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Abstract

Rough and unheated gem corundum samples from various gem fields of Madagascar were
used in this study. The samples include ruby from Andilamena and Vatomandry, blue-green-yellow
sapphire from Diego Suarez, blue sapphire from Andranondambo, and varied-coloured sapphire from
Ilakaka. A total of 803 corundum samples were measured for basic gemmological properties and
absorption spectrum using UV-Vis-NIR technique, 201 samples were analysed for major and trace

element contents, and 339 samples were heat-treated.

It can be concluded from this study that (1) Colour and physical appearances of corundum are
directly related to type and concentration of trace elements, especially Cr, Fe and Ti. (2) Milkiness or
cloudiness in the gem samples reflect the distribution and concentration of Ti in the stone. (3)
Advanced techniques of chemical analysis to help determining which samples are suitable for heat
treatment and how, are not as effective as the much simpler technique using only a torch light and
loupe or magnifying glasses employed by most Thai gem dealers, both in terms of cost effectiveness
and practicality. (4) In conducting heat treatment of corundum, attention must be paid to all factors that
might affect the stones, for examples, the original colour, type and amount of inclusions and fractures,
and internal features/textures of the stones such as milkiness, silkiness, or coloured patches present. (5)
In principle, the practical procedure recommended for heat treatment of gemstone is to start with
minimum heating conditions (esp. temperature and soaking time) and extract the stones that response
satisfactorily to the treatment before reheating with stronger setting step-by-step. (6) Stones with
cloudy/milky appearances (Geuda) are the best responsive to heat treatment. Heating in an oil furnace
under reducing condition up to 1,450 °C will produce nice blue stones. (7) Ruby should be heat-treated
to get rid of other interference colours, i.e. blue, violet, or brownish tints, or to increase clarity, using
electric furnace under oxidizing condition starting at 1,000 °C or 1,200 °C (if the stones are cloudy) or
at 1,350 °C (if the stones are clear), for a long soaking time (at least 3—5 hours). If heating to enhance
clarity the maximum temperature may be as high as 1,800-1,900 °C and rapid cooling. (8) Heating
sapphires of pink, orange, purple, or violet colours is similar to heating ruby. (9) Heating sapphire of
blue-green-yellow suite can be aimed at getting any shade of colour between blue and yellow. If blue is
the colour wanted, the stones should be heated under reducing conditions. On the other hand oxidizing
conditions are favoured for heating of yellow sapphire. The ease or difficulty in getting the blue or
yellow depend on the amount and proportion of Fe and Ti contents, temperature and soaking time, and

the intensity of oxidizing or reducing conditions during heating. (10) Each heat treatment should be



considered a separated scientific experiment. Successful heat treaters should be very observant
especially regarding the physical appearances of the stones before heating and the changes thereafter in

correspondent which each heating conditions used.
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EOCENE

DANO-MONTIAN

ALBIAN,
UPPER-LATE
CRETACEOUS

APTIAN

BARREMIAN
NEOMIAN
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CALLOVIAN

DOGGER

Ferralitic
alteration

LATE SUPERIER

LATE INFERIER

NEOPERMIAN-
EOTRIAS

PERMIAN &

SUPERFICIAL FORMATION

St
indurations

MARINE FACIES

MIOCENE I:
OLIGOCENE I:I Marl, limestone

Marl, limestone,

sandstone

Nummulitic
limestone

Limestone, marl

Sandstone,

limestone, marl,

clay

Clay, marl,
limestone,
sandstone
Clay, marl,
limestone,
sandstone

Limestone,

& dolomite, marl

a Sandstone clay

MIXED FACIES

Alluvium
sand

PLIO-QUATERNARY

NEOGENE

Sandstone,
I:I oolitic limestone

Ej Sandstone,
Clay

— Sandstone,
gypseous clay

Sandstone, limestone,
dolomite, marl —

Limestone,
sandstone,
pelite

FACIES KARROO

b Reef limestone, breches

CONTINENTAL FACIES

:] Dunes

Fluvio-lacustrine
sediment

:l Sandstone,
clay

- Sandstone,

basalt
Sandstone,
clay

ISALO 111
Sandstone, clay

ISALO I
Sandstone, clay

ISALO1
Conglomerates,
clay
SAKAMENA
Conglomerates,
sandstone, clay

SAKOA

Conglomerates,
sandstone, tillite,
clay, carbon

1 (90)

=n.
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VOLCANIC FORMATIONS

_ Basalt, basanite
Rhyolite ankaratrite

QUATERNARY

PLIO-QUATERNARY - Basalt

3 Basalt, limburgite,
4 andesite, ankaratrite,
phonolite

NEOGENE

Rhyolite, trachyte

wal Trachyte, syenite,
nephelinic syenite,
Gabbro, nephelinic gabbro

EOCENE Ignimbrite, granite

SANTONIAN- li i i
! |:| Rhyolite, microgranite, D Basalt, gabbro
MAASTRICHTIAN syenite, microsyenite

TURONIAN I:l Rhyolite, microgranite, Basalt, limburgite, sakalavite,

trachyte, syenite Gabbro, dolerite, allivalite

PLUTONISM (non date)

Granite, charnockite,
tonalite

Syenite,
syenitic charnockite

Gabbro, orthoamphibolite,
orthopyroxenite, anorthosite

gl

|:] Migmatite
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Metasediment

BASAL COMPLEX

VIHIBORY Leptynite, SERIE Schist, gneiss, SAMBI- Gneiss.
gneiss SCHISTO- micaschist, RANO schist,
amphibolite, QUARTZO- calc-silicate, micaschist,
calc-silicate CALCARE quartzite leptynite,

calc-silicate,
AMPANIHY |:’ Graphite leptynite

ANDROYEN Gneiss, leptynite,
pyroxenite,
calc-silicate,
quartzite,
micaschist,
charnockite,
scapolite

Series volcano-sedimentaries
Affinites calcaroferromagnesiennes Affinites sillicoaluminocarbonate
MAEVATA- Gneiss, DARAINA b Acid and basic AMBA- Micaschist,
NANA amphibolite, 9 orthogneiss- TOLAMPY gneiss,
green schist flow, gneiss migmatite,
quartzo - a graphite
magnetite
AM[l()RQM- Gneiss, DARAINA Orthogneiss ANDRIBA Gneiss,
POTSY amphibolite, 4 granodiolitic, migmatite
quartzite, migmatite
migmatite Gneiss,
ANTONGIL - Gneiss, kyanite micaschist
micaschist,
chlorite schist,
Series mafic epidotic
migmatite,
BEFORONA Amphibolitic migmatite amphibole, MANAM- Gneiss,
BRICKAVILLE - amphibolite oligoclastic POTSY migmatite

