Université de Liege
Faculte des Sciences =
Département de Géologie s,

Laboratoire de Minérg

N0 e
O Y
? 4
[ APREAS
¥ o
| Université
de Liege

Pegmatite phosphates: |
from the field to the lab. |~

Prof. Frédéric Hatert

Pegmatlte Workshop 2016

a S o) r".",*
o g
TR o

e Y

. -
) \
; y "
A : .
Y v v '«
] ! ‘; \ ¢
v »



Contents

1. Introduction

2. Fleld observations

3. Petrography and geochemistry

4. Crystal chemistry

5. Hydrothermal experiments and stability

6. Conclusions



L SERS fn, .t .')..‘ALU‘.,.MJH T

é

.

Univers

O
c
C
gra
O
O

Loch Quoich,

.
Ll

“Johnsomervilleite

o




Intro. Field | Petro. 'L_,|],§_‘rys:tgll‘p. ‘ Stability

heVanliiaSKpEGmatite

[ — U A T I R TR B
L R AU TP o] e T " i

Brian Mason (1917-2009)

Paleoproterozoic (ca. 1.87 - 1.66 Ga) Paleoproterozoic (ca. 1.96 - 1.86 Ga)

[ Revsund suie [ Verutrask formation [5] Sketets group
Acid to intermediate intrusive rocks Metabasic volcanic rocks Felsic to intermediate metavoicanid
rocks (metarhyolite, metadacite,

metaandesite)
[ Metasedimentary carbonate rocks
(calcitic to dolomitic marbles)

(granite, grancdiorite) (amphibolite, metabasalt)

Paleoproterozoic (ca. 1.87 - 1.75 Ga) (| m‘:‘;‘::i r;‘;:"g;’f&‘:‘"

[ Selectesite (metagreywackes, schists)
Adid to intermediate intrusive rocks [ Ack intemodiato intusive - Deformation zone

(granite, granodiorite) focks (granite, granodiorite)
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Thethphyiite group universe L]

de Liege

Li(Mn?*,Fe?")PO, = i, (Mn?*,Fe3")PO, = ¢Mn3* Fe3*)PO,
(Lithiophilite) (Sicklerite) (Purpurite)

Li(Fe**,Mn?")PO, = ti, (Fe3*,Mn?")PO, = ¢(Fe3*,Mn3*)PO,
(Triphylite) (Ferrisicklerite) (Heterosite)
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Genesis of alluaudites

TRIPHYLITE ALLUAUDITE (Fe™")

Li* Fe®*{PO,) Na" Caz‘Mn"Feg'(PO )a

/ Lij", Fely, Fe*(PO,)
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ALLUAUDITE (Fe™)
Na" Mn® Fe3'(PO, ),
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HETEROSITE Mn®* Fe2* (PO Decomposition
Fe** (PO,) ez’ (POL)s products

= x{‘““

VMDCHOCOD—HW MAPTZTOVNOI O
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Oxidation mechanism

Na,MnFe?*Fe3*(PO,); = [[NaMnFe3*,(PO,);

Nat+ Fe?* == [] + Fe3*

e Secondary origin
* Primary origin

—HOCV~Hy) MA2TTVOIT

o

AIIuaudlte Klblngo pegmatlte Rwanda
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PegmatiierZenine

Il c:ternal Wall Zone (EVVZ)

I 1nner Wall Zone (IWZ)
Inner Zone (12}

|:| Quartz core (Q)

de Liege

MINERALOGY AND GEOCHEMISTRY OF PHOSPHATES AND SILICATES
IN THE SAPUCAIA PEGMATITE, MINAS GERAIS, BRAZIL: GENETIC IMPLICATIONS

MaxiME BAIJOT AND FREDERTC HATERT?

Laboratoire de Minéralogie, B18, Université de Liége, B-4000 Liége, Belgium

SiMoN PHILIPPO

Section Minéralogie, Musée national d’histoire naturelle, Rue Miinster 25, L-2160 Luxembourg,
Grand-Duché de Luxembourg
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Sapucaia pegmatite, Brazil

: e o . LN e 5
Buranga pegma

tite, Rwanda
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Intercroissances et inclusions
dans les associations graftonite-sarcopside-triphylite

par ANDRE-MATHIEU FRANSOLET,

[nstitut de Minéralogie, Université de Litge (1),

il LT
Sarcopside (Fe,Mn),(PO,),
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Lamellar textures
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EXSOLUTIONS!!
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yme + sarccéside

Pictures: E. Roda Robles
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PETROGRAPHIC EVIDENCE FOR PRIMARY HAGENDORFITE
IN AN UNUSUAL ASSEMBLAGE OF PHOSPHATE MINERALS
KIBINGO GRANITIC PEGMATITE, RWANDA

