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After Button, 
1977

Palaeoenvironmental and palaeo-
tectonic setting of the Umkondo 
Group, eastern Zimbabwe
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Group 
Palaeocurrent
directions

NE to E off 
Zimbabwe Craton

Button (1977)



Umkondo Group marble, Moosgwe Farm roadcut



Umkondo Group marble



Ripple-marked 
quartzites

Umkondo Group



Rippled quartzite, Umkondo Group





Umkondo Group sandstones

Umkondo dolerite



Contact zone between Umkondo sedimentary rocks 
(top) and contaminated xenolithic Umkondo sill



Peperite consisting of xenoliths of hanging-wall 
semipelite country rock incorporated into dolerite sill.



Folded ductile soft-sediment xenolith which foundered 
from hanging-wall into dolerite sill



Close-up of chloritic semipelite xenolith in pink alkali-feldspar-rich 
contaminated dolerite, together with dark clots of tourmaline. Scale in mm 

and cm.



Normal 
Umkondo
dolerite sill

Contaminated Umkondo
sill with granophyric 
texture



Fine-
grained 
Umkondo 
dolerite

Coarse-
grained 
granophyric 
Umkondo 
dolerite



Umkondo Group

New detrital zircon U-Pb geochronological results

(ICP-MS, at Stellenbosch and Wits Universities)



1. Basal Umkondo Conglomerate, Marange



Wetherill Concordia Plot for zircons from basal Umkondo
Marange Conglomerate



2. Basal Umkondo
conglomerate, 
Birchenough
Bridge, 
nonconformably
overlying massive 
Neoarchaean
granite of the c. 
2.6 Ga Chilimanzi
Suite



Wetherill Concordia plot for zircons from the basal 
Umkondo conglomerate at Birchenough Bridge



1. Basal Umkondo
conglomerate, 
Marange

2. Basal Umkondo
conglomerate, 
Birchenough Bridge

Mainly 2.6 Ga Chilimanzi granite basement source; 
a few c. 2 Ga zircons

Mainly 2.6 Ga Chilimanzi granite basement source; 
a few c. 2 Ga zircons



3. Granulestone (grit), basal Umkondo Beds near Birchenough Bridge



Mostly discordant zircons, 
defining a Discordia line with 
upper intercept age of c. 2.6 
Ga (Chilimani Suite 
basement granite age)

3. Granulestone (grit), 
from basal Umkondo
Beds, near 
Birchenough Bridge



Watson (1969)

Sandstone MTS4
From Mutsago Hill

(“Calcareous Series”)



4. Umkondo sandstone MTS4, Mutsago Hill



Detrital zircon with metamorphic rim, MTS4 sandstone

Cathodoluminescence 
(CL) image

SEM backscatter 
electron (BSE) image



Laser ablation 
spots on a 
single zircon 
grain, two on 
older zircon 
core, one on 
younger zircon 
metamorphic 
overgrowth rim

rim

core

core



Wetherill plot of zircons, Sandstone MTS4, Mutsago Hill



Sandstone MTS4 histogram of detrital zircon ages
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The metamorphic rims of zircons from MTS4 
sandstone give an age of 630-620 Ma. 

This is similar to a biotite K-Ar age of 615 ± 30 Ma 
recorded from gneiss at Nyapanani Hill, Nyanga
(Snelling et al., 1964).

It is also similar to the >632 Ma ages of the 
youngest detrital zircons in the Sijarira Group of 
western Zimbabwe (Master et al., 2020).

Early Pan-African metamorphism



Umkondo Large Igneous Province, ca. 1108-1110 Ma
(after Hanson et al., 2004)



Jacobs et al. 
(2003). Int. J. 
Earth Sci.





Dronning Maud Land



Queen Maud of 
Norway- 1869-1938

After whom 
Dronning Maud 
Land is named



West Dronning 
Maud Land 
(WDML), East 
Antarctica



SANAE IV BASE-
Vesleskarvet, Antarctica







nunatak



West Dronning 
Maud Land, 
West Antarctica

Grunehogna craton     
(c. 3 Ga)

Ahlmannryggen 
Group   (c. 1.13 Ga)



West Dronning 
Maud Land, 
West Antarctica

Grunehogna craton,    
ca. 3 Ga

Ahlmannryggen 
Group, Ritscherflya 
Supergroup

Maud Belt,           
ca. 1.14 Ga



Schematic section of geology of WDML, 
showing faulting From Krynaauw (1986), Ph.D. thesis, UNP



Geology of the Grunehogna and Kullen Areas, 
West Dronning Maud Land, Antarctica

From Krynauw (1986); modified after Aucamp (1972), Bredell (1976).

Ritscherflya 
Supergroup, 
Ahlmannryggen 
Group

1285 nunatak



Dyke (J) transgressed by Kullen Sill along plane E, 
near nunatak 1390, Kullen area, WDML, Antarctica.