Old craton

DARWHAR I:I Basic xenolitic granite
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a d Aa J 09/1 A = @ I a L4 | @ I a 4
AATIEN LASNAUATISHATINGDIDN 4 AIVYN 8 IAUATIEH 5t u & AIDYN 14 IAUATIEN

Vam (8/13)* TiO, V,0, Cr,0, FeO Ga,0,
Minimum <0.0100 <0.0100 0.2920 0.1180 <0.0100
Maximum 0.0220 0.0460 0.6470 0.4080 0.0200

Mean 0.0139 0.0288 0.3998 0.2273 0.0168

n 8 12 13 13 4




o a 4 ~ ) 1 = Aa g [l A A =
HNULYE - ‘DWUDUﬂﬂ'JlﬂﬁWZﬁi’JNVIUWNT]Jﬁ$3J'Jﬁwa Uliﬁ'JiJWHQﬂﬂVI'JLﬂiWZ‘HN"IHLL?N?I“VIH@HW’E)@

Taoegl MUALINUNES Vatomandry taasnnuulsdsivvesduazineudiaios 9
1 A o 1 a do [ 1 1 4 a
Ti'lans1z4id0619 1azINTILHIIUIULIN HiloUAIDEINNADINNUNEIDUY LEaTuIn
A = v o Jdo % = dy =} A
F1NUILUANVANNUTAUMINIZBAIVeId Iilonavaied 2 519AD Cr tag Fe 1Ay Cr
vy @ 9 = 1 9 =] A [ c?.f dal a
HaAIN1susaeANARINUANUTNVBIANAY a9 Fe wilsapanasenuanvnlueg Matlsuw
Cr,0, 8321319 0.2920 IUDI 0.6470 wi% IasliA1unasne 0.3998 wt% d1u15u18 FeO 053119
= A A A
0.1180 D3 0.4080 wt% lAglAINABAD 0.2273 Wi%
L=\ g} a [ .
v.3 wasesusd IS diduninuvas Diego Suarez

9 Y

1) NGUALUIY : Dig (b) HAZNGUUAUNANTUUIY : Dig (be) 14U 8 AI0819 X 43 99

BIGEREA]

Dig(b+bc) (8/43) TiO, V,0, Cr,0, FeO Ga,)0,
Minimum <0.0100 <0.0100 <0.0100 0.2870 0.0190
Maximum 0.2200 0.0210 0.0200 1.0600 0.0800

Mean 0.0579 0.0133 0.0108 0.7990 0.0426
n 40 30 12 43 43

v o v 1 a 4
2) NAUUNUNANTINADY : Dig (yo) 312U 9 #1081 3 91 3AUATIZH

Dig(yc) (9/91) TiO, V,0, Cr,0, FeO Ga,0,
Minimum <0.0100 <0.0100 <0.0100 0.3500 0.0100
Maximum 0.4100 0.0300 0.0100 1.1500 0.0700

Mean 0.0540 0.0128 0.0100 0.7931 0.0338
n 65 83 5 91 91

' 1 o o ' a 4
3) nquununa1ala il : Dig (cc) S 4 A0819 1 29 9N 1Y

Dig(cc) (4/29) TiO, V,0; Cr,0, FeO Ga,)0,
Minimum <0.0100 <0.0100 <0.0100 0.3600 0.0100
Maximum 0.1400 0.0200 0.0200 0.8040 0.0600

Mean 0.0346 0.0114 0.0106 0.5504 0.0416

n 27 17 18 29 29




(= A . o @ [} = a 4
4) NANHLYADY : Dig (y) 314U 13 9199819 U 58 YAIUATIEN

Dig(y) (13/58) TiO, V,0. Cr,0, FeO Ga,0,
Minimum <0.0100 <0.0100 <0.0100 0.5790 0.0110
Maximum 0.2700 0.0270 0.0100 1.2400 0.0730

Mean 0.1029 0.0140 0.0100 0.8958 0.0405
n 51 50 35 58 58

1 1 o Y [l a 4
5) i?ﬂﬂﬂﬂ@ﬂ?{ﬂlﬂﬁllﬁaﬂ Diego Suarez 91UIU 34 1IN U 221 YAIUATIEN

Dig(all) (34/221) TiO, V,0, Cr,0, FeO Ga,0,
Minimum <0.0100 <0.0100 <0.0100 0.2870 0.0100
Maximum 0.4100 0.0300 0.0200 1.2400 0.0800

Mean 0.0662 0.0131 0.0097 0.7894 0.0383
n 183 180 75 221 221

4 1 . Aa I 3 (= oy a =) A
Tagagi) waosuw) 1W591nuMas Diego Suarez MIATIEHININQUEANUTY o) Haziidos
] k4
LEAINITNTENIBAIVONT Wi nane Unuaas colour zoning tazUNNIAuaAII luowaoy
1 d’ddy I A A A A = a A a v o Jdo
Tagmwizarunanuiludivaes nemaetou) taalSinavessgiunnsianuduiusiy
g = 1 Ay = = . A 09/1
MInTeeRIveIduazii lullonaoiied 2 519 Ao Ti uag Fe lagNiiaoesiquaainisuils
Y o 1 A dy A gl a 9 v A A A 1 . .
A0ANARINY  lazuaaIAIgUlBIlonasl@iIqudNNI tay/mse NUTuaNNT (milkiness)
9 k4 v
wuwiund Mailsne Tio, 8giznine @n1 0.0100 AT 0.4100 wt% 1A8NGUE greenish
&£ A ' ' ' 1 oad A = . A =
yellow (FINMUHUMUUNIINGUTDY) UAURAY TiO, gagane 0.1029 wi% UaznNgud blue +
colourless core UAUNAY TiO, AMYAND 0.0346 wi% AIUUTUIA FeO pgT24I19 0.2870 D4 1.2400
wi% 1agngud greenish yellow HAUNAY FeO gagafio 0.8958 wi% 1azngud blue + colourless core
iA@Y FeO Agafo 0.5504 wi%

J 3‘ a ' o Y ] a J
V.4 Waammﬂ"lvxli?Tummnmmm Andranondambo 9TUIU 14 AIDYN fl 88 YANUATICHN

Anb (14/88) TiO, V,0, Cr,0, FeO Ga,0,
Minimum <0.0100 <0.0100 <0.0100 0.1350 <0.0100
Maximum 0.3400 0.0300 0.0200 0.8100 0.0400

Mean 0.0480 0.0132 0.0104 0.3720 0.0196

n 82 76 28 88 74




Y v

o o A 1 a o, ng 1 3’ a [l
Tagagy vl IWs@iuSuanuras Andranondambo NATIZHANINGUATIRU LAz TN
09; a a A =1 ] @ v % =S 1 dy ~
a1 AN uaalsuasigiizianuduiusiumsnsznedivesduazriiluiionaseiie
2 51970 Ti Az Fe  laglf3ual Tio, 845213196101 0.0100 3 0.3400 wt% taziiaunds 0.0480
wit% a9u1/51191 FeO 0321914 0.1350 819 0.8100 wi% Haglinnde 0.3720 wi%
4 = 1 ] 3 1 1 3 A 1 (= ] o dy
.5 waoouw) 1lSvaIndoinunad llakaka siiseemilunguaies Ml wag Tulina aedl
T Aa ] 1T g 1 ] a v ] 1
nguiiiva udsilungudosriiaaiee laun