’

ANDRE-MATHIEU FRANSOLET anp Fréptric HATERT

Laboratoire de Minéralogie, Département de Géologie, Université de Liége, Batiment BI8,
Sart Tilman, B-4000 Liége, Belgique

Francois FONTAN

Laboratoire de Minéralogie, Université Paul-Sabatier de Toulouse, 39, Allées Jules-Guesde, F-31000 Toulouse, France

Hagendorfite, alluaudite, and heterosite, Kibingo pegmatite, Rwanda
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ComMp exaassempaAgESHieESAPUEaIA

Université
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Barb + Tav

Triphylite 1 &I (+ Fluorapatite + Garnet)

¢ Ol’ Hur ’ Ferrisicklerite

L 1
+ Montebrasite
- Li o ]
+Ca ( Reaction with albite)
Heterosite Hureaulite

Jahnsite .. Frondelite s./. Barbosalite
QOrange Tavorite \l

hureaulite -Ca +Fe Orange
hureaulite

Frondelite s./. Rockbridgeite

Hydrothermal transformations

Phosphosiderite Phosphosiderite Whitmoreite Siderite
*K Leucophosphite Phosphosiderite ( Residue)
Variscite * A/
Mn-Fe-bearing oxides * " Cyrilovite

Weathering

Mn ox s, Rt Triphylite 1 & 11 (+ Fluorapatite)

Montebrasite
Eosphorite
Whiteite s./.
(Reaction with albite

Hydrothermal transformations

Vivianite Fairfieldite
Ludlamite Messelite
Metaswitzerite Xanthoxenite

Weathering
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=l CCHOIEMICHORIGIERAINSES Universite

de Liége

La ferrisicklérite des pegmatites de Sidi Bou Othmane
(Jebilet, Maroc)
et le groupe des minéraux a structure de triphylite

par Francors FONTAN *, PauL HUVELIN **, MarceL ORLIAC * et Frangors PERMINGEAT *.

SICKLERITE

mmm) [his oxidation is not a continuus process!
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SIMS analyses oLl contents

de Liege

EMPA, SIMS and crystal-structure analysis of 19 samples

Triphylite-lithiophilite

0.99-1.07 Li p.f.u.

Ferrisicklerite
0.14-0.29 Li p.f.u.

0,4 0,6
(Fe+Mg)/(Fe+Mg+Mn)

Heterosite may contain up to 0.21 wt. % Li,0O, and ferrisicklerite may
show a low Li-content of 1.31 wt. % Li,O

£ u

Close Li-contents!
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Oxidation of sicklerite Université

de Liege

Sample from the Altai Mountains, China

10 Liggg(Fe” 5 03Fe™ 0 13MN2%, 50)(PO,)
2: Liggs(Fe7 05Fe77 0sMN?* 1) (PO,)
3: Liggg(F€%* 5 16MN%* 5oV 1) (PO,)
4: Liggp(Fe% 5 16MN*"5 75MN*"; 16)(PO,)
5: Lig go(F€%16MN%* 5 6,MN7 16)(PO,)

/

«wmmm Li-decrease

* The transition from lithiophilite to
sicklerite is progressive

 The change in colour is due to the
presence of Mn3*

Coulour zone
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Sz aolar diffrzieiion universics ||

de Liege

Sample holder

Powder pattern Powder diffractometer
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IRENARIVIESSHIICIUE sersite L]

de Liege

* Triphylite, LiFe?*(PO,)

* Lithiophilite, LiMn(PO,)

* Natrophilite, NaMn(PO,)

- Karenwebberite, NaFe?*(PO,)

S.G. Pmnb

a=6.092 A
b =10.429 A
c=4.738 A

Red octahedra: M1 (Li, Na)
Blue octahedra: M2 (Fe, Mn)
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KarenWwenhente; anew mineral..

de Liége

American Mineralogist, Volume 98, pages 767-772, 2013

Karenwebberite, Na(Fe?*,Mn*")PO,, a new member of the triphylite group from the
Malpensata pegmatite, Lecco Province, Italy

PIETRO VIGNOLA,' FREDERIC HATERT,>* ANDRE-MATHIEU FRANSOLET,> OLAF MEDENBACH,?
VALERIA DIELLA,' AND SERGIO ANDO?*

NaFe2*PO,

a=4.882(1), b =10.387(2), c = 6.091(1) A

Pbnm

’«‘V .bh N o
3 3 3 - P y
* 2 i g =
. \
d ® L -3 5
CLy -~ g
-l

Kareh Louise Webber Malpensata pegmatite, Italy
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Zavaliaite, a new mineral...

