TrBr 31-P2 -

UM 52 WallAT14 SEM Baadnatngiu TrBr 31 luduniaf 2 Swunusla 2 phases

l&uri P1 (diopsidic clinopyroxene) waz P9 (2™ material) [N1@ 71874 = 0.2 314 ]
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TrBr 31-P3 -

gﬂﬁ' 53 Wa3la31eW SEM 2a9da0enefin Trr 31 luduniisfl 3 $hunnusle 3 phases
laun P1 (diopsidic clinopyroxene), P2 (plagioclase) waz P5 (kalyphite) [1631
% = 0.2 W]
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TrBr 31-P4 -

gﬂﬁ' 5.4 Wa31e312W SEM waganagnefin Trer 31 ludunnied 4 sruunuslea 3 phases
laun P1 (diopsidic clinopyroxene), P2 (plagioclase) Liaz P5 (kalyphite) [816131
% = 0.2 W]
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TrBr 31-P5

3UN 55 WAz SEM vadeiadnafin Trer 31 ludunikafl 5 duunusle 2 phases

@A P1 (diopsidic clinopyroxene) uas P2 (plagioclase) [N1AT1&% = 0.2 W]
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6. A28819%n N 8: Pyriclasite

e

U 6-1 WATlATIEH SEM pasdnatefiu N 8 ludunien 1 $ruunusld 2 phases ldud

P8 (clinopyroxene) Las P5 (kalyphite) [N1931&8% = 0.2 U¥.]
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3UN 6-2 WATlATIEA SEM 2aseratein N 8 ludunibafl 2 $ruunusld 1 phase ldud

P87? (clinopyroxene?) [N1@31&% = 0.2 U]
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7. @28819%W TrBrc 1: Corundum — plagioclase bearing clinopyroxinite

TrBrcl1-P6

3UN 7-1 wadias1ed SEM vasdaatinediu TrBre 1 ludiunibifl 6 S1uunusle 1 phases fa

P1 (diopsitic pyroxene) [ #1a@71&3% = 0.2 44.]
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3UN 7-2 HaIAT1eA SEM 2a9dnad9fin TrBre 1 ludunibal 7 $uunuild 3 phases
laun P52/P2? (kalyphite? or plagioclase?) P7? (orthopyroxene?) LRZWWIFNNE
AURY  ULTEAR (Bs) [N1ATEIN = 0.2 W]
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750°C 1250°C
7 | CrPmo1 Integrated age: 10.07+0.06 Ma
6 | Isochron age:  9.667+0.111 Ma
:i | Reciprocal Y-intercept: 299.89 + 2.01
MSWD: 1.3335
= 13
— 12
ol
=N
= | ——
E —
S 3
- g - Plateau age: 9.85 + 0.05 Ma
7 | 4 4 steps (950-1100°C) —
B L
g I I 1 1 1 1 I L I
| CrPm01
0 F
6
o
> 12 .
3 3 <« Plateau: 4 steps (950-1100 C) —
d —
i F
0 I I L I I I I L I
CrPmo01
05
04
="t
= 03
=
02
0l <« Plateau: 4 steps (950-1100°C) —
l] | | | | | | | | |
0 1 2 3 4 o) b 1 8 9

Fraction of 39ArK Released

3N 21-1 UHRDAUAAIANHME (L) age spectra (NA19) CalK uaz (819) CIK tHauAL cumulative “Ar,

o 1 a 1 a ° < [ [
released madm’mmm%uwaa@f CrPm01 3Mnvigadi wdILNa N INIINg IRIALTEIIE
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600°C 1400°C
7 L CrPmoO4
" Integrated age: 10.41+0.10 Ma
5 Isochron age:  11.70+0.578 Ma
/ [ ] Reciprocal Y-intercept: 293.01 + 1.59
T o | MSWD: 1.0307
= 13
=
=L
a S
@ 0+
=
=< 9 F
g F Plateau age: 10.61 + 0.08 Ma
7k “ 6 steps (800-950°C) >
E -
g I I 1 L L 1 L I I
[ CrPmo04
ol r
40 |
o n
= 3t
o - . _050°
o0 b - Plateau: 6 steps (800-950 C) >
0 r |
[I r 1 1 1 1 1 1 1
035+ CrPmo4
03 r
025
=mt
o ]
05 k- - Plateau: 6 steps (800-950 C) >
o r |
005 ' —
: 1 1 1 1 1 1 1 1
0 I 2 3 4 3 b 7 8 9