1) i mes 31w 8 @061 T 109 9AUATIEH

Tk 1-1-x (8/109) TiO, V,0, Cr,0, FeO Ga,0,
Minimum 0.0100 <0.0100 <0.0100 0.0300 <0.0100
Maximum 0.4070 0.0300 0.0100 0.1050 0.0300

Mean 0.1051 0.0166 0.0100 0.0527 0.0136
n 109 103 23 109 76

2) wiudy $1wan 10 §red1 T 96 gaAnTIEH

Ik 1-2-x (10/96) TiO, V,0, Cr,0, FeO Ga,0,
Minimum 0.0100 <0.0100 <0.0100 0.0400 <0.0100
Maximum 0.2100 0.0300 0.0200 0.3820 0.0400

Mean 0.0643 0.0149 0.0106 0.1004 0.0161
n 96 94 18 96 81

[ 1 d' =V 1 9 dy 1 9 ] s K o
3) MN199U (UDINUAIDYNUDY azionanuAo U1 e llllll,ﬁ@lﬂﬁ mm"lﬂﬂsxmawa

sawnunguielalulid : 1k (o) vez Tk 2-1-x

1 a o @ 1 a 4
4) nudunu 1UIU 3 AIDYN ﬁ 60 AUATIEH

Tk 1-4-x (3/62) TiO, V,0, Cr,0, FeO Ga,0,
Minimum 0.0300 0.0100 <0.0100 0.0400 <0.0100
Maximum 1.1500 0.0800 0.0100 0.1400 0.0300

Mean 0.1739 0.0221 0.0100 0.0942 0.0133

n 62 62 3 62 41




9
1w

5) sunguitivaiiianue (Ik 1-1=x, Tk 1-2-x, Tk 1-4-x) $12U 21§01 1 267 99nTer

Tk 1-x-x (21/267) TiO, V,0, Cr,0, FeO Ga,0,
Minimum 0.0100 <0.0100 <0.0100 0.0300 <0.0100
Maximum 1.1500 0.0800 0.0200 0.3820 0.0400

Mean 0.1062 0.0173 0.0102 0.0806 0.0146
n 267 260 42 267 167

Tagagl naudiimin uaaslSinasaiineidesiumsnsznedvesd uaz/mio i
= = . a . 1 1 = u’/‘ dy 1 ] Aa A
19 2 51970 Ti Az Fe Tag/5u1a Tio, 08331313 < 0.0100 B3 1.1500 wt% Matinguuainuiull
Aunde TiO, qugane 0.1739 wi% drunguriuduiinunae Tio, Mgafie 0.0643 wt% 1151
U511 FeO 0521319 0.0300 D19 0.3820 wi% Iaonguuaindulinunie FeO gagan 0.1004 wi%

HANGUHNIMBILARAY FeO MgAnD 0.0527 wt%

WINeMe  : NguMNNBeuliiIuINAI08 9NN IR tazNanTIzswIuies (e

1 uag 2 awdiaw) 319 ldhunnlSeuienlusana uavilddszuanaswiunqulalulid

VoA (=1 ] TR 1 [} a 9 1
naui ludivin uieilunquassaudaieg laun

1 1A o 1 [ o g ' = a 4
6) ﬂquiﬁllmuﬁ FAIUNUNYUUUIDOU TUIU 8 AIDYN U 11 YAUATIEN

Ik(c), 2-1-x, 1-3-x (8/11)  TiO, V,0, Cr,0, FeO Ga,0,
Minimum <0.0100 <0.0100 <0.0100 0.0300 <0.0100
Maximum 0.0700 0.0180 0.0200 0.3600 0.0400

Mean 0.0253 0.0120 0.0167 0.1624 0.0229
n 6 8 3 11 9

= = o o 1 = a L4
7) NQNAIADY IUIU 15 AT U 25 IAUATIEN

TIk(y), 2-2-x (15/25) TiO, V,0, Cr,0, FeO Ga,0,
Minimum <0.0100 <0.0100 <0.0100 0.0190 <0.0100
Maximum 0.0300 0.0200 0.0200 0.7500 0.0500

Mean 0.0145 0.0126 0.0117 0.1020 0.0172

n 10 15 12 25 20




=S

1 o % 1 a 4
8) nANFAY $1WIU 12420609 I 22 9@ AATIZH

1Ik(0), 2-3-x (12/22) TiO, V,0, Cr,0, FeO Ga,0,
Minimum <0.0100 <0.0100  <0.0100 0.0360 <0.0100
Maximum 0.0200 0.0140 0.0200 0.3490 0.0200
Mean 0.0122 0.0115 0.0133 0.1272 0.0146
n 16 13 6 22 14
9) AquABNY W 6 @61 T 15 RIRTIEH
Tk 2-4-x (6/15) TiO, V,0, Cr,0, FeO Ga,0,
Minimum <0.0100 <0.0100  <0.0100 0.0310 <0.0100
Maximum 0.0150 0.0140 0.0230 0.0720 0.0230
Mean 0.0121 0.0122 0.0163 0.0476 0.0172
n 8 5 7 15 9
10) AguaRey Swau 16 @061 1 16 @IATIEH
1lk(g), 2-5-x (16/16) TiO, V,0, Cr,0, FeO Ga,0,
Minimum <0.0100 <0.0100  <0.0100 0.2910 <0.0100
Maximum 0.0300 0.0200 0.0200 0.8900 0.0500
Mean 0.0172 0.0123 0.0140 0.6055 0.0223
n 6 11 5 16 11
11) aguath $wau 15 et 1 24 @ ITed
TIk(b), 2-6-x (15/24) TiO, V,0, Cr,0, FeO Ga,0,
Minimum <0.0100 <0.0100  <0.0100 0.1000 <0.0100
Maximum 0.0500 0.0250 0.0130 0.8670 0.0300
Mean 0.0212 0.0146 0.0105 0.3451 0.0206
n 19 20 10 24 15




1A A o o ] = a L4
12) NQNANNADNULUD (purple) MU 11 QDN W 17 YAIUATIEN

TIk(p), 2-7-x (11/17) TiO, V,0, Cr,0, FeO Ga,0,
Minimum <0.0100 <0.0100 0.0190 0.0300 <0.0100
Maximum 0.0200 0.0300 0.0750 0.4630 0.0230

