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APATITE FACTS

 Igneous apatite and sedimentary phosphorite are the main sources for
phosphate rocks (commodity) mainly used in agriculture and food
production

 Igneous apatite is a necessity for the production of high-quality
phosphate fertilizers by nitric acid process yielding agriculture-CaCO3
as waste/byproduct

« EUregard phosphate rocks as a critical commodity. Yara Suomi Oy,
Siilinjarvi in Finland is the only producer of apatite in western Europe

 Igneous apatite concentrates are largely used domestically; limited
export. Norway has two phosphate fertilizer plants, but no deposits

* In spite of large resources of apatite, the demand is high due to
growing world population and standard of living, leading to depletion
of high-grade ores and lowering of average producing grades at a rate
of 0.45 wt.% P205 or 1 wt.% apatite per decade

 Present lower limits for an economic deposit of igneous apatite is
about 60-100 Mt containing 5 wt.% P205 or 12 wt.% apatite
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History of research and surveys

Esmark 1824: Norite
Dahll 1863: Mapping, Fe-Ti

Kjerulf, Reusch, Vogt, Kolderup 1870-
1910s: Fe-Ti

e 1910 -> no future
e 1916 ->yes future

Michot, Michot, Duchesne a.o. (Liege)
1930s-present: anorthosite, BKSK, Fe-Ti

Krause a.o. (Clausthal) 1970-80s:
anorthosite, BKSK, Fe-Ti

Robins a.o0. 1980s-present (UiB): BKSK+
Wilson a.0. 1980s-present (AU): BKSK+
NGU w/wo YARA, Titania, Ekberg

e Mid 1990s: Fe-Ti

o Late 1990-early 2000s: anorthosite,
apatite, magnetic mineralogy, Fe-Ti
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Plagioclase

|deal sequence: Chaits
plagioclase angerie
lmenite

(olivine)

orthopyroxene

magnetite

clinopyroxene and apatite
antiperthite

Invertet pigeonite
iIron-rich olivine

quartz
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Ca-poor
pyroxene

Inverted pigeonite

Ca-rich
pyroxene
IImenite
Magnetite




The Bjerkreim-Sokndal Layered Intrusion

Apatite, ilmenite, vanadian
magnetite rich zones

5

kilometers

Anorthositic and jotunitic to quartz
mangeritic intrusions
Jotunitic dyke (Lomland dyke)
Mangerite
Quartz mangerite
Anorthosite

The Bjerkreim-Sokndal Layered Intrusion
Layered Series
Zone lIb, llla-b and IVab
Zone |Aa and IBa
Zone lla and marginal rocks
Zone c
Zoned
Zone e
Zone f
Transition Zone
Jotunitic Marginal Series
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5.11 % P,O.

A: MCU IB: Asen Géard

Vs red circles, TiOz : green tilted squares

Stratigraphic height (m)

P20s (%9 TiO2 (%) Bjerkreim SW Average
MCU IB P205: 2.87 % (~ 7.1 % Apatite)
MgO in ilmenite: 1.31 %
V203 in magnetite: 0.90 %
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Strat. height (m)
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AREA A, MCU IB:

Resource area: 15-20 — 60 m x 3000 m

~ 50 - 100.000 m?

Estimated value mineral content:
Apatite: 8 %
lImenite: 15 %
Magnetite: 11 %

MgO (ilm.): 1,8 %

V,0,; (mt.): 0,91 %
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Successful drill holes
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apatite-rich sequence in MCU Ve
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Biratagaphic haight (m]

MCU IV apatite, ilmenite, magnetite

SOUTH NORTH

The Bjerkreim-Sokndal Intrusion
MCU IV: Terland to Ollestad

In yellow: P20s > 3.6% (i.e. more than app. 9 wt% apatite)
In grey: Total normative ap+ilm+mt > 25 wt%
In blue: Total normative ap+ilm+mt > 30 wt%
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The Bjerkreim-Sokndal Intrusion
MCU IV: Terland to Ollestad

In yellow: P20s5 > 3.6% (i.e. more than app. 9 wt% apatite)
In grey: Total normative ap+ilm+mt > 25 wt%
In blue: Total normative ap+ilm+mt > 30 wt%
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Successful drilling.
2 m core split
P,O: and norm. ap.

Mjasund Ollestad
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Successful drilling.
2 m core split
Total value minerals

Mjasund Ollestad
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AREA C, MCU |V:

Resource area: 30—-90m x800m = =

250.000 - 700.000 m?2 R

Estimated value mineral content :
Apatite: 10 %
lImenite: 14 %
Magnetite: 8 %

MgO (ilm.): 1,0-1,8 %

V,0; (mt.): 0,90
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Modal layering, MCU llle
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MCU lile

88000

Teksevatnet West Average
(MCuU 1) P205: 3.06 % (~ 7.6% Apatite)
MgO in ilmenite: 1,4 %
V203 in Magnetite: 0.99 %

Strat. height (m)

0
00 10 20 30 40 I ! E 10 15 20 25 3.0 l I 0.8
P205 Whole Rock MgO inilm V203 in mt

m = mafic (dark) layers
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Helleland Average
MCU Il P205: 3.35% (~ 8.3 % Apatite)
MgO in ilmenite: 2.13 %
V203 in magnetite: 0.97%

