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1. Regional Geological setting of  the Lofdal Alkaline 
Complex (LAC)  
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Lofdal 
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Frequency of Namibian carbonatite intrusions  

Lofdal 765 Ma 11/6/2014 5 
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3574  Samples used for 

data statistics 
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 2. Lofdal intrusions  

 Syenites  

 

 Phonolites 

 

 Breccia 

 Carbonatite plugs 

 

 dykes 

  

Silicate intrusive rocks 

associated with the 

carbonatites 

Carbonatites 



2.  Silicate intrusive rocks     

 associated with the 

 carbonatites: 
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 Fresh, undeformed and locally sheared 

 

 Associated with carbonatite 

 

 Altered at contacts with other rocks 

 

 medium grained  and porphyritic   

 

 Dominated by nepheline syenites 

 

 Pegmatic zones are local 

characteristics 

 

                                     Syenites 
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 Generally NE-strike and dipping  ± 600 SE 

 

 Closely associated with carbonatite  

 

 Cutting syenites and country rocks  

 

 Do not  intrude carbonatites 

 

 Fresh, undeformed 

 

 Fine-grained and porphyritic texture formed by 

feldspar and nepheline 

 

 

 

Phonolites 
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Breccia 
Preceded syenite but not carbonatites  

 

Polylithic breccia 
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Fragments from local  rocks  

 

Tabular to angular  shape   

 

 Carbonatite/syenite fragments 

 

 near contacts with these rocks 
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3. Carbonatites at Lofdal 

 
 Carbonatite plugs 

 

 dykes 
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Main Calciocarbonatite 

Plug  

  

 Trending NE 

 

 Cogenetic with the 

syenite 

 

 Coarse-grained 
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Main Calciocarbonatite plug   

 Sharp contact 

 

  locally a narrow rim of  fenite at contacts between the 

carbonatites and syenite plugs 
11/6/2014 17 



Hyperspectral Map of Lofdal: Carbonatite plugs circled 

Emanya Calciocarbonatite plug  
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Emanya Calciocarbonatite plug  

 Discovery guided by using hyperspectral mapping 

method 2008 

 

 NE – SW direction similar to the regional structures  

 

 Contacts are poorly exposed 

 

 Dominantly made up of  dark brown to reddish brown 

calciocarbonatite with varying degrees of  oxidation  
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Carbonatite Dykes 
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 Swarm of  thousands of   dykes stretching up to 30 km 
 

  Dominantly NE,  NNE and E/W striking 
 

  Parallel to and closely associated with phonolites  
 

 Crosscutting all of  the other rocks 
 

 Sharp contacts, locally with “leakage” into cracks and 
brecciated 
 

 Sizes ranging from few cm to < 0.5 m average width 
 

 Variable colours – grey, brown, red, yellow   
 

 Variably deformed and sheared 
 

 Unsystematic composition and variable  mineral 
distribution 

Carbonatite Dykes 

21 



Late grey carbonatite Highly oxidised ferruginous carbonatite 

Dolomite carbonatite 

Main carbonatite intrusion Grey carbonatite 

Hydrothermal carbonate 
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4. Geochemical classification of  the Lofdal 

carbonatites  
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Geochemical classification of  the Lofdal 

carbonatites (using of  MgO, CaO and 

(FeO+Fe2O3+MnO) 

1 

4.  of  the Lofdal Carbonatites 
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Mineral class Mineral Chemical formula 

Phosphates monazite-(Ce) 

xenotime-(Y) 

apatite 

(Ce, La, Th, Nd, Y)PO4 

YPO4 

CaPO4 

Carbonates 

  

ancylite-(Ce) 

synchysite -(Ce) 

parisite-(Ce) 

carbocernite, -(Ce) 

Ce, Sr, Ca)(CO3)(OH,H2O) 

Ca(Ce, La)(CO3)2F 

Ca(Ce, La)2(CO3)3F2 

 (Ca, Na)(Sr, Ce, Ba)(CO3)2 

Oxides  cerianite -(Ce) 

pyrochlore 

(Ce,ThO2    

(Na, REE, K,U)2 (Nb, Ta, Ti)2 (O,OH,F) 

Silicates allanite-(Ce) 

zircon 

{Ca, Ce}{Al 2Fe+2}(Si2O7)(SiO4)O(OH)   

 (Zr, REE) SiO4 

Halides fluorite  (Ca, REE) F (REE  observed under CL 

5. Mineralogy of  the Lofdal carbonatites  

Ca5(PO4)3F  (REE  observed under CL) 
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BSE indicating LREE-fluoro-carbonates from the main carbonatite plug 

synchysite/parisite (Ce)   

calcite   

calcite 

calcite   

aegerine 
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Coarse particles of  xenotime in calcite 

matrix primary crystallization 

Thorite/huttonite 

Zircon 

Xenotime (y) 
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Xenotime aggregate (sample 1579) 