Mean 0.0134 0.0151 0.0480 0.2165 0.0160
n 12 14 17 17 7

a

1 ] v W o o 1 L4
13) ﬂquﬁmmaﬂ@m%u (violet) IUIU 8 AIDYN 19 AATIEY

q

TIk(v) (8/9) TiO, V,0, Cr,0, FeO Ga,0,
Minimum 0.0100 0.0100 <0.0100 0.0840 <0.0100
Maximum 0.7400 0.0600 0.3100 0.6200 0.0300
Mean 0.1006 0.0250 0.0899 0.2860 0.0198
n 9 9 8 9 6

[ 9
14) 5wngui Wilimimanue 1k 2-x, Tk(x) NANGY 1ag Tk 1-3-x) 594 91 AI06N

= a L4
4 139 9@UAI1EH

Tlk-clear (all) (91/139) TiO, V,0, Cr,0, FeO Ga,0,
Minimum <0.0100 <0.0100 <0.0100 0.0190 <0.0100
Maximum 0.7400 0.0600 0.3100 0.8900 0.0500

Mean 0.0251 0.0143 0.0308 0.2307 0.0186
n 86 95 68 139 91

4 1 1 { ] 1 a { A [
Tagagy uw IvlSvandoinunas llakaka nguilifimin uaaslSinusiaiinerdesiy
MINTZIWAIVOIT 3 519 A Ti, Fe wag Cr (@NAUNGN colourless : TIk(c) + Ik 2-1-x LAZNGN

blue : Ilk(b) + Ik 2-6-x aadlSuna Cr,0, @111 detection limit)

U31a Tio, 8g321319A1N71 0.0100 IUDI 0.7400 wt% Taengud violet HAUNGY TiO, g9

qAf0 0.1006 wi% Hazngud orange 118 pink HAUNAY Ti0, A1gaANo 0.012 wi%



Y3118 FeO 085217319 0.0190 3UDI 0.8900 wt% 1AsNgUE green LAURAY FeO gagano

0.6055 wi% Wazngud pink A UREY FeO A1gaAN0 0.0476 wi%

[ @ v

Usmm Cr,0, 9g3z1IN @131 0.0100 IUAI 0.3100 wt% TasnguatpendyFuLin

1m@A8 Cr,0, gagane 0.0899 wi% waznquathiiAunae Cr,0, A1gafe 0.0105 wt%



q Y v v [ ¢
agUmsiszananadmnzvifsinamigiessedl udrenanassna SuaNdINIHAIN| YR INANTNS

MINAABIN

v A 1 o o ' a 4
V.6 NUNUINLKAN Andilamena 1UIU 30 AIDY TJ 139 AAUATIEN

Anm (30/139) TiO, V,0, Cr,0, FeO Ga,0,
Minimum <0.0100 <0.0100 0.2730 0.2690 <0.0100
Maximum 0.1920 0.0480 1.1080 0.7260 0.0280

Mean 0.0338 0.0216 0.5889 0.4054 0.0165
n 136 120 139 139 27

v A 1 o @ 1 a 4
V.7 NUNUINUKAN Vatomandry 1UIU 8§ AIDYN 16 YAUANITICH

Vam (8/16) TiO, V,0, Cr,0, FeO Ga,0,
Minimum <0.0100 <0.0100 0.2720 0.0840 <0.0100
Maximum 0.0230 0.0450 0.6080 0.4450 0.0230

Mean 0.0148 0.0287 0.3979 0.2275 0.0178
n 11 14 16 16 5

v
I o A ' .
.8 wasouw IS §113uINUMAY Diego Suarez

Y Y
1 o A . 1 o A . o o 1 a o
1) ﬂQiJﬁ"LﬂN‘L! : Dig(b) LL@ZﬂQNLLﬂHﬂﬁWQﬁUWNU : Dig(bc) 11UIU 8 9179819 158 YAUNITISN

Dig b + be (8/58) TiO, V,0., Cr,0, FeO Ga,0,
Minimum <0.0100  <0.0100  <0.0100 0.3410 <0.0100
Maximum 0.2470 0.0300 0.0190 1.1500 0.0550

Mean 0.0801 0.0172 0.0137 0.8003 0.0334
n 50 30 19 58 57

1 o o [ a 4
2) NYUUAUNANTHADY : Dig(yc) 14U 9 A10819 T 90 9AUATIZY

Dig yc (9/90) TiO, V,0, Cr,0, FeO Ga,0,
Minimum <0.0100 <0.0100 <0.0100 0.4850 <0.0100
Maximum 0.2150 0.0290 0.0220 1.0770 0.0740

Mean 0.0689 0.0162 0.0136 0.7974 0.0344

n 51 48 34 90 &7

U

i([°N



1 (==} . ) Y] 1 = a 4
3) ﬂij‘iJLLﬂuﬂaNGlﬁUliJiJﬁ : Dig(cc) 31U 4 QI8 Y 46 YAUATIEN

Dig cc (4/46) TiO, V.0, Cr,0, FeO Ga,0,
Minimum <0.0100 <0.0100 <0.0100 0.3490 <0.0100
Maximum 0.1050 0.0300 0.0220 0.7990 0.0580

Mean 0.0268 0.0171 0.0139 0.5163 0.0304
n 44 20 19 46 43
4) AguaMan : Digly) $1uau 13 @061 T 81 9 ATIZH

Dig y (13/81) TiO, V.0, Cr,0, FeO Ga,0,
Minimum <0.0100 <0.0100 <0.0100 0.5290 <0.0100
Maximum 0.2440 0.0290 0.0220 1.2790 0.0770

Mean 0.1039 0.0161 0.0139 0.9090 0.0322

n 74 53 27 81 78

5) IWNANANAUDINAA Diego Suarez 91U 34 70619 I 275 3AAUATIEH
Dig All (34/275) TiO, V,0, Cr,0, FeO Ga,0,
Minimum <0.0100 <0.0100 <0.0100 0.3410 <0.0100

Maximum 0.2470 0.0300 0.0220 1.2790 0.0770
Mean 0.0748 0.0165 0.0138 0.7839 0.0329

n 219 151 99 275 264

Y
o A ' o o 1 a J
2.9 wavouall5d1i13uaInunas Andranondambo $112U 14 @061 3 103 39NN

Anb (14/103) TiO, V,0, Cr,0, FeO Ga,0,
<0.0100 <0.0100  <0.0100  <0.0100 0.0371 <0.0100
Maximum 0.1920 0.0340 0.0230 0.8390 0.0350
Mean 0.0557 0.0158 0.0134 0.4033 0.0200
n 94 53 47 103 67




1.10 waosusllTWSwandainuwias llakaka
] d’d ]
NN

] o [ 1 a 4
1) HUINDI UIU 7 AIDYN 185 YAUATIEH

Tk 1-1-x (7/85) TiO, V,0, Cr,0, FeO Ga,0,
Minimum <0.0100 <0.0100 <0.0100 0.0140 <0.0100
Maximum 0.4520 0.0320 0.0280 0.2690 0.0300