ZAVALIAITE, (Mn2*,Fe?*,Mg)3(PQs)2, A NEW MEMBER OF THE SARCOPSIDE GROUP

FROM THE LA EMPLEADA PEGMATITE, SAN LUIS PROVINCE, ARGENTINA a = 6.088(1) A

FrEDERIC HATERTS b =5 4 . 8 14(1) A
Laboratoire de Minéralogie, Département de Géologie, Université de Liége, Batiment B18, C — 10 - 484(2) A

Sart Tilman, B—4000 Liége, Belgium

B = 89.42(3)°

ENCARNACION RODA-ROBLES
Departimento de Mineralogia y Petrologia, Universidad del Pais Vasco/lEHU, Apdo. 644, E-48080 Bilbao, Spain S 2 G 4 P 2 1/ C
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The sarcopside structure

Sarcopside
a =6.088(1) A
b =4.814(1) A
c =10.484(2) A
B =89.42(3)°

S.G. P2,/c

» Topologically identical crystal
structures

* 50 % of M(1) positions are vacant
In sarcopside

Triphylite
a=15.987 A

b =10.286 A
c=4.690 A
S.G. Pmnb
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- A(2)": gable disphenoid
e aliateersiitiCitiEs  AQ): distored cube
M(1): very distorted octahedron
M(2): distorted octahedron

[AR)AR)TALA(T) A1) 2]M(1)M(2),(PO,)s
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ChysialichEmISHACiRAIURAIRANNANGIIES it

de Liége

A(2) = Na*, s K*

A(1) = Na*, Mn?*, Ca?*, «

M(1) = Mn?*, Fe?*, Ca?*, Mg?*
M(2) = Fe3*, Fe?*, Mn2*, Mg?*, Li*

Oxidation mechanism:

Na* + Fe?* = « Fe3*

Na,MnFe?*Fe3*(PO,); = NaMnFe3*,(PO,),
Na,Fe?*,Fe3*(PO,), = NaFe?'Fe3*,(PO,),
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ClryStallchHEMISUYACIESYRIIENE
AllU2UEESNPEICEMPERURES

« Solid state synthesis in air Na-Mn-Fe3* (+ PO,) system
« T =800-950 °C Role of Li*

P =1 bar Role of Cd?* and Zn?*

Role of In®* and Ga3*

EXPERTIERE

« Hydrothermal synthesis Na-Mn-Fe?*-Fe3* (+ PO,) system
* Tuttle-type cold-seal bombs

« T =400-800 °C

P =1-5 kbar

American Mineralogist, Volume 90, pages 653-662, 2005

Crystal chemistry of the hydrothermally synthesized Na,(Mn,_JFe?*),Fe**(PO,);
alluaudite-type solid solution

FREDERIC HATERT,">* LEILA REBBOUH,’ RAPHAEL P. HERMANN,? ANDRE-MATHIEU FRANSOLET,'
GARY J. LONG,* AND FERNANDE GRANDJEAN®
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Cationic distribution

Université
de Liege

Cation  lonic radius (A) Site
[VI] VIl AR AQ) M@1)  MQ)

Ag’ 115  1.28
Na’ 1.02 118
cu’ 0.77

Li 076 092 Solid-state synthesis
ca 100 112 and hydrothermal
ofs 0.95 1.10 experiments

Mn*  0.830  0.96

Fe” 0780 092 l

Co” 0745 090

Zn* 0740  0.90 X-ray structure

cu* 0.73 - S E S
Mg” 0.720 0.89

In 0.800 0.92
0.645 0.78
0.620
0.615

0.535

Crystal chemistry of the divalent cation in alluaudite-type phosphates:

- . A structural and infrared spectral study of the Na,s(Mn _XM,Z(“‘) sFeq15(POy)
X: Complete occupancy of the site solid solutions (x = 0 to 1, M** = Cd**, Zn?") e s

p : Partial occupancy of the site Feédéric Hatert*

Laboratoire de Minéralogie, Université de Liége, Batiment B18, B-4000 Liége, Belgium
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HVEreHIETAEXPERMERLS
Gold tubes

>

Hydrothermal bomb

Université
de Liége

-

Hydrothermal lab

Opened gold capsules
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The stability of ferrisicklerite

de Liege

Phosphate paragenesis

Primary Crystallization

 Crystallization temperatures of
~ 600°C - 500°C

ferrisicklerite?

