-Ar 6.650 35.091 Davidson and Rex (1980)

a195 basalt flow 21 0.8 K-Ar 5.170 37.200 Davidson and Rex (1980)

a196 basalt flow 19.4 0.6 K-Ar 5.834 35.268 Davidson and Rex (1980)

a197
phonolite 
intrusion

12.7 1 K-Ar 5.591 36.995 Davidson and Rex (1980)

a198 basalt flow 4.2 0.4 K-Ar 4.769 36.449 Davidson and Rex (1980)

a199 basalt 4.5 0.15 K-Ar 8.587 39.123 Abebe et al. (1998b)

a200 trachyte 7.54 0.23 K-Ar 8.784 37.471 Abebe et al. (1998b)

a201 trachyte 7.64 0.23 K-Ar 8.714 37.678 Abebe et al. (1998b)

a202 basanite 24.7 1 K-Ar 8.997 37.327 Abebe et al. (1998b)

a203 trachyte 25.3 0.8 K-Ar 8.852 37.179 Abebe et al. (1998b)

a204 basalt 27.5 0.8 K-Ar 9.102 36.571 Abebe et al. (1998b)
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a205 basalt 35 1 K-Ar 8.750 36.494 Abebe et al. (1998b)

a206 tuff 2.27 0.14 Ar-Ar 11.101 40.505 Quade et al. (2004)

a207 tuff 0.091 15 Ar-Ar 5.100 35.884 Jicha and Brown (2014)

a208 obsidian 4.53 0.23 Ar-Ar 9.757 41.652 WoldeGabriel et al. ( 1992)

a209 obsidian 5.23 0.24 Ar-Ar 9.279 40.602 WoldeGabriel et al. ( 1992)

a210 tuff (ignimbrite) 3.35 0.15 Ar-Ar 7.582 38.896 WoldeGabriel et al. ( 1992)

a211 tuff (ignimbrite) 3.6 0.2 Ar-Ar 8.177 38.071 WoldeGabriel et al. ( 1992)

a212  – 1.2 0.8 K-Ar 12.840 41.271
Brinckmann and Kürsten 

(1971)

a213  – 6.98 0.35 K-Ar 14.159 40.801
Brinckmann and Kürsten 

(1971)

a214  – 19.6 0.9 K-Ar 13.735 41.070
Brinckmann and Kürsten 

(1971)

a215 basalt 24.59 0.13 Ar-Ar 10.030 39.852 Wolfenden et al. (2005)

a216 basalt 15.9 0.5 Ar-Ar 10.667 40.051 Wolfenden et al. (2005)

a217
basalt 
(intermediate)

25.9 0.16 Ar-Ar 10.493 39.844 Wolfenden et al. (2005)

a218 rhyolite 26.47 0.15 Ar-Ar 10.338 39.820 Wolfenden et al. (2005)

a219 ignimbrite 24.8 0.13 Ar-Ar 10.289 40.001 Wolfenden et al. (2005)

a220 hawaiite 0.62 0.06 K-Ar 12.233 41.360 Barberi et al. (1972a)

a221 basalt 1.4 0.07 K-Ar 12.344 40.963 Barberi et al. (1972a)

a222 basalt 1.6 0.05 K-Ar 11.288 41.266 Barberi et al. (1972a)

a223 comendite 3 0.1 K-Ar 11.235 41.114 Barberi et al. (1972a)

a224 basalt 2.1 0.1 K-Ar 11.962 41.862 Barberi et al. (1972a)

a225 hawaiite 2.3 0.1 K-Ar 10.816 41.068 Barberi et al. (1972a)

a226 basalt 2.4 0.2 K-Ar 10.886 41.721 Barberi et al. (1972a)

a227 basalt 3.2 0.1 K-Ar 10.824 41.452 Barberi et al. (1972a)

a228 basalt 3.1 0.3 K-Ar 13.043 40.942 Barberi et al. (1972a)

a229 basalt 0.6 0 K-Ar 13.029 40.840 Barberi et al. (1972a)

a230 basalt 0.12 0.05 K-Ar 12.919 40.208 Barberi et al. (1972a)

a231 basalt 3.3 0.1 K-Ar 11.574 41.680 Barberi et al. (1972a)

a232 hawaiite 4.3 0.2 K-Ar 10.827 42.034 Barberi et al. (1972a)