Mean 0.1005 0.0182 0.0152 0.0776 0.0168
n 82 60 33 85 41

2) waiudin $1wau 10 daede dl 117 99dmser

Tk 1-2-x (10/117) TiO, V,0, Cr,0, FeO Ga,0,
Minimum 0.0200 <0.0100 <0.0100 0.0370 <0.0100
Maximum 0.1650 0.0270 0.0260 0.4250 0.0350

Mean 0.0671 0.0163 0.0154 0.1324 0.0178
n 117 72 41 117 70

3) waeeu i liszuanaswiungula i@ : k(o) naz Tk 2-1-x

] a o [ 1 a 4
4) nidunue 3mIu 3 aedn U 63 YAUATITN

Tk 1-4-x (3/63) TiO, V,0, Cr,0, FeO Ga,0,
Minimum 0.0220 <0.0100 <0.0100 0.0480 <0.0100
Maximum 0.3250 0.0340 0.0260 0.1510 0.0320

Mean 0.0882 0.0193 0.0147 0.0961 0.0174
n 63 46 18 63 26

9
T W

5) SWnqUATIMINNILA (TIk 1-1-x, 1-2-x, 1-4-x) 149U 20 #2061 1 265 9AAATIZH

Tk 1-x-x (20/265) TiO, V,0, Cr,0, FeO Ga,0,
Minimum <0.0100 <0.0100 <0.0100 0.0140 <0.0100
Maximum 0.4520 0.0340 0.0280 0.4250 0.0350

Mean 0.0826 0.0177 0.0152 0.1062 0.0174

n 262 177 93 265 136




1 tﬂ' = 1
ngui Tifinai

' 12 [ 1 [ o o 1 = a J
6) ﬂij‘ﬂJﬁlﬁthiJﬁ FINNUNYUHUUIDDU TUIU 8 ATV U 14 9AUATIEH

Tlk(c), 21-x, 1-3-x(8/14) TiO, V,0, Cr,0, FeO Ga,0,
Minimum <0.0100  <0.0100  <0.0100 0.0400 <0.0100
Maximum 0.0600 0.0180 0.0200 0.3460 0.0270

Mean 0.0185 0.0160 0.0163 0.1756 0.0215
n 10 3 4 14 2
7) nguAMaes S 15 @061 31 29 9aRTIEH
TIk(y), 2-2-x (15/29) TiO, V,0, Cr,0, FeO Ga,0,
Minimum <0.0100  <0.0100  <0.0100 0.0260 <0.0100
Maximum 0.0930 0.0210 0.0220 0.7980 0.0340
Mean 0.0297 0.0136 0.0138 0.1436 0.0187
n 6 11 12 29 13
8) nRUARN $1mIU 12 A0 il 24 9ATATIEH
11k(0), 2-3-x (12/24) TiO, V,0, Cr,0, FeO Ga,0,
Minimum <0.0100  <0.0100  <0.0100 0.0510 <0.0100
Maximum 0.0230 0.0200 0.0260 0.3730 0.0320
Mean 0.0144 0.0141 0.0175 0.1408 0.0158
n 14 7 16 24 9
9) NGUABNY WU 6 AIWEN T 15 ANATIEH
Tlk 2-4-x (6/15) TiO, V,0, Cr,0, FeO Ga,0,
Minimum <0.0100  <0.0100  <0.0100 0.0450 <0.0100
Maximum 0.0180 0.0250 0.0260 0.0940 0.0270
Mean 0.0130 0.0174 0.0182 0.0737 0.0189
n 9 5 11 15 9




1 o Y] 1 a I'd
10) NQUATEI U 16 AIBIN T 27 JAUATILH

Tlk(g), 2-5-x (16/27) TiO, V,0, Cr,0, FeO Ga,0,
Minimum <0.0100  <0.0100  <0.0100 0.2420 <0.0100
Maximum 0.0300 0.0210 0.0290 0.8860 0.0280

Mean 0.0155 0.0150 0.0170 0.5679 0.0197
n 15 9 10 27 17
11) nguaih $1uau 14 dred @i 31 9@dmszr

TIk(b), 2-6-x (14/31) TiO, V,0, Cr,0, FeO Ga,0,
Minimum <0.0100  <0.0100  <0.0100 0.0860 <0.0100
Maximum 0.0520 0.0250 0.0220 0.5940 0.0230

Mean 0.0214 0.0164 0.0146 0.3043 0.0149
n 28 15 14 31 15
12) nguaeAenuziiie (purple) :112U 11 #0619 1 24 9@TATIEH

Tlk(p), 2-7-x (11/24) TiO, V,0, Cr,0, FeO Ga,0,
Minimum <0.0100  <0.0100 0.0160 0.0570 <0.0100
Maximum 0.0320 0.0270 0.0830 0.4460 0.0340

Mean 0.0157 0.0155 0.0482 0.1738 0.0176

n 20 14 24 24 16

13) Ngu9ABNoRYFU (violet) 11U 8 10810 T 17 9aAATIZH
1Ik(v) (8/17) TiO, V.0, Cr,0, FeO Ga,0,
Minimum <0.0100  <0.0100  <0.0100 0.0910 <0.0100

Maximum 0.2270 0.0480 0.2690 0.5710 0.0380
Mean 0.0454 0.0241 0.0828 0.2668 0.0206

n 15 14 16 17 7




1 § ] ] aa/' 1 % 1 a J
14) Swnqui v mMavue Ik(x) 1ag Tk 2-x-x NANGN 591 90 A0 § 181 A UATIZH

Ik clear (all) (90/181) TiO V,0, Cr,0, FeO Ga,0,
Minimum <0.0100 <0.0100 <0.0100 0.0260 <0.0100
Maximum 0.2270 0.0480 0.2690 0.8860 0.0380

Mean 0.0219 0.0169 0.0333 0.2463 0.0181
n 117 78 107 181 88

= a ¢\ (Y]
mﬂﬂ%ﬂumsmwmmmwnauuawmmmﬂamam

M3 3 uaaamsnlTeumesna R assinasigsedseslunassnesuANNOULAZ HAINITNAADY
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w1 Taensen ludwrian Inameanuinge

