basalt. The Nam Cho basalt
bon Nam Cho, Amphoe

covered parts of Quaternary-gediments. It oceurs as east-west flows following hill slopes
(Fig 41 of T rogka o i1 vk ol Th reish brown sl

(weathered basa]qi'sl) frequently cover Quaternary sediments. The basalt' is megascopically
charcidiod by bip IS bebi bl ey O e Lo, o B dse per a
the bﬂttﬂl'ql‘i It is generally dark, dense, fine-grained, and porphyritic textures. The rock
specimens of the Nam Cho basalt collected from exposures are relatively fresher than
those from the Sop Prab - Ko Kha basalt. Ultramafic nodules of Iherzolites (Fig. 4.3)
containing aggregates of olivine, pyroxene, and spinel are rather common. Megacrysts
of olivine, pyroxene, and spinel are often found in this basalt. Lherzolite nodules vary in



Fig4.1. The Nam@ho vl Dws fc

10 the bottom pl

| P ‘$Tht Phra That Formation

Figd2.  Typical location atkms 568 to 569 on the Hi ghway number | comprising §

basaltic flows with total thickness of about 20 m thick of the Sop Prab-Ko
Kha basalt.
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size from 1 to 5 cm, and size of megacrysts ranges from 0.2 to larger than 2 cm. The

total thickness of this basaltic flow is at least 2 m.

Microscopically, the Nam Cho basalt is generally hypocrystalline. Average grain
size is virtually smaller than that of the Sop Prab - Ko Kha basalt. It always shows
aphanitic granularity and locally grades to ;;;d)?orphyritic and porphyritic textures (Fig.
4.4). Trachytic texture is moderately fouhﬁ;@ subophitic and skeleton textures

—_— <
rarely occur in this basalt. Caleite, as large as 0.5 cm in diameter, is often present as

amygdules. Mineral comp6siti

s‘essentially contain plagioclase, pyroxene, olivine, and

opaque minerals. The

Plagioclase ntamg about 10 to 15%. It always occurs as microlite
., »i?- Y -'..f{}* »:
habits, with small subh sta‘l:;JAverag%gmin size range is between 0.01 and 0.06

| T TEeT \
mm, which is relatively smallet than pla’g‘fﬂd&e of the Sop Prab - Ko Kha basalt.

Plagioclase in groundmass is -hardly ident'i'ﬁleﬁqmer mi?oscope. When occurring as
— :
phCHOCIYStSa plagioc : S l'-:-'-iu' & . Sopothrrearispac=alir e

appears to be rangingifjom andesine (An,-An, ) to rq?ely labradorite (An-An,).
Plagioclase is found to beslightly or strongly,altered.

an f&#:ite twins. Its An - content
» P

Pyroxene is commonly in dverage range of 20 to 25% “@ip to 40%) of the
total volume. It ﬁequently occursin gromdmassand as plwnocryﬁ. In-groundmass the
size of the pyroxene is less than 0.01 to 0.02 mm, whereas phenocrystic pyroxene ranges
from 0.1 to 1 mm. Pyroxene always shows anhedral and subhedral crystals, though
some phenocrysts may form euhedral crystals, frequently with pale green to brown
colours. Pyroxene in groundmass frequently forms short prismatic to rounded grains. It

also shows crack, and one-direction cleavage is always prominent (Fig. 4.4). Almost
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pyroxenes are characterized by clinopyroxene (mainly augite). Reaction rims are also

present in pyroxene phenocrysts and megacrysts.

Olivine ranges from 10 to 15% of the total volume and occurs as anhedral to
subhedral crystals (Fig. 4.4). It is mainly present as phenocrysts and megacrysts
(Figs. 4.4, 4.5). Size of its phenocryst vm{ldy'r m 0.1 to larger than 1 mm, whereas in
groundmass it ranges from 0.01 to 0.06 m@ks and cleavages were frequently

N — <
developed in olivine cryst_al;,Skgletpn texture 1s-also encountered in olivine phenocryst.
Some olivines are altM/ deep yellow to orange brown iddingsites. Olivine is

optically negative ve

Opaque mineral§ frequ ntlyéaorﬁ]fgise_up to 15% of the total volume. Their
A \ \
ges fﬁ'om;!%s than 0.01 to 0.02 mm, and rarely larger

average grain size commonly S
than 0.03 mm. They always océur as anhedral to subhedral crystals, with rounded and

polygonal shapes. Most opaque minérals .gdgﬂq!;;accompa}ly in groundmass.

A .

