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Songwe Hill Carbonatite 

Legend 

Google earth image shows the Songwe Hill area, Malawi. 

Mauze (nepheline syenite)  

The Songwe Hill carbonatite  
Chilwa Alkaline Province  
Late Jurassic/early Cretaceous. 

Study area 



Geological Map with drill hole collars and traces 
* Indicated mineral reserve of 13.2mt, grading 1.62%  at 1.5% TREO cut-off grade 
* Inferred mineral reserve of 18.6mt, grading 1.38 at 1% TREO cut-off grade. 





Aims of the study 
 

1. Perform chemical analyses to identify major, minor and rare earth elements in all 
samples 
 

2. Identify and quantify the mineralogy of carbonatite deposits liberation and 
association. 
 

3. Undertake selected laboratory mineral processing experiments to separate apatite 
and synchysite. Carbonatite rock 

Phosphate fertiliser Rare earth elements 
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Rare earth oxide concentrations in Songwe ore samples. 

Chemistry of the deposits 
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XRD profiles of all the crushed core Carbonatite samples.  
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X-ray diffraction profiles 
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SEM/EDS observations 



  

First stage separation at 3, 
6.3, 10.9 and 16.4 Amp. 

Second stage separation at 
3, 6.3, 10.9 and 16.4 Amp. 

Non-magnetic 

Magnetic Feed pulp 

Final magnetic Final Non-magnetic 

Schematic of two-stage separation on WHIMS completed at CSM 

Mineral processing tests 

Flow sheet test work was completed at Mintek in South Africa 



0

5

10

15

20

25

30

35

40

45

3 6.3 10.9 16.4

W
ei

gh
t r

ec
ov

er
y 

(g
) 

Magnetic field (Amps) 

Mag

Non-mag

Weight recovery of the separated fractions at various magnetic fields 

Wet high intensity magnetic separation results 



0.25

0.35

0.45

0.55

0.65

0.75

0.85

0.95

1.05

1.15

3 5 7 9 11 13 15 17

G
re

ad
e 

%
 

Magnetic fields (Amps) 

Magnetic products 
P2O5 BaO Sr Ce La

0.35

0.55

0.75

0.95

1.15

1.35

1.55

1.75

1.95

3 5 7 9 11 13 15 17

G
ra

de
 %

 

Magnetic fields (Amps) 

Non-magnetic products 
P2O5 BaO Sr Ce La

0

5

10

15

20

25

30

35

40

45

3 6 9 12 15 18

R
ec

ov
er

y 
%

 

Magnetic fields (Amps) 

Magnetic products 
P2O5 La Ce

50
55
60
65
70
75
80
85
90
95

100

3 6 9 12 15 18

R
ec

ov
er

y 
%

 

Magnetic fields (Amps) 

Non-magnetic products 
P2O5 La Ce

The grades and recovery of the P2O5, BaO, Sr, Ce and La in (A) the magnetic and (B) non-magnetic 
products as a function of magnetic field strength 

Wet high intensity magnetic separation results 



Conclusions 

 Ankerite and calcite are the main predominant gangue minerals. 

 The target ore minerals are apatite which hosts the phosphorous and HREE and 
synchysite-(Ce) which hosts the LREE. 

 All RE-minerals are associated with all gangue minerals (especially, ankerite and calcite) 
in different proportions.  

 the only finer grinds can be done to separate apatite and synchysite minerals successfully 
as they occurred as fine grains. 

 Good results obtained at 6.3 Amp with grade 1.94% and recovery 84% of P2O5 in the 
non-magnetic products -63 μm, but still 0.80% is reported  at magnetic product. 

 Further work is needed with very fine milled feed samples at P80 -38 μm at 6.3 Amp. 

 XRD is not qualified technique to identify the ore minerals in the current samples. 

 It seems that apatite is better to be recovered using WHIMS while synchysite needs more 
grinding to be more liberated and then separate it. 



Thanks for listening 
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