a233 basalt 6.6 0.2 K-Ar 11.276 40.157 Barberi et al. (1972a)

a234 basalt 7.1 0.3 K-Ar 10.357 41.037 Barberi et al. (1972a)

a235  – 0.35 0.14 K-Ar 13.842 40.413 Barberi et al. (1975b)

a236  – 1.2 0.5 K-Ar 13.735 40.434 Barberi et al. (1975b)

a237  – 2.3 0.2 K-Ar 12.149 41.340 Barberi et al. (1975b)
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a238  – 0.37 0.04 K-Ar 12.439 41.066 Barberi et al. (1975b)

a239  – 25 0.9 K-Ar 12.524 40.780 Barberi et al. (1975b)

a240  – 0.55 0.05 K-Ar 13.030 40.188 Barberi et al. (1975b)

a241  – 3.35 0 K-Ar 10.072 42.119 Black et al. (1975)

a242  – 11.5 0 K-Ar 10.401 42.677 Black et al. (1975)

a243  – 19.7 0 K-Ar 10.907 42.776 Black et al. (1975)

a244  – 25.5 0 K-Ar 10.985 42.799 Black et al. (1975)

a245  – 15.3 0 K-Ar 11.043 42.609 Black et al. (1975)

a246  – 6.3 0 K-Ar 10.634 42.441 Black et al. (1975)

a247  – 7.5 0 K-Ar 10.616 42.671 Black et al. (1975)

a248 basalt 0.04 0.12 K-Ar 9.008 40.283 Kunz et al. (1975)

a249 basalt 11.05 0.25 K-Ar 9.000 40.798 Kunz et al. (1975)

a250 basalt 14.4 0.4 K-Ar 9.053 40.907 Kunz et al. (1975)

a251 basalt 22.2 0.6 K-Ar 8.953 40.833 Kunz et al. (1975)

a252 basalt 0.59 0.35 K-Ar 9.737 40.583 Kunz et al. (1975)

a253 basalt 3.5 0.6 K-Ar 11.356 40.675 Kunz et al. (1975)

a254 basalt 6.1 1.8 K-Ar 8.983 40.200 Kunz et al. (1975)

a255 basalt 5 0.15 K-Ar 9.174 40.590 Kunz et al. (1975)

a256 basalt 3.5 0.2 K-Ar 7.817 39.360 Kunz et al. (1975)

a257 basalt 9.5 0.3 K-Ar 8.933 40.367 Kunz et al. (1975)

a258 basalt 2.52 0.12 K-Ar 7.800 39.500 Kunz et al. (1975)

a259 basalt 13.6 0.35 K-Ar 8.817 40.421 Kunz et al. (1975)

a260 basalt 13.2 0.5 K-Ar 9.144 40.804 Kunz et al. (1975)

a261 basalt 22.5 0.7 K-Ar 9.267 41.117 Kunz et al. (1975)

a262 basalt 17.7 0.6 K-Ar 8.864 40.647 Kunz et al. (1975)

a263 basalt 12.3 0.7 K-Ar 8.821 40.554 Kunz et al. (1975)

a264 basalt lava 0.03 0.0054 Ar-Ar 12.395 40.589 Ferguson et al. (2013a)

a265  – 3.45 0.07 K-Ar 11.257 40.350 Coulié (2001)

a266  – 29.2 0.4 K-Ar 12.197 39.720 Coulié (2001)

a267  – 5.45 0.08 K-Ar 12.198 39.803 Coulié (2001)

a268  – 25.4 0.4 K-Ar 12.191 40.228 Coulié (2001)

a269  – 3.93 0.06 K-Ar 12.104 40.187 Coulié (2001)

a270 basalt 1.42 0.03 K-Ar 9.896 42.340 Audin et al. (2004)

a271 basalt 4.77 0.08 K-Ar 10.827 42.660 Audin et al. (2004)

a272 basalt 7.69 0.13 K-Ar 10.728 42.637 Audin et al. (2004)
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a273 basalt 0.893 0.06 K-Ar 12.091 42.154 Manighetti et al. (1998)

a274 sediments 0.16 0.01 Ar-Ar 10.791 40.421 Niespolo et al. (2021)

a275 basalt lava flow 31.18 0.28 Ar-Ar 12.127 39.412 Eid et al. (2021)

a276 basalt 1.3 0.3 K-Ar 12.450 42.040 Civetta et al. (1975)

