CHAPTER VI

DISCUSSION

In this chapter, the focus i important topics with respect to basaltic

generation of the study area,. tting 2) gem-bearing and -barren
- basalts 3) petrogenetic mod: ] nic@; iled discussion of individual
Jipgee -
topics are described belo (AR

Geologic Setting

Cho and the Sop Prab - Ko
ck units, suggesting that these two

suites are at least yoqjger magbs"tt‘ﬁ;ﬁth In fact field evidence also indicates

e flown over the Cenozoic

3.4 and 3.5),. her imp@s that the basalts from both

gravel deposits (see Fi ;
areas, especially that of the.Sop Prab-Ko Kha area, are quite young. However, it is
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as in Quatemary
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me the above mentioned evidences along with the very recent geochronological
result from the Ar/Ar dating approach (av. 2.5 Ma, Farrar and Langidg, per. comm.,
1995), it is quite possible that these two basalts may have occurred during Late Pliocene,
which is equivalent to the fifth episode of Cenozoic basaltic volcanism in Thailand
proposed by Sutthirat et al. (1994).
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In the median areas where extensive outpouring of basalts is dominated, then
exists a N-S trending mojor fracture almost parallel to the Mae Nam Wang River. This
large-scale fracture may have been acted as a channel way for extrusion of these two
volcanic suites. The age of fracture development is not ascertained. However, judging
from the tectonic scenario proposed recently by Charusiri et al. (1994), it is quite likely
that the major fracture may have de\’eiQ' after Jurassic as a result of interaction
between Shan Thai (or CluangRal Lam e Indochina microcontinents. Such

_-—-f

ted dmng'_'l‘hasm issic - Jurassic, may have triggered

own warping or synclinal structure of the study
follomng the synclinal axial plane.

o= ___4

—

othe;" o 'on event (Shang-Thai / Western Burma) had
zone,io lxééﬁd result in development of fractures and

.uJ o Y

-;,*"I’Iiis maymcaﬂsed the extension fractures of the

N-S trend during very Late Tengy Tlus, in m-gave rise to the generation of terrestial

' , that both basaltic suites

may have occurred as sur)amal volcanism rather than Subalmeous St
Gem-Bearing #id {Barrén Basalty

‘S:eﬁéi'al worker!‘i (Vichib et aly 1982, 1988, Barr a'nff Maecdonald, 1981,
Jungyusuk and Khositanont, 1992) quoted from their extensive researches that gem (or
corundum) -bearing and -barren basalts can be geochemically distinguished. An attempt
has been made for these two basaltic areas. As shown in Chapter 5 on geochemistry,
separated and non-clustered trends of some major-oxides versus SiO,, S.I, and MgO

and several other variation diagrams strongly advocate that these two basaltic rocks
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(norther and southem areas) have not formed from the cogenetic magmas. If based solely
upon the gem occurrences, the Nam Cho basalt is regarded more gem-related, whereas
the Sop Prab - Ko Kha is not likely. However, gems found in some pits within the Sop
Prab - Ko Kha area, probably suggesting that thin veneer layer of the Nam Cho basalt
had once existed on top of the Sop Prab-Ko Kha basalt and was later completely eroded
away, or parts of high aluminous seqlnta
metamorphosed thermally by.,ﬁz_g Sop Prab’

Tertiary or Quaternary ages have been

‘basalt to obtain high temperature

product of corundum.

lperzohte xenoliths are present abundantly
thé\ Sop Prab - Ko Kha basalt. Normative

barren basalts are locat m the hawante (contalmng mugcante hawaiite, and alkaline

olivine basalt) ﬁdﬂlﬂs W%ﬁ Wﬂ@ﬁ ﬁle author’s study well

confirmed with those of Vichit et al. (}978) and Jungyusuk and Khosna.nont (1992) who

i 1) S e T e

xenoliths and contain higher TiO, and lower SiO, contents. At this stage, it is likely to
conclude that almost all the Nam Cho basalts are gem-related but those of the Sop Prab
- Ko Kha are not.
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Petrogenetic Model

Most flows of the Sop Prab - Ko Kha basalt bear general similarity in their
mineralogy and texture, which are considerably different from those of the Nam Cho
basalt. Petrographic evidences imply that both basalts are of alkaline affinity, but however,
the Nam Cho is stronger alkalie. Tthe 19‘:)6} the presence of fine-grained, olivine
phenocrysts, the rarity or absence of orthopyrixefie, the less appearance of plagioclase

9 -
phenocrysts, the commorl_gne&gmn

8

o subophitic texture, the abundance of Ca-rich

clinopyroxene in ground{ 7/ .