Fraction of 894rK Released

31U 21-2 uHRDAUAAIANHME (L) age spectra (Na19) Ca/K uaz (819) CIK tHauAL cumulative “Ar,

o 1 a 14 1 a ° < [ o
released 209708 W UzBa’c CrPm04 INNKYDNHWDUNDWNNIINE INIALTLIIE
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600°C 1350°C
- POWc02
d Integrated age: 9.60+0.07 Ma
I F Isochron age:  9.579+0.261 Ma
14 : Reciprocal Y-intercept: 303.69 + 10.137
=7 - MSWD: 1.9837
= 12 F
2 L
<= |0 F
E -
2 8 r Ijj D:
[~ L
L o
o =
i Plateau age: 9.84 + 0.06 Ma
i 12 steps (650-975°C) g
7 +
: [ 1 1 | 1 | | | 1 1
- POWec02
n
20 |+
6 F
- B
= 12 F
=3 -4— Plateau: 12 steps (650—975°C) —>
g
o |
l:l I 1 1 1 1 1 1 1 1 1
PbWec02
0075
S o
— [05 h<——— Plateau: 12 steps (650-975 C) .
Fs -
i —r
0025 |
[I 1 1 1 1 1 1 1 1

0 1 2 3 4 5 B N 8 9
Fraction of 39ArK Released

3N 21-3 uRBDAUAAIAN B (L) age spectra (NA19) Ca/K Uag (A1) CUK gy cumulative “Ar,

released 2990208 19RWULBOAG PbWC02 IMNULDNRWUNDINTYTYT IINIA mey,‘mi
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700°C 1450°C
BrMu03

9 Integrated age: 0.22+0.02 Ma

g F Isochron age:  0.727+0.068 Ma

7 F Reciprocal Y-intercept: 153.65 + 40.36
© Bk MSWD: 1.6065
=
& 5
-]
s 4T
= 37
= 2

| < Plateau age: 0.32 +0.01 Ma |

4 steps (850-1000°C)

BrMuo3

Ca/K

0« Plateau: 4 steps (850-1000°C) N

D t 1 t I I I 1 L L

008 + BrMuo3
007 |
006 |
005

004 Plateau: 4 steps (850-1000°C) ,

o

002 -
0o

] 1 1 1 1 1 1 1
I} 1 2 3 4 5 b N 8
Fraction of 39ArK Released

CI/K

=]

3N 21-4 unnDAUAAIANBILE (L) age spectra (NA19) Ca/K Uag (A1) CUK gy cumulative “Ar,

a 1 a I3 1 a o -~ L o A €
released 2adMIdNRWULTDAE BrMu03 3nngaNinaitnatioag 'i]\‘i‘lﬂ')@]‘i,!ii&lﬂ
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800°C 1450 °C
: L BrMu04 Integrated age: 0.34+0.02 Ma
8 F Isochron age:  0.449+0.053 Ma
7 L Reciprocal Y-intercept: 294.36 + 2.89
— B L MSWD: 1.4287
=
= 9
2,
i q B
=
& 9 [
=
<€ ] | ¢—— Plateau age: 0.43 +0.02 Ma _
[ 5 steps (850-1050°C)
_] 1 ] 1 1 1 1 1 |4||:'l:]:h(
BrMu04
30 +
5+
s 20 [
-
m
&5k
0 | .
_ Plateau: 5 steps (850-1050 C)
g | < >
B I

g L BrMu04

006

CI/K

Plateau: 5 steps (850-1050°C)