* Degree of oxidation?
High Temperature Metasomatic Alteration

Hydroxylation and cation exchange
~ 500°C - 300°C

High Temperature Metasomatic Alteration

Low Temperature Metasomatic Alteration
Hydration, hydroxylation and cation exchange

Triphylite-lithiophilite

~ 300°C - 100°C Li(Fe*,Mn*)PO,
~ 500°C - 300°C
Non-oxidizing conditions Oxidizing conditions
i Leaching of Li* Oxi 210 Fe*
Preliminary hydrothermal wAE?ifi:tti:)Elg'o‘:‘lo.lili'_t Ferrisicklerite-sickiorte
z olfeite-triploidite
RS Addition of AI* sl L bl
Griphite, Scorzalite Heterosite-purpurite
b 200'6000 C ; 1'3 k b ar Addition of Ca?* Addition of Na* and Ca*
; : itlocki Alluaudit
- Low fO,: triphylite Whitlockite —
i e Addition of Na*
« High fO,: LiFe3*PO,(OH) Natrophilite

Simmons et al. 2003
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Triphylite cubes

Université
de Liege

Sample 9706.41, Palermo, N.H., USA X LiFePO, = 0.74(1)  100% Fe2*
Collection Paul Keller, Stuttgart X LiMnPO, = 0.21(1)
X LiMgPO, = 0.05(1)

0.1n HCI, 21mg KMnO,, 120°C, 28 d
Before run After run

s




Stability

Université
de Liege

* First hydrothermal synthesis of
ferrisicklerite

« At very low temperature

* Under a very high fO,

‘ Ferrisicklerite is a low temperature metasomatic alteration mineral (?)
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Decrease of the LI content

Triphylite Ferrisicklerite

Sarcopside
lamella 0.1 mm
unreacted
triphylite
M AE
distance from the front [um] MnZO-OH
rim

‘ Sharp contact between triphylite and ferrisicklerite!
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de Liége

StallAeIREHEIY,

HERSAICOISIHE e
ASSEMPIA0E | «

— T

AR e g i gl
5 S R

S o 8 -

1-phase domain —— LlFe 2_5(PO4)2

Triphylite

» Decrease of the Li-content
of triphylite, from 0.72

. a.p.f.u. at 400°C, to 0.48

Triphylite + sarcopside a.p.f.u. at 600°C

* Increase of the Li-content
of sarcopside, from 0.01
a.p.f.u. at 400°C, to 0.05
a.p.f.u. at 600°C

* 1-phase domain above
700°C
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CalclahenieicH/SialliSAatien
IEMpPERIESHORIcIUIRIFASSENRIZEES

Fe/(Fe+Mn) ratio of natural triphylites
and sarcopsides close to 0.800

2L

Phase diagram for the
LiMn, Fe?*,(PO,), starting
composition

Triphylite

Triphylite + sarcopsid

35 % sarcopside and 65 % triphylite
T ~500°C

15 % sarcopside and 85 % triphylite
T ~ 350°C



Intro. | Field | Petro. | Crystallo. | Stability

Stabilizeialltaudites

T

 Low T = alluaudite
* High T = “X-phase”
* Mn = fillowite [NaMn,(PO,),]

No maricite [NaFePQO,] in

pegmatites

J L
Varulite
Na,Mn,Fe3*(PO,),

350-400°C
Hagendorfite
Na,MnFe?*Fe3*(PO,),

450-500°C

Contrib Mineral Petrol (2006) 152:399-419
DOI 10.1007/500410-006-0115-2

b
Ferrohagendorfite

The stability of primary alluaudites in granitic pegmatites:
an experimental investigation of the Nay(Mn,_,,Fe;,,.)(PO,); N a2 F e2+2 F e3+ ( P O 4) 3

system

o
Frédéric Hatert - André-Mathieu Fransolet - 5 5 O . 6 O O C

Walter V. Maresch
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Stapliinieittieripnyiiesaliiateite

asemplage

Alluaudite + triphylite
+ maricite

A A

[e] o

Alluaudite + triphylite

(o] o

Bu Ha

0,6 0,65 o,

Fe/ (Fe + Mn)

No maricite in pegmatites

|

Alluaudite + triphylite
assemblage stable up to
500-600°C

Bu = Buranga, Rwanda
Ha = Hagendorf-Sid, Germany

Ki = Kibingo, Rwanda
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Las Nelp=id onyliis o Sainlgrrlonfegisy  unersis

de Liége

Maricite Triphylite

In triphylite, Na can
reach 0.08 a.p.u.f. at
800°C

I[n maricite, Li can
reach 0.10 a.p.u.f. at
700°C

*No partitioning
Experimental investigation of the alluaudite + triphylite 5
assemblage, and development of the Na-in-triphylite below ca. 550°C
geothermometer: applications to natural pegmatite phosphates

e it ot Ot m) Geothermometer!

Peter Schmid-Beurmann




Conclusions

Enjoy phosphates, and....

Let’s have a beer!