MCU lile

Strat. height (m)
Strat. height (m)
D o ]
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Strat. height (m)
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Terland = 0 0 T e

P205 Whole Rock MgO in ilm V203 in mt
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Terl an d I-spotanalyses [0 70x100p scans —e—spotanalyses O 70x100u scans

MCU Il and IV

Average

P205: 3.4 % (~8 % Apatite)
MgO in iimenite: 1.0 %
V203 in magnetite: 0.91 %

Strat. height (m)
Strat. height (m
Strat. height (m)
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Average

P205: 3.8 % (~9 % Apatite)
MgO in ilmenite: 2.5 %
V205 in magnetite: 0.94 %

; 1 0+
20 30 4 ! s w20 E5 40 02 04 06 08
P205 Whole Rock EERmm V203 in mt

—e—spotanalyses O _Laser-ICP-MS 100x100um
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MCU IBe: 45x3000m @ 8.3 % ap, 15.2 % ilm, 10.6 % mt
Poorly documented

MCU llle: 100x3000m @ 7.8 % ap, 11.4 % ilm, 6.9 % mt
Discontinuous, fairly uncertain extent

MCU IVe: 70x8500m @ 10.2 % ap, 12.4 % ilm, 7.3 % mt

Stratigraphic thickness and lateral persistency
of high value zone unsufficiently constrained
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(o]0 ondrites
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Coarse-grained pyroxenite 5304 19104 2375] s3z4| 2138 ao4| 1sz8] 1ea] esqa] a3 1e3] 18] 100l 12 #1508 708
isvargal | COASE-Orained pyroxenite 7a7.3| 26542 3573 13040| s005 37| 2154| 234l szl 1ze|l 262 27| 14zl 17| smizr] @ga
Coarse-grained pyroxenite ogo 4| 20788 3532 13408 2833 ess| 1v4s8| o4l sozl 14| 21zl 2zl 11z 13| e3s 5 4
Coarse-grained pyroxenite 745 1| 2551 4| 331.4| 12042 271,85 ezs| 1s23| 191 ezl 112 210 22 118 1 13 &0
Bjerkreim |Patite-Fe-Ti ore, Megacycle | 1645 40s4] 70l ases| w18l zez| @il 07 sl e zo4l 2ol o7 1] frenz 1
Sokndal  |Apatite-Fe-Ti ore, Megacycle Il 1796 ss82l e12] 67| 918l 234l eea| 04| 4me| szl 174l 18] 91| 10| 14835 24
Layered A patite-F e-Ti ore, Megacycle IV 1786 s120| 768 a4m9| el 218 e22] 98 467l 7ol 1e8l 17l sel 10| N14003 29
Intrusion |y oatite-Fe-Ti ore, Megacycle IV 180,3| s715] e42| aa58 el 27| s3] 97 el 7ol 1esl 7] sel 11| Ni4ra4l 67
M orzaonite, hanging vall 1286,7] 265785] 2490 sie8 1311 zz4] 10s7] 126 e8] 118 278 33 194 28 46 3
Patchy are, hanging wall 16252| 3603 4| 3744 1288.7| 21558 252| 1704] 199 9sE| 182 418 a8 27| 37 7sscdATEIE
Ore zore, upper part 1601.2| 4346.5| 483.6| 1690.7| 3013 49| 2238 278 1387| 247 ssa  e7| 380 47 @esss| 258
Kadal Ore zone, certral part 2222.2| s3s2.9| 5752 19109| 3233 seo| 2asel  2ee| 1400 248 ses|  ee| 381 48| 109898 272
Ore zone, lower part 1707.8| 4126.4] 4744 1674.9| 2065 e28| 2304 27| 1324 233 498 se| 318 a8 @ozes| 204
Patchy ore, footwall 24565 45219 4621| 1601.7| 27200 258 230z 272 13es| 259 ssa| 74| 436| 64| @s7as| o7
Maonzonite, foot wall 20121| areo.9| 3778 12544] 2000 za4| 1ea7| 1sa| 9zs|l 174 414 a8l 27| 40 so0s1| 577
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lImenite and magnetite chemistry

ILMENITE

Sample: OLL_1.9
Sample: OLL_5.85
Sample: OLL10.15
Sample: OLL_17.18
Sample: OLL_23.17
Sample: OLL29.73
Sample: MJA 2.69
Sample: MJA 6.28
Sample: MJA 14.57
Sample: MJA 19.54
Sample: MJA 24.63
Sample: MJA 29.68

MAGNETITE Stratigraphic
height (m)
Sample: OLL_1.9 1.87
Sample: OLL_5.85 5.75
Sample: OLL10.15 9.98
Sample: OLL_17.18 16.89
Sample: OLL_23.17 22.78
Sample: OLL29.73 29.23
Sample: MJA 2.69 0.91
Sample: MJA 6.28 2.14
Sample: MJA 14.57 4.95
Sample: MJA 19.54 6.64
Sample: MJA 24.63 8.37
Sample: MJA 29.68 10.09
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