004 :1— — 4_rj

002 +

[l 1 1 1 1 1 1 1 1 1

2 3 4 5 B N a -
Fraction of 39ArK Released

31U 21-5 UNRDAUAAIAN ML (L) age spectra (NA19) CalK Uaz (19) CUK inuny cumulative *Ar,

%) 1 a I3 ] a ) =1 > > S o &
released 229A9gNinUETaa® BrMu04annigaivinaitnaliiadg WHINLINE
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600°C 1450°C
LUbNy05
9+ ! Integrated age: 3.04+0.03 Ma
R L Isochron age:  3.072+0.204 Ma
___ n Reciprocal Y-intercept: 302.20 + 15.41
o [
= MSWD: 1.6954
e § F
cn
<< r
T 9|
vk ]
e
3 | — _-:.ZD::E
7 b
Plateau age: 3.14 + 0.03 Ma
|+ o —
6 steps (750-1000 C)
0 1 | 1 1 I 1 1 I |
30k UhN",‘DS
ar
=< 70 |
m
=5t
Il } <« Plateau: 6 steps (750—1000°C) >
5 B I
n ‘—'—l'_lI I 1 1 1 1 L 1
UbNy05
0075
% o5 h < Plateau: 6 steps (750-1000°C) N
= L
0025
[l 1 1 1 1 1 1 1 1 1

=

0 1 2 3 4 5 B ) 8
Fraction of 39ArK Release

311 21-6 UNRDAUAAIAN ML (L) age spectra (NA19) CalK Uaz (19) CUK inuny cumulative *Ar,

released 2096108 19ARU TR UbNy05 Mnwdaainatnani@ndininauaszasii



600°C

1250°C

CDKI01

| oo o

Apparent Age (Ma)
I

Integrated age: 2.20+0.03 Ma

Isochron age:

Reciprocal Y-intercept: 502.98 + 74.56

MSWD: 1.0541

1.457+0.296 Ma

Plateau age: 1.94 + 0.02 Ma
5 steps (700-825°C)

=2
I

4 CbK101

Ca/K

<

Plateau: 5 steps (700-825°C)

103 | CoK101

CI/K

Plateau: 5 steps (700-825°C)

1 1

a4

9

P

]

7 8

Fraction of 33ArK Released

3N 21-7 uHRDAUAAIAN ML (L) age spectra (NA19) Ca/K Uaz (19) CUK inuny cumulative *Ar,

=

released 299A20819AWUZBDA6 ChKIOT IMNUALDNENTUNDVRI WIWIAIUNYT
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600°C 1200°C
TrNbO1
9 F Integrated age: 0.65+0.01 Ma
g Isochron age:  0.715+0.073 Ma
. Reciprocal Y-intercept: 295.92 + 8.01
— ' r
<z _ MSWD: 1.7603
o ar
N
- -
“— J [
==
E I
e
=N
- 3 L
' Plateau age: 0.69 + 0.01 Ma
I 9 stens (600-925°C) —
| k
1 ——
n | | 1 1 1 1 | 1 1
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% IrNbo1
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«——— Plateau: 9 steps (600-925 C) —_—
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IrNDO1
0010 -
- 0075
~ «——— Plateau: 9 steps (600-925°C) —_
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0030
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0025
[I 1 1 1 1 1 1 1 1 1
2z 3 4 3 BT g 9 |

Fraction of 39ArK Release
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311 21-8 UHRDAUAAIAN ML (UMh) age spectra (NA19) Ca/K Uaz (19) CUK inuny cumulative *Ar,

released 2a9M20819RRUBOAG TrNb01 1N DNRWIIRHRWAIVDWONBUB LS WA
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600°C 1300°C
9+ IrBro4 Integrated age: 1.59+0.08 Ma
gL Isochron age:  1.396+0.09 Ma
- Reciprocal Y-intercept: 294.82 + 0.26
— ! I~
Em i MSWD: 1.1845
w I
=N oo
=C
= J
@
S %
=T
=T 3 ¢ Plateau age: 1.33 + 0.09 Ma >