Geochemical

(tholeiite) basaltic series. A noif;ﬂy a pl&mkaiinc Index (A.L) versus ALO, (Fig.

5.8) indicates that these two ba&aits are, cfﬂstéréd‘m the ?gh Al basalt field. Several

b
trace-element bivariate-piots-su

12 gon triangular multielement
diagram as Ti-Zr-Y, m;?ate that basalts of these two amas are identified as within-plate
basalts (see detalls in next,section : 6. 3) Field ewdence suggests that subaerial volcanism
is more likely, implying"that, these basahs are of cqntmental voléanic type, not oceanic
volcanic affinity.

Since 1950s, the idea of partial melting of the upper mantle materials and give
rise to basaltic magmas has been universally accepted. The upper mantle is referred to
be inhomogeneity in composition. It varies im its mineral assemblages according with depth
or pressure and it varies in its chemical composition, especially those of trace element,

according to the geotectonic environments. Basaltic rocks may have been formed from
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the primary magma or from derivative magma. Furthermore, its composition varies in wide
range starting from strongly undersaturated alkalic to oversaturated. It has been generally
agreed that the highly alkali basalt is supposedly generated at higher depth in the upper
mantle or by lower degree of partial melting (Green and Ringwood, 1967, Hess and
Poldervaart, 1968, and Wilson, 1989). If this principle is brought about o apply in the
smd:.ramitwnu]dclmr!ysam w basalt, the stronger in alkalinity, would
Mvegmﬂmdmdmw&vbylmdmofmﬂ melting
from source materials "Ko E@wmﬂd Furthermore, abundances

.1 of major element analyses of

re by and large range from 64 to

84. However, almnst all of th@,g@gn&ﬂ%ber i.e., Mg* are well over 66. The
range of Mg* ofth' Nam Cho basalt (65,5 - 72.43 is apparenfly more limited than those
5 - 83.6) rﬁmﬂ: the maximun - and the
minimum - value of the rgpgnmwn number of the specimens collected for analyses from

the Sop Pmb_xﬂx% %%%% @ﬂe‘jmmm values from

the Nam Cho basalt. These results Jnay al:tnhuted to the much 0 in number of
e URLALL L v

these!two basalts were supposedly formed from the primary magma originated by
partial melting of the upper mantle source material (Green and Ringwood, 1967, Irving
and Green, 1976) perhaps by small degree of partial melting for alkali basaltic magma
from melting experiment (Fig. 6.2) after Jaques and Green (1980).
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lherzolite source (after Jaques and Green, 1980).
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Rare earth element (see Figs. 5.11 to 5.16) informations favour that basalts of
both areas have been evolved from similar process. However, when compared to the
standard diagram (see Rollinson, 1993) in Fig. 6.3, it is observed that both basaltic rocks
experience small degree of partial melting, which, in this case, fits fairly well with the 2

I////

Tectonic Settings
—R‘.‘%

%
As stated abo he I')@ andthe\ﬁfp Prab - Ko Kha basalts are

-and the former being stronger than the latter. It is
sent by stibaerial volcanism during Late

to 5 % trend.

petrochemically regar
likely that they were fommied.

Pliocene.