 Fine-grained xenotime filling 

interstitial between grains (white 

dots) 

  Veinlets of   secondary origin 

magnetite 

Fe-rich calcite 
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Xen 

calc 

Late calcite 

magn 

Primary xenotimes show Yb negative anomaly 

Axenotime 
aggregates 

Xenotime 4 

Calcite 
Matrix 

Xenotime 5 

Xenotime 6 

LREE 
Association of 
xenotime and 
LREE-F-carb 

XENOTIME TYPOMORPHY 

11/6/2014 30 



6. Genesis of the Lofdal 

 carbonatites and their REE 

 mineralisation 

11/6/2014 31 



11/6/2014 32 

Schematic illustrations 
of thrusting and 
faulting developed in 
response to the strain 
developed during the 
rifting and extensional 
regime.  

Syenites and phonolites 
intrusion along regional 
fracture systems. 
Carbonatites plugs and 
dykes intrude 
accompanied by 
hydrothermal fluids 
utilising the same conduits 
of dilation fracture 
systems.  
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Release bend and or 
stepover feature formed 
along the sinistral strike slip 
zone, producing a duplex 
structure, allowing alkaline 
and carbonatite magmas 
passage through the two 
echelons left lateral strike 
slip fault into country rock.  

Syenites and carbonatites 
magma intruded into the 
hinge zone of the pull-apart 
basin. The carbonatite dykes 
are later REE mineralised by 
hydrothermal fluids– 
presumably car-bonatite-
derived 



Chemistry of  the carbonatite magma, 

and fluid evolution, are controlling 

factors  for HREE mineralisation 

Low temperature 

alteration and meteoric 

water influence 

δ18O-CO3 (‰ SMOW) vs  δ13C-CO3 (‰ PDB)  

 After Taylor et al. ( 1967) 

 initial carbonatite isotope composition  range 

from  δ180 (6.0 to 8.5%0) and δ13C (-5.1 to  -7.3%o) 11/6/2014 
Data analysed by BGR (2010) for the purpose 
of this  research work  34 
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Comparison with average calcio carbonatite by Woolley and Kempe 

(1989)  

 unusually low LREE: HREE ratio in  Lofdal carbonatite dykes 

 MREE and HREE very high for the Lofdal carbonatite dykes 

7. Comparison with Worldwide 

Calciocarbonatites and REE-rich deposits 
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 The overall conclusion are: 

 

 REE deposits are specific 

 

 

 REE distributions at Lofdal are 

variable 

Comparison of  Lofdal 

carbonatites with other known 

REE –RICH carbonatites 
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Mineralisation  at Lofdal 

 

 

• Lofdal is 1 to 3 times higher than the maximum values in 

the Le Bas data set and 2 to 8.9 Le Bas standard median 

values. 

• At Lofdal principal REE occur in minerals xenotime, 

thorite/hutonite, monazite, bastnaesite, parisite, allanite, 

calcite and apatite,  

• The REE-rich minerals are disseminated throughout the 

carbonatite dykes and fracture zones in the country rock 

but associated with carbonate materials 
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How to find another 

Lofdal ? 



• Structure controlled by the faulting and shearing process that 

 allow infiltration metasomatism type of fluid 

• Elements of   rifting and extensional regime.  

•  Chain of alkaline intrusions 

 

Structural criteria 

•    Radiometric 

•    Hyperspectral RS 

Geophysical criteria 
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Above all the source of fluids is most important  



8. Conclusion 

1. The LAC consist of  a swarm of  carbonatite dykes and plugs,  with spatially associated silicate 

intrusive rocks  

2. Carbonatites are classified as calciocarbonatites,  magnesiocarbonatites,  ferruginous 

carbonatites and dolomites and are grouped into eight (8) main groups according to their 

geochemistry 

3. Lofdal is unique in  HREE enrichment  hosted  by xenotime-(Y), thorite, zircon, apatite  and fluorite 

while LREE are hosted by pyrochlore, parisite-Ce), synchysite-(Ce) and monazite-(Ce)  

4. The δl8O and δ13C isotopic compositions indicate mantle source for the least altered carbonatites 

and crustal influence for the altered carbonatite dykes. Highly altered carbonatite dykes show 

influence by secondary processes involving meteoric water 

5. HREE mineralization at Lofdal is directly related to the emplacement of  the carbonatite and to a 

post-magmatic hydrothermal process  

6. The age of  intrusion  of  Lofdal is ± 765 
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Thank  you 
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