Lj :7 - g "_ iJ
The secondary minerals are characterized by caleite and zeolite. Though calcite

is rarely found in this basalt, but in some specimens calcite can contain up to 5% of
total volume, with average grain size about 0.1 to 0.5 mm, Calgite frequently occurs as
anhedral crystals along fractures and‘vugs. Zeolitecaccurs as small‘ctystals (mostly 0.1
mm) arisPiicH 168 Muhdngibbdabite) >

Xenoliths (Fig. 4.6) are always characterized by ultramafic nodules, frequently
containing dark green pyroxene, green olivine, and black spinel. Size of these xenolith
nodules are ranging from 1 to 5 cm. Microscopically, these lherzolites show equigranular,
intergranular, and sugary-liked textures with fine-grained holocrystalline. They contain olivine
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Fig45. Olivine megacrysiat® i« ."‘f.‘?-f""‘-- Mg (0), pyroxene (I'y), and
plagioclase, andafouihgut fusmdnes drdhzeolite in vesicle (4.5a:

uncross nicols, 44

| I
Figd46. Spinel- Ihazulill’lﬂulcmmriﬁtﬁpine[m}, (Py), and spinel

4.6b: mmmls

ﬂma\mmumwmaﬂ

£s



a3



94

and pyroxene as the major constituents with minor amount of spinel (Fig. 4.6). Olivine
commonly forms anhedral crystals. Pyroxene is also present as anhedral crystals with one-
direction perfect cleavage. It is characterized by the presence of clinopyroxene (frequently
augite). Spinel always exhibits anhedral 10 subhedral forms with brown isometric outline.

Pyroxene megacryst moderately occurs nearby xenoliths. These ultramafic nodules are

Glass generally genftains about 40% and ‘always distributes in vesicles and

O

The other mineg arely found. It is interesting to
note that ultramafic nodulgl

than those of the Sop Prab

are relatively more abundant

Sop Prab-Ko Kha Basglt

U

The So - ﬁf he Permo-Triassic to
Triassic age an q}h m ﬂjﬂuﬁmc crater in this area
W ﬁlﬂ interpretations

and MZEWMﬁMEWB spatter materials (Fig.

4.8) can be found nearby this crater. Five successive basaltic flows have been recognized

with typical location at the road-cut quarry between kms 568 to 569 on the Highway
number 1 (Fig. 4.2).This road cut quarry shows that the volcanic crater comprises these
5 flows with at least the total thickness of about 20 m thick. All the flows bear similarity

in texture and mineralogy. They are characterized by vesicular to massive.



Fig4.8.

—_
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ofvolcani

ai

4 ‘
'l 3 k. B . .
::Emb oceurring in the volcanic crater.

RN .0:

Scoriaceous spatter materials are found in volcanic crater.
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microporphylitic-porphyritic, and fine-grained textures. Phenocrysts (up to 0.3 em) of olivine
frequently occur in most flows. The vesicular texture is commonly present in the upper
parts of all flows. The channel-like structures, always present as vellowish brown
weathered basaltic soils within cavities, are usually found between the second and the

third basaltic flows. The columnar-like j Jomungs predominantly appear in the second basaltic

flow, and are sometimes found inhe firs #@nd the fourth flows. The parting is quite

distinctive, they arc present i “lower parnt$-4j .m the third and the fifth flows.

around the lowest part of - f this basaltic arca.

The first flow ' B _' ‘ \ op Prab - Ko Kha basalt, is at
least 2 to 3 m thick. This commonty shos er vesiculars in the upper parts.
The vesicles are abcu; 0.5 to 2-ens Vesi 1 10 form alignment indicating local flow
Giolr fine-grained, porphyritic
M ne@} structure (Figs. 4.9, 4.10)
implying flowages away frgm crater. Pahochoeis mainly found along slopes in the eastem
AT XY 1A T E T RY Y- —
and intersertal [EJ{%I!IIES Plagioclase is partially enclosed by pyroxenegferming subophitic

e e PR G Rk i il Gy s

Mineral mmpcmtmn comprises 30 to 35% plagioclase, 10 to 20% pyroxene, 15 to 20%

olivine, 10 to 15% opaques, 5 to 10% accessories, and 25 to 30% glassy materials.

Plagioclase (Figs. 4.13, 4.14) is more abundant than other minerals. It generally
occurs as lath and microlite forms, with subhedral crystals. These crystals are generally



Fig49.  Ropy structufe i Luently shawn in the low t flows of the Sob Prab-Ko
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Fig4.10. Pahoehoe flow comprising ropy structures along the slopes in the eastern

and western.
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ranging in size from 0.01x0.1 to 0.01x0.6 mm. Carlsbad-albite twins are more abundant
than albite twins. Plagioclase is optically determined in terms of An content to range from
andesine (An,-An, ) to labradorite (An,,-An,,) with rare bytownite(An, -An_ ).