6 steps (600-950°C)

0 1 I L L L ’_i—l'— L L

S0 + TrBro4
a0
o0 |
al +
40
30 .
70 ¢ Plateau: 6 steps (600-950 C) >

Dr |
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Ca/K

IrBro4
0075 -

* Plateau: 6 steps (600-950°C) >

CI/K

0050
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0025

[I 1 1 1 1 1 | |
0 | i I 4 5 6 7 8 3 |

Fraction of 39ArK Released

311 21-9 UHRDAUAAIAN ML (L) age spectra (NA19) Ca/K Uaz (19) CUK inunl cumulative *Ar,
released 2090208 19ABLBOAG TrBro4 NN aNRRIINAADIEK B 1tnalals 9KIA
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700°C
IrBrO7
= ntegrated age: 1.44+0. a
g Integrated 1.44+0.05 M
8 L Isochron age: 3.080+0.279 Ma
7 Reciprocal Y-intercept: 258.92 + 6.00
Em 5 L MSWD: 1.8941
o
n
=T 5 |
=
m »
s 4 F
E Plateau age: 1.60 + 0.05 Ma
3+ 0
“ 6 steps (800-1050°C) >
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0100 +
B 0075 "¢———— Plateau: 6 steps (800-1050°C)
E i [——
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[I 1 1 1 1 1 1 1 1 1

1200°C

i 3 4 5 b N 8 g
Fraction of 39ArK Released
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31N 21-10 URBDAUFAIA NI (UK) age spectra (NA19) Ca/K WAz (319) CUK LN8UNU cumulative

o 1 '3 1 a o 1 1@ [
39AI'K released mam’mmaﬁ%uwaam TrBr07 ﬁl’]ﬂﬁﬁla&ﬁ%ﬁ'\%ﬂaﬂ\‘ltﬁ% altnay Elli INIA
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Ruby-bearing xenoliths: new evidence and another
possibility of Thai-corundum genesis
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Extended Abstract

Based on several field evidences, the alkali basaltic rock exposed in the
vicinity of Borai area in Trat province is proved to be a corundum-carrying type. The
newly-found corundum(ruby)-bearing xenoliths enclosed within the basalt, classified as
basanite with olivine and nepheline normative, are the most essential clue among them.
This discovery yields a rare opportunity to investigate the conditions under which Thai
ruby could have been formed underneath the earth crust.

Petrologically, the ruby-bearing xenoliths have compositions ranging between
garnet clinopyroxenite and garnet-bearing pyriclasite (Figure 1A-1D). The xenoliths
exhibit metamorphic textures of granoblastic, equigranular and polygonal with 120° triple
junction grain boundaries (Figure 2A-B). They consist of green diopsidic clinopyroxene
(25-95%), plagioclase (0-45%), kalyphitic garnet (0-20%), purplish pink to magenta
corundum (5-50%), and spinel (0-2%). However, majority of the xenoliths observed
normally comprise only 2 phases-clinopyroxene and ruby. Ruby is textural equilibrium
with clinopyroxene and garnet and some grains are enclosed entirely within those
minerals (Figure 2C-D). Ruby gains are barely observed to have direct contacts with
plagioclase, except one specimen that found a large corundum grain mantling plagioclase.
Chemically, clinopyroxene contains high portion of Ca-Tschermax and plagioclase has
about Ang content. Garnet grains are wholly converted to kalyohite, but still retain high
Mg content suggesting pyropic origin. Spinel has high chrome content, 60-65%Cr,O3 by
average. By compilation with previous related studies, the formation of these xenoliths is
likely constrained to a high-pressure metamorphic process within the upper mantle-lower
crust transitional zone (Kornprobst et al., 1990; Sutthirat, 2001; Morishita and Arai, 2001;
Promprated et al., 2003; Morishita et al., 2004) and ruby possibly crystallized by the
reaction: plagioclase + spinel = 2 corundum + diopside, under an approximate P-T
ranges of 1.5-1.8 GPa and 1,100-1,200 °C, at equivalent depth of around 50-60 km.
beneath the surface and latterly was brought up by basaltic magma.