From Krynauw (1986), Ph.D. thesis, UNP



Schematic block diagram of Grunehogna sill-sediment 
relationships in the 1285 nunatak, Grunehogna area, WDML, 
Antarctica. From Krynauw (1986), Ph.D. thesis, UNP



S-fold in Schumacherfjellet Formation along contact with Grunehogna 
sill, 1285 north face. Note person for scale (arrow). From Krynauw (1986), 
Ph.D. thesis, UNP



Contorted laminations in sedimentary xenolith from 
the Grunehogna Sill, 1285 nunatak, SE windscoop, 
WDML, Antarctica. From Krynauw (1986), Ph.D. thesis, UNP



Wispy laminations in granosediment, 1285 SE 
face, Grunehogna area, WDML, Antarctica

From Krynauw (1986), Ph.D. thesis, UNP



Grunehogna pegmatitic granophyre, 1390 N face, 
Grunehogna area, WDML, Antarctica.                       

The dark mineral is hornblende, white laths are albite, and brick-
red areas consist of granophyric intergrowths of quartz and K-

feldspar. From Krynauw (1986), Ph.D. thesis, UNP



Ahlmannryggen Gp, 
Ritscherflya Supergroup, 
WDML, Antarctica        
From Krynauw (1986), Ph.D. thesis, UNP

Umkondo Group, 
Zimbabwe



Granophyre, 
Borgmassivet Intrusions, 
WDML, Antarctica       
From Krynauw (1986), Ph.D. thesis, UNP

Granophyre,

Umkondo 
Sills, 
Zimbabwe



Comparisons of Ritscherflya Supergroup 
(Antarctica) and Umkondo Group 

(Zimbabwe).
Palaeomagnetism of Intrusions

Borgmassivet 
Intrusions, 
Ahlmannryggen 
Group

Umkondo sills 
and lavas

Jones et al. (2003), Tectonophysics,375, 247-260.



• Mafic sills in the Umkondo and 
Ahlmannryggen Groups show remarkable 
similarities in terms of age, composition, 
palaeomagnetism. This study demonstrates 
that they also share a common field 
characteristic, i.e., evidence for intrusion into 
unconsolidated wet sediments, with the 
formation of peperitic breccias, contaminated 
and metasomatised “granosediments”, and 
coarse-grained granophyres. 



• This field and petrographic evidence 
indicates that during the intrusion of 
Umkondo LIP, sediments in both the 
Umkondo Gp and Ritscherflya Sgp were 
still unconsolidated- hence their ages 
are similar and they may have been 
part of the same foreland basin 
system



Högfonna Formation
Ahlmannryggen Group

Ritscherflya Supergroup
West Dronning Maud Land

Antarctica

New detrital zircon U-Pb geochronological results

(ICP-MS, Wits University)





Sandstone, Högfonna Formation, Antarctica



Magmatic zircons with inclusions, Högfonna
Formation, Antarctica



Oscillatory zoning in magmatic zircons from Högfonna Fm, Antarctica
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(forebulge)

Högfonna Fm, Antarctica



After Macey et al., 2010)



After Macey et al., 2010)



A foreland basin system is 
defined as 

“an elongate region of potential sediment 
accommodation that forms on continental 
crust between a contractional orogenic 
belt and the adjacent craton, mainly in 
response to geodynamic processes 
related to subduction and the resulting 
peripheral or retroarc fold-thrust belt”
(DeCelles and Giles, 1996).



De Celles & Giles 1996

Foreland Basins





So where does the Frontier 
Group (including the 
Chimanimani Mountains) 
fit into this picture??



Chimanimani (Frontier Gp) quartzite, with Hm => age <2.3 Ga



Gairezi Schist, Frontier Group
Quartz-rich microlithon in muscovite-biotite schist



Superposition of foreland basin on a former 
passive margin

(Beaumont, Keel & Boutilier, 1982)





The Frontier Group 
(former passive 
margin) was thrust 
onto the Umkondo 
foreland basin during 
the Pan-African 
orogeny, which 
affected Dronning 
Maud Land.









Cross sections through the Umkondo Group and Chimanimani Mts







Late Pan-African thrusting, Chimanimani, c. 550 Ma (Snelling et al., 1964)



Jacobs, J. & Thomas, R.J. (2004)

Pan-African deformation in Chimanimani is part of the East Africa-Antarctic Orogen



Jacobs, J. & Thomas, R.J. (2004)

East Africa Antarctic 
Orogen in Southern 
Mozambique Belt, and 
in WDML, Antarctica, 
due to Pan-African 
collision of East 
Antarctica with Proto-
Kalahari Craton 
(including Grunehogna
Block), resulting in 
reactivation of structures 
in Maud Belt, and 
thrusting of the Frontier 
Group (Mozambique/ 
Zimbabwe border 
region) onto Umkondo
basin.



“Kuunga Orogen”



Goscombe et al. (2019)
Gondwana Research
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