a277  – 0.5 0 K-Ar 12.260 42.257 Civetta et al. (1975)

a278 aphanitic basalt 22.8 1.5 K-Ar 9.267 38.741 Morton et al. (1979)

a279 porhyritic trachyte 22 0.8 K-Ar 9.120 38.771 Morton et al. (1979)

a280 basalt 6.6 0.5 K-Ar 9.036 38.867 Morton et al. (1979)

a281 welded tuff 3.26 0.1 K-Ar 8.981 38.895 Morton et al. (1979)

a282 rhyolite 3.3 0.4 K-Ar 8.869 38.964 Morton et al. (1979)

a283 porhyritic trachyte 0.85 0.05 K-Ar 8.548 38.855 Morton et al. (1979)

a284 welded tuff 1.71 0.04 K-Ar 8.536 39.205 Morton et al. (1979)

a285 welded tuff 0.85 0.07 K-Ar 8.396 39.178 Morton et al. (1979)

a286 olivine basalt 0.44 0.05 K-Ar 8.450 39.426 Morton et al. (1979)

a287 olivine trachyte 0.21 0.01 K-Ar 8.657 39.448 Morton et al. (1979)

a288
mudstone 
intercalated with 
sandstone

3.97 0.03 Ar-Ar 9.788 40.541 Hujer et al. (2015)

a289 tuff 3.77 0.04 Ar-Ar 11.546 40.487 Saylor et al. (2019)

a290 basalt 3 0.05 K-Ar 11.117 40.634 Aronson et al. (1977)

a291 tuff 2.584 0.034 Ar-Ar 11.394 40.869 Braun et al. (2019)

a292 basalt 19.9 1 K-Ar 9.556 39.861 Feyissa et al. (2017)

a293 basalt 4.99 0.2 K-Ar 9.756 40.031 Feyissa et al. (2017)

a294 basalt 0.25 0.02 K-Ar 9.573 40.287 Feyissa et al. (2017)

a295 basalt 2.95 0.11 K-Ar 9.973 40.193 Feyissa et al. (2017)

a296 rhyolite 0.23 0.02 K-Ar 9.372 40.068 Feyissa et al. (2017)

a297 rhyolite 0.93 0.05 K-Ar 8.999 40.063 Feyissa et al. (2017)

a298 rhyolite 10.7 0.19 K-Ar 8.850 40.317 Tiercelin et al. (1979)

a299 tuff 0.212 0.016 Ar-Ar 9.235 40.780 Benito-Calvo et al. (2014)

a300 pantellerite 0.0078 0.0043 Ar-Ar 12.640 40.460 Field et al. (2013)

a301  – 3.8 0.2 K-Ar 8.502 39.822 Morbidelli et al. (1975)

a302  – 3.6 0.1 K-Ar 8.474 39.595 Morbidelli et al. (1975)

a303  – 5.3 0.3 K-Ar 8.314 39.345 Morbidelli et al. (1975)

a304  – 1.9 0.1 K-Ar 8.273 39.405 Morbidelli et al. (1975)

a305  – 7.7 0.2 K-Ar 8.273 39.631 Morbidelli et al. (1975)

a306  – 2.4 0.2 K-Ar 8.381 39.833 Morbidelli et al. (1975)
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a307  – 4.3 0.4 K-Ar 8.305 39.943 Morbidelli et al. (1975)

a308  – 4.4 0.3 K-Ar 8.562 40.212 Morbidelli et al. (1975)

a309  – 12.6 0.2 K-Ar 8.644 40.309 Morbidelli et al. (1975)

a310  – 3.8 0.4 K-Ar 8.667 40.108 Morbidelli et al. (1975)

a311  – 6.5 0.2 K-Ar 8.746 40.054 Morbidelli et al. (1975)

a312  – 4.6 0.4 K-Ar 8.914 40.278 Morbidelli et al. (1975)

a313  – 22 1.1 K-Ar 8.375 40.019 Morbidelli et al. (1975)

a314 trachyte 22.4 0.3 Ar-Ar 10.708 37.846 Kieffer et al. (2004)

a315 trachyte 23.3 0.3 Ar-Ar 10.920 39.508 Kieffer et al. (2004)

a316 alkaline picrite 30.99 0.13 Ar-Ar 11.814 38.913 Kieffer et al. (2004)