Significantly, this finding reveals parts of the long-been mystery of the true
origin of Thai corundum particularly of red variety, widely known as Siamese ruby;
although the figure of original parental rock type prior to transformation as well as the
actual process cannot be obtained at this point. The ruby-bearing xenoliths themselves,
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then, have ruled the once-favored idea proposed corundum directly crystallizing from the
corundum-carrying basaltic magma (Barr and Macdonald, 1977; Vichit et al., 1978) out of
a possible genesis model of the ruby from this area. They also put further constraints
ensuring that the genesis of the ruby could actually be somewhat different from those of
sapphire found elsewhere in Thailand, even that from Chantaburi in the same Eastern gem
field as suggested by some authors (e.g. Pisutha-Arnond et al., 1998; Sutthirat, 2001;
Promprated et al, 2003).

Fig. 1 Showing ruby-bearing xenoliths from Ban Muendan-Ban Klong Sano basaltic field.
A) A garnet clinopyroxinite (the specimen belongs to Rak Hansawek) show a good
reddish color of ruby grains scattering within green clinopyroxene matrix. B) The garnets
(Grt) were entirely kaltphitized. C) A clinopyroxinite specimen, the most commonly
found, comprises only clinopyroxene (Cpx) and ruby (Crn). D) A pyriclasite specimen,

containing large portions of both ruby (Crn) and plagioclase (PI), is enclosed in fresh
basalt.
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Fig. 2 Photomicrographs show rock textures of ruby-bearing xenoliths under PPL (left)
and XPL (right). The scale bars are 500 microns. A-B) The rock contains ruby (Crn),
clinopyroxene (Cpx), and plagioclase (PI) exhibiting polygonal texture. C-D) The rock,
comprising kalyphitic garnet (Grt), clinopyroxene (Cpx) and ruby (Crn), display prismatic
laths of corundum enclosed within Cpx grains and some those in turn wrapping Cpx
inside. All garnet grains are converted into katyphites. E-F) The rock is composed of
greenish brown spinel (Spl), clinopyroxene (Cpx) and kalyphitic garnet (Grt). Some
clinopyroxenes have reaction rinds around the grains.
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Fig. 3 Photomicrographs taken under reflected light (left) are compared to a suite of SEM
images (right) of 4 selected elements; i.e. alumina (Al), magnesium (Mg). Blue dashed
frames represent the scanned areas. A) 3 phases; corundum (P/), clinopyroxene (P2) and
plagioclase (P3), can be identified. Corundum is outstanding by its high Al, but nil in
other contents. Plagioclase can be differentiated from clinopyroxene by lower contents of
Al, Mg, and Ca. B) Kalyphitic garnet phase (P4) is distinguished by lower Si and Ca, but
slight higher in Al and Mg compared to clinopyroxene. The SEM images, particularly of
Ca, display closed textural relationship between corundum and clinopyroxene; of which
the clinopyroxene is both mantling and enveloping corundum. C) Spinel (P5) can be
noticed by its pronouncingly high Al and Mg content, but low in others.
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ABSTRACT