Pyroxene (Figs. 4.13, 4.14) appears to be anhedral to subhedral crystals,

though short prismatic form is fre */// ent as euhedral habits. It is always

assembled in groundmass. cryst rarely occurs. Pyroxene
commonly occurs as roun ered, forming glomeroporphyritic
texture. Cracks are be; an ¢l ocS Pyroxene typically occurs as

clinopyroxene (mostly

the latter being present as, { rathierthan groundmass. Olivine in groundmass is

\
often occurs along .__:.»:—;-»-,——--—, --------------- is=liVine is often cracked, and

normally filled with idc@site. 1t opti arge 2V negative (nearly 909).

o v
opfi binkehc i) £19) 33 W& L) B o, ambea
U
to subhedral crystals. AVEIE?H sife varies from#:01 to 0.04 mnikdt frequently forms
t

s RO S BT VTR S

Accessories include of apatite, zeolite, and calcite. Apatite (1 to 3%) is
less abundant in this flow. It always occurs as subhedral short prismatic, that generally
enclosed in grains of plagioclase. Zeolite, an uncommon secondary mineral, is always

present in vugs and along veinlets. It commonly shows radiation of short prismatic forms,



Figd.11.
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Fig.4.13.

Figd.14,

Interstitial of anhedet®= hivears "Winplagioclase (P) lath,
—

interstitial texture®l ¢ paque, short prismatic
apatite, subhedra diwgsite (1) in first hasaltic

flow (4.13a: uncefss

lddingsite (1), ubhr:dml opaqug (O), rare prismatic apatite, lath
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with small grain sizes. Calcite, a more common secondary mineral, frequently occurs as
subhedral to anhedral crystals. It is mostly associated with pyroxene. olivine, and
plagioclase. It sometimes fills in spaces between laths of plagioclase. Its content is about
5 to 10%.

rises of 25 to 30 % by total volume
and is always associated with paque and Py ; s frequently fills in voids among
i 7 " _ imes exhibits mild devitrification.

Overlying

porphyritic textures (an. 4.15) e stru@re averages | m x 2 m in

diameters, indicating that flow direction can e traced as far as at least 200 m in this
basaltic flow. Mﬁwulgjl}gum mtﬁlmftl Q hélocrystalline (Fig. 4.18),
with aphanitic g;ra?llulaﬂty texture. Porplyritic, intersertal, interstitial, an@-§ubophitic textures
(Figs. 4&;%1’7] ai\ﬁ&] im usml’lgrmcﬂc:llanﬂtigaﬂon. The
alignment qof microlites indicating trachytic texture are present in some samples. Mineral
composition always contains 25 to 30% plagioclase, 10 to 15% pyroxene, 10 to 15%

olivine, 5 to 15% opaques, 5 to 10% accessories, and 25 to 35 % glass.
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Plagioclase is generally more abundant than other minerals. Its grains are
frequently subhedral, with long rectangular outlines (Figs. 4.16, 4.17). These plagioclase
grains occurring as lath form are more abundant than microlite form. The average grain
size ranges from 0.02 x 0.3 mm to 0.2 x 0.6 mm. Both Carlsbad-albite and albite
twins are equally present in this flow. Plagioclase ranges in composition from andesine

(An,-An,,) to labradorite (An,,- W
indicating intersertal or mt

f plagioclase always show interlocking,
4]&@1001&% grains may be partially

enclosed by pyroxene

Pyroxene . Its crystals always occur

as anhedral to subhe 198 : [ e green and brownish green.

Olivine i 9_ -------- --: ——————————— $)-0f this basalt. Phenocryst  is
about 0.1 to 2 mm in sﬁ,
0.08 mm. It occurs as anhedral to subhedral grystals. It frequently shows skeleton texture.

Cracks often dﬂlapj ﬂl%%%@ P folesgiresh, though deuteric

alteration feature %Ialways prominent along rims and eracks of crystalalt is optically found

sl NF) ITU ANTINE TR Y

8"0 1ﬂverages in size from 0.02 to

Opaque minerals (Figs. 4.16, 4.18) always occur as anhedral to subhedral
crystals, whose average grain size is ranging from less than 0.01 to 0.1 mm. Petrographic
description indicated that opaque is always associated with pyroxene in groundmass.

Skeleton texture may be also formed in opaque crystal, possibly indicating ilmenite form.