Actually it is clearly be'y‘oﬁdih s%f this work to define tectonic setting

if-'u

without a fruitfully deﬁﬂed mf'mmaﬂbn oh geo] ologic M the area concerned and its
' ann, 1973, Shervais, 1982,

Pearce, 1982, Rollinsqd, 1993) stated that tectonic setfings or environments can be

tectonic enviro;

correlated with and detet‘fnned by u. onibined eochemlcal characteristics. Five

' m cludmg oceanic ridge,
volcanic arc oolllsxonal 2, A large
numbera iﬂ) ﬁeﬂm\uﬁm m“volwucs
for suggestmg the paleotectonic environment of the volcanic suites. These diagrams are

collectively called “tectonomagmatic discrimination diagrams”.

These types of discriminant diagrams are used herein to suggest the possible
tectonic setting of these two basaltic areas. They include :
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of partial melting (Rollinson, 1993).
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1) The diagram which utilize relatively immobile trace and minor elements. These
diagrams are shown in Figs. 6.4 and 6.5. The temary plots of T/100-Zr-Y*3 (Fig. 6.5)
and Nb*2-Zr/4-Y (Fig. 6.4) both depict that the Sop Prab - Ko Kha (and Nam Cho)
basaltic rocks are fallen in the within-plate basalt. It is also clear that with the expectation
of some Nam Cho values, they definitely represent within-plate alkalic rather than within-

plate tholciite ; |
R

2) The diagram yhi s major and minor.¢ as discriminant parameter.
Fig. 6.6 shows the va " *10Viullen, 1983) for the basalts of the

3) The diagram Which uilizes immobile rice elements (Fig. 6.7) shows log Ti

versus log Zr plots (Pearce am Cho and the Sop Prab - Ko
Kha rocks, sugg ell i f within-plate field. Pearce
ﬂnd Nﬁrr‘j’ {19’}'9] I'*-"-":": '.:: "' gl [Lhe ﬁ'ﬂmonﬂ.t]ﬂn lndﬂx Zr

proved an effective discriminant among basalts of contras g:tmc settings. Fig.6.8 depicts
Zr/Y versus Zr values of the.-Nam Cho and the Sop Prab - Ko Kha basalts fallen within
e it o et EAocorai olPheal1BR2 T the TALNBY cigram (shown i
Fig. 6.9) SIJQE&SSIHI"Y separates the within-plate basalt group from MORB (mid-oceanic
e il ] 1 e b e, 15 b op P -
Ko Kha mcks are plotted in the field of the within-plate basalts field, and with rather
alkalic subfield.

Two types of continental within-plate basalts are recognized continental flood
basalts and continental rift basalts (see Wilson, 1989). The diagram of Pearce (1982)
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Fig.6.5. Zr-Ti/100-Y*3 plot of basalts from the Nam Cho and the Sop Prab-Ko
Kha areas (fields after Pearce and Cann, 1973).
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Fig.6.7. Variation diagram of log Ti versus log Zr for the Nam Cho and the Sop

Prab-Ko Kha basalts (fields after Pearce and Cann, 1973),
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Fig69. Thelog (Ti/Y)-log (Nb/Y)discrimination diagram for basalt plottings of
the Nam Cho and the Sop Prab-Ko Kha areas (after Pearce, 1982),
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for TVY-Nb/Y plots are cryptic, since most of the continental rift basalts are of alkalic
affinity. In addition, according to Holm (1982) and Dancan (1987), continental flood

basalts at several places do not plot in the within-plate tectonic setting.

Besides not only the SiO,-K,O plots of the Nam Cho and the Sop Prab - Ko
Kha basalts indicate less crystal ffacumﬁané/ less degree of partial melting, but also
do the trace element ratios gmson, 1989) ef{«!% (Fig. 5.9) and Y/Nb-Zt/Nb (Fig.
5.10). Fig. 5.9 shows vari of Nb ersus Zr (ppm_) for basalts of the Sop Prab -
Ko Kha and theNamﬂlU/ : :
about 4.83 and 6. II y, stg g&stmg that both eruptives may represent
products of fractional cry of-dle-assoclated magma (see also Price et al., 1985).
However, a slight diffefen slgi)e'gf both suites suggest that they could be

a

. b A1 [ - ek 54- # 1
petrogenetically derived fr erent, mantle source regions.
alas L
o = g \