This paper reports initial investigation on the newly-discovered the corundum(ruby)-bearing xenoliths to
constrain the origin of the so-called “Siamese ruby.". These xenoliths are enclosed within a fresh alkali basaltic
flow of the eastern gem field of Thailand. The xenoliths are classified as “corundum-plagioclase-bearing garnet
clinopyroxenite.” They exhibit metamorphic textures, commonly with 120° triple junction grain boundaries. The
mineral assemblage is composed of diopsidic clinopyroxene, plagioclase, kalyphitic garnet, corundum (of ruby
variety), and spinel. The petrographical characteristics suggest the xenoliths were formed under a high-pressure
metamorphic process and the ruby was possibly generated by the reaction: Plagioclase + Spinel = 2 Corundum +
Diopside, within a possible P-T range of 1.5-1.8 GPa and 1,100-1,200 °C. Significantly, this finding confirms that
the formation of Thai ruby was pre-existed prior to the eruption of the basaltic magma, but not crystallized from the
magma. Additionally, the xenoliths yield genetic constraints ensuring the formation of the ruby is actually different
from that of the sapphire found elsewhere in Thailand. Nevertheless, further detail investigation on mineral
chemistry need to be undertaken to better quantify the genesis of the ruby.

Keywords : ruby -bearing xenolith, corundum genesis, alkali basalt, Thailand




The 2" International Gem & Jewelry Conference (GIT 2008)
December 11-14, 2008, Bangkok and Kanchanaburi, Thailand

Genetic Constraints of Siamese Ruby: Evidence from
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Extended Abstract

Corundum-bearing xenoliths are very crucial for solving the enigmatic origin
of the basalt-related corundum, but they are rarely obtainable for detail
investigation until recently. This article is aim to report on investigation results
based upon field relationship evidences, petrographic study and multi-element
SEM scanning done on corundum(ruby)-bearing xenoliths collected from the
eastern gem field of Thailand in the vicinity of Amphoe Bo Rai, Trat province
(Figure 1). These xenoliths were found enclosed within a fresh alkali basaltic flow,
chemically classified as “foidite-basanite” with olivine and nepheline normative.
Additionally, a new “°Ar/’Ar age of the host basalt is provided to constrain the
time of eruption. As a suit these ruby-bearing xenoliths are classified as a
“corundum-bearing clinopyroxenite.” They exhibit granoblastic polygonal textures
and contain an assemblage of emerald-green clinopyroxene (25-95%), plagioclase

(0-45%), kalyphitite after garnet (0-20%), purplish pink-magenta-red corundum (5-
50%), and spinel (0-2%). The corundum is in equilibrium, both texturally and

chemically, with the clinopyroxenes and the kalyphited garnets and some
corundum grains are enclosed entirely within those minerals (Figure 2A-B).
However, the plagioclases are never been observed in direct contact with the ruby.
According to SEM images (Figure 2C-F), the clinopyroxenes display high portion
of Ca-Tschermark. All garnets are wholly converted to kalyphite, but still retain
high Mg content suggesting pyropic origin. The plagioclases contain high An-
content. By compilation with previous related studies, the formation of these
xenoliths is likely constrained to a high P-T metamorphic process (i.e. Kornprobst
et al.,, 1990; Morishita and Arai, 2001) within the upper mantle-lower crust
transitional zone (Sutthirat, 2001), within a possible P-T range of 15-18 kb and
1,100-1,200°C (Promprated et al., 2003), and the rubies likely crystallized under
subsolidus condition by two prograde reactions;

(1) Plagioclase + Spinel = 2Corundum + Diopsidic pyroxene and

(2) 3Plagioclase + 3Spinel = 4Corundum + Pyrope + Grossular
These ruby-bearing clinopyroxinites could possibly be transformed from an alkali
basaltic/gabbroic protolith that was brought down by subduction (Morishita et al.,
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2004) during the Shan-Thai-Indochina plate collision event.