H 1 { a 4 1 v W o o 4
Vl'lﬁ]\‘iﬁ 3 ?ﬂmaﬂﬂiiJTﬂ!ﬂﬂﬂul“ﬁﬂGUﬂﬂ‘EWSﬂiﬂﬁiﬂﬂﬁluWﬁﬂﬂﬂ@iu@ﬂﬁnﬂuﬂﬁﬂﬂNﬂ UBDINIAINANIT

a d [%
INNITAUATICHNOULASHTAINTTNAQADIUNT

, , AuRae3a trace element oxides (wt%)
urias / ngu , » ;
NOUHINT HAUN AINUANA N
TiO, 0.0252 0.0338 -0.0086
Anm
V,0q 0.0224 0.0216 0.0008
Number of analysis
Cr,0, 0.6508 0.5889 0.0619
before : after
FeO 0.3525 0.4054 -0.0529
95:139
Ga,)0, 0.0176 0.0165 0.0011
TiO, 0.0480 0.0557 -0.0077
Anb
V,0; 0.0132 0.0158 -0.0025
Number of analysis
Cr,0, 0.0104 0.0134 -0.0030
before : after
FeO 0.3720 0.4033 -0.0310
88 :103
Ga)0, 0.0196 0.0200 -0.0004
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u¥ad / ngu

AuRag33n trace element oxides wt%)

AAMIAN AWM ANNUANAIY
TiO, 0.0139 0.0148 -0.0009
Vam
V,0; 0.0288 0.0287 0.0000
Number of analysis
Cr,0, 0.3998 0.3979 0.0019
before : after
FeO 0.2273 0.2275 -0.0002
13:16
Ga,)0, 0.0168 0.0178 -0.0011
TiO, 0.0579 0.0801 -0.0222
Dig (b+bc)
V,0; 0.0133 0.0172 -0.0039
Number of analysis
Cr,0, 0.0108 0.0137 -0.0029
before : after
FeO 0.7988 0.8003 -0.0015
43:58
Ga,0, 0.0426 0.0334 0.0091
TiO, 0.0540 0.0689 -0.0149
Dig (yc)
V,0; 0.0128 0.0162 -0.0034
Number of analysis
Cr,0, 0.0100 0.0136 -0.0036
before : after
FeO 0.7931 0.7974 -0.0043
91:90
Ga,)0, 0.0338 0.0344 -0.0007
TiO, 0.0346 0.0268 0.0078
Dig (cc)
V,0q 0.0114 0.0171 -0.0057
Number of analysis
Cr,0, 0.0106 0.0139 -0.0033
before : after
FeO 0.5504 0.5163 0.0341
29 :46
Ga,0, 0.0416 0.0304 0.0112
TiO, 0.1029 0.1039 -0.0010
Dig (y)
V,0q 0.0140 0.0161 -0.0021
Number of analysis
Cr,0, 0.0100 0.0139 -0.0039
before : after
FeO 0.8958 0.9090 -0.0132
58 : 81
Ga,)0, 0.0405 0.0322 0.0083
TiO, 0.0662 0.0748 -0.0086
Dig (All)
V,0; 0.0131 0.0165 -0.0034
Number of analysis
Cr,0, 0.0097 0.0138 -0.0041
before : after
FeO 0.7893 0.7839 0.0055
221:275
Ga,0, 0.0384 0.0329 0.0055




M3519N 3 (519)

uHad / ngu

AuRae3aNa trace element oxides (Wt%)

noUIAN AN ANUUANAIY
TiO, 0.1051 0.1005 0.0047
Ik 1-1-x
V,0; 0.0166 0.0182 -0.0016
Number of analysis
Cr,0, 0.0100 0.0152 -0.0052
before : after
FeO 0.0527 0.0776 -0.0249
109:117
Ga,0, 0.0136 0.0168 -0.0031
TiO, 0.0643 0.0671 -0.0027
Ik 1-2-x
V,0q 0.0149 0.0163 -0.0014
Number of analysis
Cr,0, 0.0100 0.0154 -0.0054
before : after
FeO 0.1004 0.1324 -0.0319
96 :117
Ga,)0, 0.0161 0.0178 -0.0018
TiO, 0.1739 0.0882 0.0856
Ik 1-4-x
V,0; 0.0221 0.0193 0.0028
Number of analysis
Cr,0, 0.0100 0.0147 -0.0047
before : after
FeO 0.0942 0.0961 -0.0019
62 : 63
Ga,0, 0.0133 0.0174 -0.0041
TiO, 0.1062 0.0826 0.0236
Ik 1-x-x
V,0q 0.0173 0.0177 -0.0005
Number of analysis
Cr,0, 0.0102 0.0152 -0.0049
before : after
FeO 0.0806 0.1062 -0.0256
267 : 265
Ga,)0, 0.0146 0.0174 -0.0029
TiO, 0.0253 0.0185 0.0068
Ik (c), 2-1-x, 1-3-x
V,0; 0.0120 0.0160 -0.0040
Number of analysis
Cr,0, 0.0167 0.0163 0.0004
before : after
FeO 0.1918 0.1756 0.0162
11:14
Ga,)0, 0.0229 0.0215 0.0014
TiO, 0.0145 0.0297 -0.0152
Ik (y), 2-2-x
V,0; 0.0126 0.0136 -0.0010
Number of analysis
Cr,0, 0.0117 0.0138 -0.0021
before : after
FeO 0.1020 0.1436 -0.0416
25:29
Ga,0, 0.0172 0.0187 -0.0015




M3519N 3 (519)

, , AundeSana trace element oxides (wt%)
urias / ngu , » :
NOUINT HadW ANNUADAN
TiO, 0.0122 0.0144 -0.0022
1k (o), 2-3-x
V,0; 0.0115 0.0141 -0.0026
Number of analysis
Cr,0, 0.0133 0.0175 -0.0042
before : after
FeO 0.1272 0.1408 -0.0136
22:24
Ga,0, 0.0146 0.0158 -0.0011
TiO, 0.0121 0.0130 -0.0009
Ik 2-4-x
V,0; 0.0138 0.0174 -0.0036
Number of analysis
Cr,0, 0.0335 0.0182 0.0153
before : after
FeO 0.0521 0.0737 -0.0215
15:15
Ga)0, 0.0168 0.0189 -0.0021
TiO, 0.0172 0.0155 0.0016
Ik (g), 2-5-x
V,0; 0.0123 0.0150 -0.0027
Number of analysis
Cr,0, 0.0140 0.0170 -0.0030
before : after
FeO 0.6055 0.5679 0.0376
16 : 27
Ga,)0, 0.0223 0.0197 0.0026
TiO, 0.0212 0.0214 -0.0002
Ik (b), 2-6-x
V,0; 0.0146 0.0164 -0.0019
Number of analysis
Cr,0, 0.0105 0.0146 -0.0041
before : after
FeO 0.3451 0.3043 0.0408
24 : 31
Ga,0, 0.0206 0.0149 0.0057
TiO, 0.0134 0.0182 -0.0048
Ik (p), 2-7-x
V,0; 0.0151 0.0155 -0.0004
Number of analysis
Cr,0, 0.0480 0.0482 -0.0002
before : after
FeO 0.2165 0.1738 0.0427
17:24
Ga)0, 0.0160 0.0176 -0.0016
TiO, 0.1006 0.0454 0.0552
1k (v)
V,0; 0.0250 0.0241 0.0009
Number of analysis
Cr,0, 0.0899 0.0828 0.0071
before : after
FeO 0.2860 0.2668 0.0192
9:17
Ga)0, 0.0198 0.0206 -0.0008




