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1. Regional Geological setting of the Lofdal Alkaline
- Complex (LAC)

i 15E

J_"‘,.i




3I00s

XV0VE
1
. g
. . - ¢ Alkaline bodies
\ \ ' °
\‘ \\ ? Carbonatites
T Wy - Lo’ Linear features
\ P o, N ", gy T—
. \ ’,1\\ i P Boundary of Eastern Kaoko Zone (Damara Orogen
e (O \,” /\'I“J: 7 UK OF ROME Fa—0 )
A - == == Inferred .
~:”: :V”, ’I \\: R zmm“ boundary
. Major »
-———— " llv\ \ ' :\\ ....... Minor ustal weakness
NP )\ ' 2 zone of inferred crustal weakness
S N ——
- [R—— R . tmmeee
o caal?) Yol . ic lineament
e \‘, ":s. ------ Inferred zone of high diamond potential
\\ ,\ e Inferred zone of moderate di )
N i ' diamondi potential
. ' “ ' ;? Otysazu )
. ' Auas Mount
F ]
\\ P \‘ ' 23 Gibeon
e L ) 24  Gross Brukkaro
257 4 . 25 Sonsomm'
0";' s ‘ﬁ ’,‘ ” Am
.’.' '.\v-"' ’, ~ 27 '.3
g L .
¥ LA X
"'l P 29 Tsind
- T v S 30 Teufelskuppe
1 Name 3’ \ |‘." ."/’ " 1 S 3 Kaukausid
2 Kakumangua } 1 S A F o I 4 . 32  Koviesberg
3 Zebra Mountain dykes ’ ‘\“2.3 ,'.-( "' N B D:::nnm
; Epembe e 3:“ : ‘k’." i : 1 p M4 Pomona
Agate Mountan Sy Lo /s ’ " g 35 Dreyer Rucken
; 2*0'“,‘" { \ ,"*N‘S" ' rd 36 Chalecedon Tafelderg
aresis \ 27\ v r e ' P g 7
H Granaberg
Etaneno y 28e%.7°" s R 9 amais
:o Ondurakurume 323'.%,“ -‘~ N \\\ ,’ ,’ 40 ?m
Kalkfeld - - =
11 Osongome “w - Qe S (T 41 M2 .
12 Okenyenya 7 r B F Q W
:: g??'w \ \ “7"0‘ 4 \s“'*“.,‘ : ° LU 43 Grootpensedand & M
‘ _
5 D A e & ¥ V7 ity & SiSteam annkas Kwela
Y > .
we ¥/ 4 Qs ! I S
17 Messum St ¢ (9,5 1 Sremen
LN 5 1 ' ~’ ‘7 Haruchas
§ T )—i gy 48  Mickberg
49 Wehevrede 4
51  Bokidesbank



Frequency of Namibian carbonatite intrusions
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Geological Legend
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2. Lofdal intrusions

Silicate intrusive rocks
associated with the
carbonatites

Carbonatites
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2. Silicate intrusive rocks
associated with the
carbonatites:
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3. Carbonatites at Lofdal

= Carbonatite plugs

= dykes
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Emanya Calciocarbonatite plug
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Carbonatite Dykes

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



Highly oxidised ferruginous carbonatite g

rbonate N T S8

Hydrothermal ca .

. vl Y

’
- P A 7
3 " o , R = : -

s

Dolomite ¢
i M@ .




103 1

10°

La Ce

Sm Eu Gd

11/6/2014

100000

La Ce Pr Nd Sm Eu Gd T Dy Ho Er m Yb Lu Y
-#-Mesopotamia hydrothermal dyke -&Dolomite 4~Emanya Carbonatite Plug
-Main Carbonatite Plug -&-Dyke Type 1 -#-Dyke Type 2
Dyke Type 3 -+ Dyke Type 4 -4 Dyke Type § 23




la Ce Pr Nd Sm Eu Gd To Dy Y Ho Er Tm Yb Lu

-o-Mesopotamia hydrothermal dyke

- Main Carbonatite Plug
11/6/2014
Type 3 dyke




Geochemical classification of the Lofdal
carbonatites (using of MgO, CaO and

(FeO+Fe,O,+Mn0O)

Main intrusion and
late carbonatite dykes
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5. Mineralogy of the Lofdal carbonatites

Mineral class Mineral

Phosphates

Carbonates

Oxides

Silicates

Halides

ancylite-(Ce)

)

carbocernite, -(Ce)
cerianite -(Ce)
pyrochlore
allanite-(Ce)

zircon

fluorite

Chemical formula

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

YPO,

' Cag(PO,);F (REE observed under CL)
Ce, Sr, Ca)(CO;)(OH,H,0)

Ca(Ce, La)(CO;),F

Ca(Ce, La),(CO,),F,

(Ca, Na)(Sr, Ce, Ba)(CO,),

(Ce,ThO,

(Na, REE, K,U), (Nb, Ta, Ti), (O,0OH,F)
{Ca, Ce}{Al ,Fe*?}(Si,0,)(Si0,)O(OH)
(Zr, REE) SiO,

(Ca, REE) F (REE observed under CL.