Significantly, this finding confirms that the formation of Thai ruby was already
pre-existed prior to be involved with the host basaltic magmas, but not directly
crystallized from the hosts as previously proposed (i.e. Barr and Macdonald, 1977;
Vichit et al., 1978). These xenoliths yield an additional genetic constraint ensuring
that the formation of the ruby is actually different from that of the sapphire found
elsewhere (i.e. Coenraads, et al., 1990&1995; Pisutha-Arnond et al., 1998&1999;
Limtrakun et al., 2001; Sutthirat, 2001; Promprated et al, 2003; Sutherland et al,
2003). The new *"Ar/’Ar age, 1.33+0.09Ma, together with the other existing
radiogenic ages of nearby ruby-bearing basalt patches (Barr and Macdonald, 1977,
Sutthirat et al, 1994; Chualaowanich et al, 2008) all point out that the eruption
episode of these magmas was confined to Cenozoic, but periodically occurred at
least 3 times during Pleistocene. Nonetheless, more detail investigation on mineral
chemistry is needed to be undertaken to better quantify the genesis of the ruby.

Keywords: Siamese ruby, corundum-bearing xenolith, alkali basalt, “Ar/*’Ar Age,
Cenozoic.
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Figure 2 Photomicrographs taken under reflected light showing rock textures of the
ruby-bearing xenoliths (A-B) are compared to a suite of multi-element
SEM images (C-F) of 4 selected elements; i.e. alumina (Al, in pink),
magnesium (Mg, in blue), calcium (Ca, in green) and silicon (Si, in grey).
Blue dashed frames represent the scanned areas. E and D represent Al-Mg-
Ca color combination. The scale bars are 500 microns.
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Extended Abstract

The present study carried out geochemical analyses and *“’Ar/*’Ar incremental
heating experiments on 2 groups of whole-rock specimens taken from 5 discrete
patches of Cenozoic basalts in Thailand (Figure 1), in order to define their eruption
ages and to compare with the available radiogenic ages of basaltic bodies distributed
nearby. The first group specimens (TrNbO1, TrBr07, and CbKI01) were collected
from the Chanthaburi-Trat gem (corundum) field of the east. They unconformably
overlie Triassic clastic strata of Pong Nam Ron Formation (Chualaowanich, 2004).
Whereas, the second group specimens were collected from the northeast provinces,
which are Burirum (BrMu04) and Ubol Ratchthani (UbNy05). In the field, the
basaltic bodies of second groups are underlain by Cretaceous red-bed formations of
Khorat Group, namely Maha Sarakham and Khok Khruat Formation, respectively
(Department of Mineral Resources, 1987). Geochemically, basalts of the first group
are all plotted within “basanite” field and those of the second group are defined as
“trachybasalt” (Figure 2a). All the samples exhibit chemical composition of high
alkalic series, falling in the field of alkali basalt toward the foidite bound (Figure 2b).
Trace-element discrimination plots (Figure 3a-c) also suggest that all the samples are
of a within-plate alkali affinity, generated under a rifting environment. The chemical
compositions of all samples are shown in Table 1.

Geochronologically, all the samples, along with LP-6 biotite standards, were
irradiated at the VT-C position of Tsing-Hua Open-Pool Reactor (THOR), for 30hrs.
The irradiated samples were later heated stepwisely using a double vacuum Ta
furnace, and the gas was analyzed VG1200 mass spectrometer at the Department of
Geosciences, National Taiwan University. Detailed analysis procedure was outlined
by Lo et al. (2002). The experiments yield well defined plateaus for most samples,
except TrBr07. The plateau ages are 0.69+0.01, 1.60+0.05 and 1.94+0.02Ma for the
specimens from the east and 0.43+0.02 and 3.28+0.03 Ma for those from the
northeast. These ages are generally concordant with their respective total-fusion ages
(Figure 4).

These new Ar ages are generally consistent with the published K-Ar and
fission track ages obtained from nearby basaltic bodies, but all of the new ages appear
to be younger and better confined. The discrepancy of ages observed among the
specimens from different basalt patches implies that there were periodically eruption
events, but not voluminous at the time, during the Neogene Period. The age data
suggest the eruption began as early as Late Pliocene, starting in the eastern-most of
the NE region. It is also suggested that the Chanthaburi-Trat gem field was formed by
the eruptions of multiple corundum-bearing basalts during Pleistocene Times. In



addition, the age obtained from BrMu04 (0.43+0.02Ma) is the youngest one that has
ever been reported in Thailand, compared to Mae Tha basalt (0.59+0.05Ma in
Sutthirat et al., 1995) exposed in Lampang province of the north and Tha Mai basalt
(0.44+0.11Ma in Carbonnel et al., 1972) cropped out in the western part of
Chanthaburi. These Cenozoic eruptions are thought to be consequences of
Neotectonic activities (Bunopas and Vella, 1992 and Charusiri et al., 2002).