Fig. 5.10 dlSPla}'S thef'staﬁ‘mmn of - #M'versus %rbe for these two basaltic
rocks. These basalts ploi-on-an-apparen

Det #n an enriched component
and a depleted MO jourcc component, but popula‘t;-.d and aligned closer to the
enriched side. Th.lS provides a strong evidence for the role of asthenosphcnc or MORB-
source mantle in the petrogeﬁems of theSe badaltlc smte in/an- actlvely extending rift
segments. It is quite plausnble as stated by Wilson ( 1989), that aquite high ratios of
Z1/Nb afid puss:bly YINb are an ongnal |source champlm.?nc not. pndwed by significant
volume of crustal contamination, however detailed Sr-Nd-Pb isotopic information are

clearly required to unravel the involvement of MORB-source mantle in their petrogenesis.

As mentioned above, several lines of evidences strongly advocate the continental

rifting for the involvement of these petrogenesis of the Nam Cho and the Sop Prab -
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Ko Kha basalts. The continental rift zone is defined herein as areas of localized
lithospheric extension characterized by a central depression, uplifted flanks and a thinning
of the underlying crust (after Wilson, 1989). High heat flow; broad sources of regional
uplift and magmatism are always associated with such tectonic structure. The occurrence
of several hot springs (Charusiri et al., 1992) and the present day high heat flow
(Thienprasert and Raksasakulwong, 1984) . &sibly support the continental rifting still
existing at present-day time. : {:—r

If deep-mantle upwelling | is responsxb‘% for the initiation of a rift (active model),

YRy -

then the magma may be gen: tadﬁmn oce@za}and' basalts (OIB) source mantle within
the plume (Fig. 6.11) and mnmjwe conmb}tgm from the asthenosphere MORB source

component. This is mﬂ he case alts {as _fv;zjnuoned earlier). However,

s
‘ orrfrom enriched mantle source

trace element data and aikahne nature indicate der
(Bailey, 1983). This can be explained by the fact that beneath the continental rifts, the
enriched sourcé s simply! the) old subconunemtal lithosphere, |and that depleted MORB
source asmenosphéric‘ mantle only becomes éxtensively involved in_the “most actively”

extending rift Segments. The later sitvation is unlikely for the-currently studied basalts.

Therefore, it is quite essential to note that the first tectonic phenomenon was
crustal downwarping, forming a protro-rift depression (as the formation of syncline for
the studied area), implying that the lithospheric stretching (passive model) such is the prime
fractor in the initial stage of rift development. As a consequence of stretching

asthenospheric upwelling occurs, causing heating to the lithospheric plate, and crustal
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Fig6.12. Distribution of major mantle source components in relation to sites of

continental and oceanic volcanism (after the Institute of Geological Sciences
of England, 1974).
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doming. Thus, it may be reliable, as similar to the recent studies (see Mohr, 1982 and
Alnmnil%ﬂmtﬂ:eﬂﬁmhndﬁumapmiw;ﬂmemmmﬁpralnmmmy,
the simplistic model for the evolution of the basalts of the Nam Cho and the Sop Prab
- Ko Kha areas are deciphered in Fig. 6.12.
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CHAPTER VII

CONCLUSION

3. Petrologi the ' y Khabe : ;hlch consists of five flow
layers display similar rineratoy “maderately different from the
Nam Cho basalt, The @m omposéd of spinel-lherzolite nodules

and megacrysts (and largesphenocrysts) of oliyine and pyroxene.

UBAREIWE T3
Ll bl

5. The basalts of both areas were probably originated from primary magma,
evolvedbyshnih:pmnmoﬂnwdegmeafpmﬁﬂmdﬁngofwmkmmmgim
However, the Nam Cho basalt was probably derived from the greater depth.
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6. Sapphire occurrence and REE data indicate partial melting of primary magma
 at rather deep and high pressure (more than 20 kbar) and crystalization of basaltic magma,
which sapphires may have been crystallized between this process.

7. However, information on gem exploration suggests that quantity and quality
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