a317 alkaline picrite 30.86 0.12 Ar-Ar 12.924 39.437 Kieffer et al. (2004)

a318 alkali basalt 10.76 0.05 Ar-Ar 11.789 38.270 Kieffer et al. (2004)

a319 tephra 2.931 0.017 Ar-Ar 11.293 40.715 DiMaggio et al. (2015)

a320 ignimbrite 0.646 0.01 K-Ar 8.020 39.163 Kidane et al. (2006)

a321 basalt 30.4 0.4 Ar-Ar 14.289 39.430 Hofmann et al. (1997)

a322 basalt 26.7 0.1 Ar-Ar 11.581 39.222 Hofmann et al. (1997)

a323 basalt 30.6 0.1 Ar-Ar 13.417 37.899 Hofmann et al. (1997)

a324 basalt 29.6 0.1 Ar-Ar 12.661 39.291 Hofmann et al. (1997)

a325  – 25 0 K-Ar 10.118 39.661 Mohr and Zanettin (1988)

a326 obsidian 0.395 0.008 Ar-Ar 8.863 39.717 Vogel et al. (2006)

a327 trachyte 1.86 0.1 K-Ar 9.013 39.916 Williams et al. (2004)

a328 welded tuff 1.51 0 K-Ar 9.018 39.995
Kazmin et al. (1980), rep.  
by Williams et al. (2004)

a329 tuff 3.8 0.01 Ar-Ar 10.120 40.322 WoldeGabriel et al. (2013)

a330 tuff 3.469 0.008 Ar-Ar 11.473 40.543 Haile-Selassie et al. (2015)

a331 tuff 5.73 0.63 Ar-Ar 10.965 40.218 Kleinsasser et al. (2008)

b1 quartz diorite 828 0 U-Pb 8.184 34.943 Ayalew et al. (1990)

b2 quartz diorite 632 8 Rb-Sr 8.156 34.918 Ayalew et al. (1990)

b3 granite 587 4 U-Pb 9.451 41.833 Yeshanew et al. (2017)

b4
foliated granite 
(syenogranite)

781.5 1.1 U-Pb 9.374 42.032 Yeshanew et al. (2017)

b5 granitic gneiss 792 5 U-Pb 9.479 41.914 Yeshanew et al. (2017)

b6 granite 542.3 11.9 Ar-Ar 14.328 38.801 Mock et al. (1999)

b7 metadiorite 736.6 12.8 Ar-Ar 14.343 38.810 Mock et al. (1999)

b8 red granite 663.7 14 Ar-Ar 14.267 39.097 Mock et al. (1999)

b9 lecuogranite 582 0 U-Pb 8.183 34.817 Ayalew et al. (1990)
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b10 granite 571 0 U-Pb 8.217 34.900 Ayalew et al. (1990)

b11 diorite gneiss 579  U-Pb 5.975 39.267 Yibas et al. (2002)

b12 granodiorite 847  U-Pb 5.254 39.515 Stern et al. (2012)

b13 granodiorite 665  U-Pb 5.041 39.467 Stern et al. (2012)

b14 granodiorite 855  U-Pb 4.931 39.452 Stern et al. (2012)

b15 syenite 630 4 U-Pb 5.372 37.248 Verner et al. (2021)

b16 granite 449  U-Pb 5.250 37.400 Asrat and Barbey (2003) 

b17 gneiss 782  U-Pb 9.120 41.132 Teklay et al. (1998)

b18 gabbro 700  U-Pb 9.064 35.552 Molnar (2019)

b19 gneiss 782 33 U-Pb 9.031 36.155 Blades et al. (2015)

b20 tonalite 841 8 U-Pb 9.156 35.622 Blades et al. (2015)

b21 granite 584 10 U-Pb 8.946 35.454 Blades et al. (2015)

b22 granitoid 730 2 U-Pb 9.678 36.663 Kebede et al. (2001)

b23 granitoid 698  Pb-Pb 9.043 35.953 Kebede et al. (2001)

b24 granitoid 622  Pb-Pb 9.035 35.598 Kebede et al. (2001)

b25 granodiorite 814 2 U-Pb 8.333 35.017 Ayalew et al. (1990)

b26 granite 541  U-Pb 8.400 35.033 Ayalew et al. (1990)

b27 diorite 866 20 U-Pb 10.634 36.306 Grenne et al. (2003)