M3519N 3 (519)

, , AundeSana trace element oxides (wt%)
urias / ngu , » :
NOUINT HAUNT AINUANAN

TiO, 0.0253 0.0219 0.0034

11k clear (All)
V,0; 0.0143 0.0169 -0.0026

Number of analysis

Cr,0, 0.0308 0.0333 -0.0025

before : after
FeO 0.2307 0.2463 -0.0156

139:181

Ga,0, 0.0187 0.0181 0.0006
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Raman SEM

a A = 9 A
Nﬁﬂuﬂ!ﬂﬁlﬂﬂ’l‘ii?ﬂxﬂuiﬂﬂﬁﬂu

1. NUNNDINUKAL Andilamena

alkali feldspar 1
anorthite 4
apatite 1 4
baddelelyite 8
chlorite 1
ferropicotite 1
hibonite* 2

mica

Héanni, 2001; Schwarz and Schmetzer, 2001

apatite, rutile, zircon
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mAtnTATERR 1Y
FUAVDINANY (audiodramasuiinz ) wafufineimssean Taefoy
Raman SEM
1. NURNDINNKAY Andilamena (AD)
monazite 1 2
mullite* 3
pleonaste 1
pyrite 1
rutile 4 17
sapphirine 1
silico-ilmenite 1
spinel 1
staurolite 1 6
tieilite* 9
zircon 1 22
2. TUANINUYAY Vatomandry
apatite 1 Héanni, 2001; Schwarz and Schmetzer, 2001
baddeleyite 2
kaersutite 1 apatite, rutile, zircon
rutile 4 2
spinel* 3
thorianite 1
zircon 6

J :’ a
3.y WSty (Ve1viaed) 91n11ad Diego Suarez

analbite 1
columbite (ferro-) 4 3
melilite 1
zircon 2 1

Schwarz and others, 2000; Superchi and
others, 1997
albite, columbite, hercynite, pyrochlore,

uraninite, zircon




M3519N 4 (919)

mAAdIAT AR 19
wiAveINANY (audedmassiinsiam) vafiufinoimnenulaofou
Raman SEM
4. uw/I$§vhi3u 91nUmas Andranondambo
calcite 1 Giibelin and Peretti, 1997; Kiefert and
CO, (in negative crystal) 2 others, 1996; Milisenda and others, 2001;
diaspore 2 Schwarz and others, 1996
eastonite (mica) 1
sapphirine 1 apatite, baddeleyite, calcite, diaspore,
spinel 1 dolomite, feldspar, fluorite, hedenbergite,
thorianite 1 Mg-hornblende, phologopite, rutile, spinel,
zircon 1 thorianite-uraninite, zircon, zirconolite
5. swﬂ"lﬂsd?imnﬁmmmda Ilakaka
amphibole 1 Milisenda and others, 2001; Schmetzer,
baddeleyite 1 3 1999; Hanni, 1999
celsian (Ba-anorthite) 1
chalcocite 1 boehmite, rutile, zircon
cheralite (Ce-apatite) 1
hibonite* 1
monazite 3
rutile 3 2
xenotime 3
zircon 10 10

@ ' @ A 1 oa A Y Y
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uana iy iWumsizdiulvguessisnundnds Allayaudumsanywaiy snduauves
. . ~ Y = a o 1 d‘
Gtbelin and Peretti (1997) muumiﬁﬂymamuimmﬂmsumgmm Andranondambo [WBHA
A A = v o A . ' 3 1< @ o Y a
duiiiouneiunuila (genesis) voanaosluunasiuiunan Mldasrenuuanumainrale

¥UA

a { [ [ 1 1 [ 4
Taoagil wvanuinuaue luADTUANIINUNAIAINY YOWNAINANITAD zircon TOIAY
1170 rutile 1A baddeleyite @IUNATNUFHADUY NUBEIAI HINWIITVUINANTENUVBINANY
1 1 g 1 < 1 qaj qul
nlsngedluiionans ApMsrINABELAZAMNINNADY LA UNHININANTZNUNIAIULINIAE
9 [ A a [ A Ax 1 3 YA A 1 .
auay nanfe wanuvewsurianiswaulsznoulusialvdlunacs1d 1wy oxides
. A a g a < ] . A A
Y04 Ti taz/mie Fe mnmadluvaiuvadnuinlugluesin (mikky) w5e wmaon/luu
. o 9 A a @ [ [} a0 Y qs.;} a a A
(silky) s I nassniivaiudinaneguaasd 1ddie uonnniv siavewaiunio
1 [ a 3| v AaA ] 1 1 2 o a v o Jdo
NQN (suite) VoIUTUANY TUABIATINITOUIVONIINADINNUKHAHTIN TR udaduusY
A o A A a ' 9 2a . . ! Y9 '
nuoaiinseruulingulameldan1iznassdiine (geologic setting) 1wulalanle (wu
4 a L&Y 3 4 1 9Il
Sutherland and Schwarz, 2001) U3¢ Teminedumsastniguiogud Ae ldwnTeidn

I @ A9 A o 4 =3 ' = 9 o a
L‘]Juanummgmmammﬂw Llazﬁ”lﬂﬁﬂ‘ﬂ1681@@1&68@?{11113016]5%1?1%’@!3 FUA UASNITNISIY

o a L o g A « g . ' o w o TN < Y
@1Wamaﬂuﬂlmua@iyumzﬂumu@u 398UIND (fingerprint) ﬂizﬁnmmmﬂmmmlmamwﬂ"lﬂ

1 H I o ~ A v
Tudrvuveawansznunavavnmiulddany Ao vuia vazdSuiaveauanun
Y Y
Usingeglwiionass ldgunmveanacs Tasmwizdu clarity anas uennniy Ha
ATENUNNEITDITUMIENNABIAD VANULNYIA (1FU VaNnUYDa 1%a : fluid inclusions) 19
° 9 9 A A ' A A = A o A
Milvnwaseuan’n wIoE@eN19TLHINMSIN Futieannmsilasunilas vSovenea e
k) Y £ a S a dy @ ~ 1 a A
naNusaula Falumsasinimizrusuanuliilonaosraamsen UUsuanuUaIesiia