BSE indicating LREE-fluoro-carbonates from the main carbonatite plug
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Lofdal xenotime |

zircom

%

BSI

1 00000

100000

L0000

1 000

Chondrite normalised

Lofdal xenotime 3

xenotime-(Y)
/ calcite /\
Fe-ox apatite

rutile 4

I'h-silicate

Variation but no systematic change in

composition of Lofdal xenotime- (Y)
(EPMA and LA-ICP-MS)

Sm Eu Gd Th Dy Ho Er Tm

AANCLAINILIIIINTY 2

-

dolomite

Lofdal xenotime 4

AenqQtime 4

Calcite
Matrix

|

Association of
ipieand






sw Schematic illustrations
f thrusting and
faulting developed in
response to the strain
developed during the
rifting and extensional
regime.
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Strike slip fault

sW Release bend and or
| stepover feature formed
along the sinistral strike slip
zone, producing a duplex
y structure, allowing alkaline
{_; and carbonatite magmas
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i/ e echelons left lateral strike
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5§180-CO, (%o SMOW) vs §'3C-CO, (%o PDB)
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Chemistry of the carbonatite magma,
and fluid evolution, are controlling
factors for HREE mineralisation

Data analysed by BGR (2010) for the purpose
of this research work
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After Taylor et al. ( 1967)
initial carbonatite isotope composition range
from 3130 (6.0 to 8.5%,) and 3'3C (-5.1 to -7.3%,)
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7. Comparison with Worldwide
Calciocarbonatites and REE-rich deposits

av Ca-Carb

Av Ca-carb Min-max |and Zero) ave Min-Max [V Min-max ave Min- Max NAM - 914

90- 1600 1U5)238-2032 [ eii)141- 2089 By 287-3126 663 394- 933 129 68.2- 130

74-4152 1451 442-3488 1490 234- 3312 2073 T2 1038 719- 1562 270 198- 341
50- 389 15044.9-351 136 25-299 184 56.- 376 120 89 - 161 34 30- 38
190 - 1550 485 150-1133 409 79- 892 531 185- 1027 483 404- 594 155 152- 158
219-6691 3352 [Nl 2973 478 - 6592 2165 [N I | 2367 1622 3315 588 448 - 727
63 22-143 11-79
17638 4-19
46 16-103 9-43
1:11a5-28387 24-140 59.4-165.2
15 | g313-0m |
10-27 - 17.2-67.1
9% 50- 130
JE -6
815 |  2696-564 |
-4 | ahaon |
qrs  beals | dha-szs |
0-346 RS 330132.92- 70052 |

918 - 10632 3931 1009-8238 [-2LE R 4628134668 - 9856.72

Exceed limit Comparison with average calcio carbonatite by Woolley and Kempe
Within carbonatite average and Min-Max [J§gketeie))
below average and Min-Max = unusually low LREE: HREE ratio in Lofdal carbonatite dykes

[ ay above averageand Min-Max = MREE and HREE very high for the Lofdal carbonatite dykes
Far Below average and Min-Max

2952
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Comparison of Lofdal

carbonatites with other known
REE -RICH carbonatites
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The overall conclusion are:

REE deposits are specific

REE distributions at Lofdal are
variable




Resources available:
Ata 0.3% total REE cut-off:

- Indicated resource: 900 000 t @ 0.62% total REE,

with 86% heavy REE
- Inferred resource: 750000 t @ 0.56% total REE,

with 85% heavy REE
Ata 0.1 total REE cut-off:
- Indicated resource: 2.88 milliont @ 0.32% total REE,

with 76% heavy REE
- Inferred resource: 3.28 milliont @ 0.27% total REE,

with 75% heavy REE

The resultsofthePh.D. study

supportedthedevelopment
of this potentialfuture
Namibian mine, and thereby
contributedto economic
development in an othemnwise
underdeveloped area.




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

11/6/2014 40
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Geophysical criteria

« Radiometric

 Hyperspectral RS

Structural criteria
 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

Above all the source of fluids Is most important



8. Conclusion

The LAC consist of a swarm of carbonatite dykes and plugs, with spatially associated silicate
intrusive rocks

Carbonatites are classified as calciocarbonatites, magnesiocarbonatites, ferruginous
carbonatites and dolomites and are grouped into eight (8) main groups according to their
geochemistry

Lofdal is unigue 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)

The 3'80 and 313C 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

HREE mineralization at Lofdal is directly related to the emplacement of the carbonatite and to a
post-magmatic hydrothermal process

The age of intrusion of Lofdal is + 765



Thank you
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