Key words: “’Ar/*’Ar ages, Alkali basalt, Corundum-bearing, Cenozoic, Thailand
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Table 1 Major (wWt%), selected trace
element and REE compositions
for the samples.

Sample CbKI01 TrNb01 TrBr07 BrMu04 UbNy05

Figure 1 Map showing available Ar-Ar ages of
basaltic bodies distributed in Thailand
and sample locations collected for this
investigation (modified after Sutthirat
et al., 2005).

SiO, 4460 4150 4180 49.20 46.90
TiO, 2.86 341 3.15 3.07 2.03
Al,O5 1290 1220 1260 14.00 1430
Fezos‘ 13.70 15.20 12.60 11.50 1240
MnO 0.22 0.21 0.17 0.14 0.16
MgO 857 824 941 695 798
CaO 936 10.30 9.93 749 797
Na,O 3.11 4.24 3.82 3.52 3.65
K;0 1.99 2.60 0.81 1.99 1.95
P05 089 128 128 059 057
Cry,03 0.03 0.00 0.02 0.03 0.03
LOI 2.66 1.50 5.32 2.03 1.57
Total " 100.89" 100.68" 100.91” 100.51" 99.51
zr 284.00 334.00 238.00 212.00 160.00
Nb 76.00 104.00 81.00 55.00 46.00
La 4820 7220 5640 20.70 26.70
Ce 9040 136.00 103.000 43.10 50.70
Pr 10.30 15.30 11.70 5.87 6.01
Nd 4190 60.80 4580 2740 24.30
Sm 8,50 11.80 9.10 7.20 5.70
Eu 3.00 3.87 3.08 2.59 1.96
Gd 9.01 11.70 9.05 6.86 6.25
Tb 1.23 1.50 1.30 0.90 0.81
Dy 6.06 7.20 5.72 4.77 446
Ho 1.03 1.21 0.97 0.74 0.76
Er 2.90 2.74 240 1.97 2.06
Tm 0.34 0.31 0.28 0.22 0.24
Yb 2.00 1.80 1.60 1.30 1.50
Lu 0.35 0.39 0.18 0.16 0.23
Y 2790 30,60 2450 20.00 20.50
Ta 4.90 6.20 4.40 3.70 3.60

Th 8.30 10.50 9.60 3.00 3.90
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Figure 2 (a) The chemical classification and nomenclature of the basaltic specimens
using the TAS diagram of Le Maitre et al. (1986) with line separating fields
of alkaline and subalkaline magma series of Irvine and Baragar (1971); (b)
the revised Nb/Y-Zr/Ti discrimination plot (after Winchester and Floyd,
1977 and Pearce, 1996).
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Figure 3 Discrimination diagrams for basalts based upon (a) Nb/Y-Ti/Y variation from
Pearce (1982); (b) Zr/117-Th-Nb/16 variation from Wood (1980); and (c)
Y/15-La/10-Nb/8 variation from Cabanis and Lacolle (1989).
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Figure 5 (a) Map showing available radiogenic ages of the basaltic bodies distributed
nearby, of which (I) are Ar-Ar ages from Sutthirat et al. (1994); (II)
represent K-Ar ages from Bar and Mcdonald (1981) and (III) is a fission-
track age from Carbonnel et al. (1972). (b)-(f) Diagrams showing “’Ar/*’Ar
age spectra for samples (In-age = total fusion age and Is-age = reversed

isochron age).
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