] v Y
tanamslasuulasndany aeil

1 = o aan o 9 QJ a 3 1 ) 1 Q) 1
€)) umamumﬂgﬂia”mimaiumuﬂmﬂum phase Tval @ wanuus rutile (TiOz)

wlfasonuaesudu (ALO,) ilu tieilite (AL TIO,)
TiO, + ALO, ——»  ALTIO,

aauaaalugii 79, 80 uag 81
o aaa o 4 ;g
Tuwensdl Tio, inlfA5e1iy ALO, uag inclusion phase 84 FUilu oxides V04 Ca,
a I ' . g . =
Mg iag Fe inailu phase 11ai11u31) oxide Y99 Al 9001 Ca, Ti, Mg tag Fe (317 82)
= a 1 . o aaa Y v v a Jg ' A
WIPUANUYDIS apatite (CaPO,) NnIeTuADTUAMAAUIS phase 1vid fD

hibonite (?) : CaAl,,0,, (37 83)
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1 a a 4 [ ] 1 4
() uswahuuNyie veeuazatoiie ldsuanuiouge udanwaniva (luawysal)

A g o ' < 1
UDLEIUNIBDYINTIALTI LYU

I~ . ! . 1]
m3sannaniilu skeleton crystal ¥4 rutile (317 84) Hazuo4 zircon (317 85)
S . . . =2
M3uananlu rounded inclusions Y04 baddeleyite tlazmMsanHantly bladed crystals

YD1 staurolite (?) (37 86)

10
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I E00pm ! Electron Image 1

I BO0pm VElectran Image 1

gﬂ‘ﬁ 79 NN back-scattered electron image (gﬂuu) 1AZN secondary electron (gﬂdn)
a 1 [ t a o a g
UAAN haloes 30U UANULLT TiOﬂuwaaaﬂﬂiuﬂu E]?QLﬂﬂﬂTﬂﬂ']ﬁlWTﬂ'lslﬁllﬂﬂlﬂu phase

113 Ao tieilite : TiO, + ALO, = ALTiO..
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100pm VElectron Image 1

4' a 1 . = 4 Y . eye . L o AP
31 80 waNuus rutile (FV12) dONTOVAY ticilite (AL TIO,) FUNAINMIHINADIADTUAY
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100pm VElectron Image 1 f 300pm VElectron Image 1

Anm 1-4-002 Anm 3-2-006

a0pm 1Electron Inags 1 S0pm TElectran image 1

Anm 3-2-006 Anm 3-2-006

T00pm TElectron Image 1 T 200pm TElectron image 1

Anm 3-2-006 Anm 3-5-008

517 81 Ufnsenszrnananuus rutile NuABSUAY WAIMIINIT1HINAA tieilite ADUTOU rutiles

Y
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f TOpm VElectron Image 1

H a 1 . o aaan [ [ 9y a  J Lo 1
31U 82 wanuus rutile (@v12) lPATenuAsSUAN (@M UTN) A tieilite (HM1BDY)
wagHangUIMaLYed phase Tna (Fmhunane) Falidadszaeuilu (Ti, Ca,

Mg, Fe) Al oxide. (Anm 4-5-004)
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f 100pm VElectran Image 1

Anm 2-1-008

! 100pm VElectron Image 1

Anm 2-1-009

:; a 1 . 1 . o Aaaa o YY) [ a I
ETJVI 83 UANULLT apatite (E‘]J‘]J‘Ll) LISl apatite “m‘ﬂ;]ﬂifnﬂUﬂaiuﬂuizwammmmﬂu

phase 1viliogs01
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f 1 00pm 'Blectron Image 1

Y ] . v o @ v J PR v I o Y <
517 84 wanus Tio, lunesuay vidsmswdlaselmauansa i ldanwaniugl

au1y5 0l 1 (Anm3-1-003)
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100um " Electron Image 1 f 30pm 1 Electron Image 1

Ik 2-5-009 Anm 3-5-020

100um 1Electron Image 1 f 40pm TElectron Image 1

Tk 2-5-009 Ik (y) 002

i VElectron Image 1

Ik 2-5-009 Ik 2-5-012

= 1

H { 1 ¢ o v o <
g‘ljﬁ 85 WANLLT zircon ﬁﬁﬂWﬁﬂhlﬂJﬁiJD"‘iﬂ! (Skeleton crystals) HANTITININDTUAN L!Z%I,'Jﬁl,ﬁjlﬂu

v 3
ANUI
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f 100pm VElectron Image 1

Y o Y 1 a 1 . 1 [}

517 86 wavesmawn i ldnguuanuus Baddeleyite (Zr0,) NUNIHANIUUYDILLS
. qe ' . a 9 ] 2K A ~ = 1
alumino-silicate Y94 Mg (115 staurolite ?) INAdONTOUDY HANTV1INANKAD 13

p P
U139l (Skeleton crystals) 9 Zircon (Anm3-5-020)
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3. MINAadUNINADEY

3.1 A

A = 0 q ¥ a ~ ad )
MIFINA0E HUITD MIVINABY 1D MInei lvinacsay Uaunnavulagly
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3T MIEWaDERaNa I FoaliiRortesfumaiiuanaislan ashufionassduiiu
maiiudvSedsingmaaiieplan vudmass Fusuiilfiasulunssuumandoud wieswd
(diffusion) H30MITNAUNTA B “arans™ Tuiionans G'T;Q”lm'ﬂi1ﬂggﬂuﬂizmuﬂﬁmimfﬁ

MAATANE NUNIU AT A1 INAI T1697U AT AR RRenns T 11 wag T
unsluaeiida @lsziny Sanziisey, 2543 ; 2545 ; weding ATusio azaay, 2541 ; Usznad weea,
2533 ; WaHY ?:uqaﬁm HATARIY, 2535 ; 2541 ; 2543 ; Twew o3eMUUR wazAe, 2521 ; 2529 ;
ANTNTTU ANZISA, 2538 ; Ayl Hdhug, 2534 5 S0 wITHAN, 2531 ; $ MITHION LA ARAB
Tnande, 2539 ; aued Ho2T35NA, 2531 ; gHIANG A3 Inenaiian uazaae, 2541 ; 2543 ; gahdl
gﬁJﬁ[’J‘i‘im uazAnLY, 2536 ; BAANUAL IANA, 2542 ; BT BIzdaniana uavAwY, 2540 ; Abraham,
1982 ; Crowningshield and Nassau, 1981 ; Ediriweera and Perera, 1989 ; Ediriweera and others, 1991 ;
Emmett, 1999 ; Emmett and Douthit, 1993 ; Gunaratne, 1981 ; Gunawadene, 1984 ; Hughes, 1997 ;
Jobbins, 1971 ; Maxwell, 2002 ; McClure and others, 1993 ; McClure and Smith, 2000 ; Nassau, 1981;
1984a ; 1984b ; 1994 ; 1999 ; Pemadasa and others, 1994 ; Perera and others, 1991 ; Peretti and
Gunther, 2002 ; Sasaki, 1980 ; Schmetzer and others, 1983 ; Schmetzer and Kiefert, 1990 ; Themelis,
1992 ; 2003 ; Thiramongkol, 1995 ; Tombs, 1980) mmsaa;ﬂmﬂﬁﬂﬁgﬁ'mﬁumnmwaaﬂﬂa%’uﬁn
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