b28 granitoid 651 5 U-Pb 10.551 35.979 Grenne et al. (2003)

b29 granodiorite 699 2 U-Pb 10.712 35.902 Grenne et al. (2003)

b30 meta-granitoid 980 3.9 U-Pb 9.928 35.754 Khan et al. (2024)

b31 granitoid 828 3.2 U-Pb 9.659 35.488 Khan et al. (2024)

b32 granitoid 757 30 Th-U-Pb 14.349 38.352 Tadesse et al. (2000)

b33 granitoid 806 21 Th-U-Pb 14.244 38.607 Tadesse et al. (2000)

b34 granite 559 22 Rb-Sr 14.208 38.305 Tadesse et al. (2000)

b35 sill 775 6.5 U-Pb-Th 13.946 39.618 Avigad et al. (2007)

b36 granite 612 5.7 U-Pb 13.908 38.889 Avigad et al. (2007)

b37 monzogranite 608 7 U-Pb 13.934 39.574 Asrat et al. (2004)

b38 monzodiorite 618 1.5 U-Pb 13.433 38.749 Megerssa et al. (2020)

b39 granite 606 2.6 U-Pb 14.137 38.109 Gebreyohannes (2014)

b40 granite 624 0.6 U-Pb 14.125 37.963 Gebreyohannes (2014)
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Table 2-2. Paleontological record.	

Index Fossil Age Formation Northing Easting Type References

c1 palynomorphs
Upper Pennsylvanian– 

lower Permian
Edaga 
Arbi

13.489 39.054
Paleontologically 
determined age

Bussert 
et al. (2007)

c2 palynomorphs
Lowermost Permian– 

Upper Triassic 
(Asselian–Norian)

Fincha 9.665 37.438
Paleontologically 
determined age

Dawit 
(2014)

c3 palynomorphs

Upper Triassic–Middle 
Jurassic 

(upper Carnian–lower 
Callovian)

Adigrat 13.804 39.581
Paleontologically 
determined age

Dawit 
(2010)

c4 palynomorphs

Upper Triassic–Middle 
Jurassic 

(upper Carnian–lower 
Callovian)

Adigrat 13.631 39.032
Paleontologically 
determined age

Dawit 
(2010)

c5 palynomorphs
Lower Jurassic 

(lower Toarcian)
Adigrat 13.167 39.234

Paleontologically 
determined age

Dawit 
(2010)

c6 foraminifers
Lower–Upper Jurassic 

(Pliensbachian–
Oxfordian)

Hamanlei 
(Antalo)

9.555 41.890
Paleontologically 
determined age

Bosellini 
et al. (2001)

c7 foraminifers
Middle–Upper Jurassic 
(Callovian–Oxfordian/

Kimmeridgian)
Antalo 13.742 39.677

Paleontologically 
determined age

Adefris 
et al. (2021)

c8 foraminifers
Middle–Upper Jurassic 
(Callovian–Oxfordian/

Kimmeridgian)
Antalo 13.580 39.520

Paleontologically 
determined age

Adefris 
et al. (2021)

c9 ammonites
Middle Jurassic 

(middle Callovian)
Antalo 10.128 38.168

Paleontologically 
determined age

Jain 
et al. (2020)

c10
calcareous 

nannoplankton

Middle–Upper Jurassic 
(lower Callovian–upper 

Tithonian)
Antalo 9.500 38.412

Paleontologically 
determined age

Jain 
and Singh 

(2019)

c11 mammals
Upper Oligocene 

(28–27 Ma)
Chilga 12.365 37.087

Paleontologically 
determined age

Sanders 
et al. (2004)

d1
Australopithecus 

afarensis
Pliocene–Pleistocene Hadar 11.178 40.603

Early hominid 
sites

Johanson 
(2017)

d2
Australopithecus 
afarensis, Homo

Pliocene–Pleistocene
Gafura, 
Seraitu

11.449 40.810
Early hominid 

sites
Alemseged 
et al. (2020)

d3

Australopithecus 
garhi, 

Homo erectus, 
Homo sapiens

Pliocene–Pleistocene Bouri 10.462 40.523
Early hominid 

sites
Asfaw 

et al. (1999)

d4 Homo sapiens Upper Pleistocene Kibish 5.418 35.891
Early hominid 

sites
Vidal 

et al. (2022)
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