Figd.15. A specimen of (aSeefallli ab-Ko Kha basalt showing

fine-grained, pog

Fig 4.16. Photomicrographs show ph Bhedral Blivine (O1), skeleton
ﬂpaqw(Dme@em{P}r}fmm@mﬂmalhetmphgmhse{P]

.aﬂ,s,ﬁ %&Qﬁ@&ﬂ 18 didrod FoboB, 4160 cross
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Fig4.17. lddingsite [l} =sub Xene
E 4//// ‘ \\\\ \. :\ ‘ ral pyroxene (Py),
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Fig4.18. Subhedral phe I perysts of olivine [UI] skeleto npaque, pyroxene
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Accessories include apatite, zeolite. and calcite. Apatite is always less
abundant (average about 2%), with small size (much less than 0.01 mm). It is found
only in few samples. Apatite is always assembled in plagioclase, and always forms

short prismatic crystals. Zeolite occurs as secondary mineral with radiate forms. It can

be rarely found in vugs. It is present subhedral short prismatic form with less abundance

(about 3%). Calcite is rarely fo mineral, that forms along cracks. It

- 9

Glass r.:un abo \. Bitotal volume. It always occurs

as intersertal texture and®is § '_ 4 fonn mineral.
3. The Third Bas

The third basalnc ;'- Ver the second flow. The thickness of

the third flow is about 4 s’ sl *g fine-grained, porphyritic,
olivine basalt (Fig. 4.J9), and son tia 10! those of the second flow.

Vesicle (about 1 to 3 T long) also appears in the uppﬂ:an. It often develops parting
(0.1-0.3 m thick), in the ﬁlﬁnwer art. uct of basalt during a
short quiescent ﬂ.u ﬁﬁm m]y, this basalt typically
occurs as h sla]lme terized by
AT T T

subophitic textures are quite common in this basalt. Skeleton texture of opague and

olivine crystals are also diagnostic. Mineral constituents generally include 25 to 35 %
plagioclase, 10 to 15 % pyroxene, 10 to 20 % olivine, 5 to 15 % opaques, 5

to 10 % accessories, and 25 to 30 % glass.
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Plagioclase (Figs. 4.21, 4.22) always occurs as subhedral lath or microlite
forms. Its grain size averages from 0.02 x 0.3 mm to 0.1 x 0.6 mm . Plagioclase
relatively forms Carlsbad-albite twin in more abundant than albite twin. The composition
is optically classified in range from andesine ( An,-An, ) to labradorite (An,-An,)).
Plagioclase laths often interlock between grains, showing intersertal or interstitial textures,

)u\: an indicative of flow lava.
7Z.,
E——

hose average grain size ranges
ubhedral crystals (Figs. 4.21,

Plagioclase microlite is often exhibi

Pyroxene is figguaney
from 0.01 to 0.3 Ayl 5 0cc
4.22). It is rarely found®s phcy z st 0 es clinopyroxene ( frequently
augite ). It offen forms 3 -

frequently occur.

Olivine is mostl . and euhedral crystals. Olivine

phenocryst (Figs. 4.20, 4.21). ceftaiily occurs bundant than  that of groundmass.

Phenocryst is f—— T SIZe; Wi é' ass ranges from 0.01 to
0.08 mm. Skeleton texture ofter ops in this basa tﬂ)liw’ne mainly forms cracks
with moderately weathering.( or deuteric aliggation ). It is optically present as biaxial

wmuﬂmmmwmm
q AN MBI NHIBEL v

are often amompamed in groundmass, and associated with pyroxene and glass. Average
grain size of opaques is 0.01 to 0.05 mm. Skeleton texture ( significant outlines of ilmenite

? ) also occur in opaque mincrals



Fig4.19. A specimen of the affrd ‘ h
vesicular, porphyritie! Tiné g :IE !
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Fig4.21. Olivine (Ol phert -*"";‘;

microlite, glass (G, anfl \ yintersi
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Accessories largely include calcite and apatite. Calcite is typically a secondary
mineral that may be found as amygdules in some samples. Calcite constitutes 5 to 10%
of the total volume, that always occurs as anhedral crystal nearby plagioclase, weathered
pyroxene, and broken olivine. The calcite is often present in spaces and vugs. Apatite is

frequently present as subhedral, short to stubby prismatic forms. It comprises about 1%,

Glass ranges

glassy groundmass, th

4. The Fourt

The fourth basaltie flc m thick and is overlying almost
parallel to the third flow. The fc'; ly contains vesicular olivine basalt in
the upper, and masslﬁohvme b ar jointing is frequently
encountered in this f1¢ -_ owever o moderate weathering. Basalt
is normally chm-acterizgzby palé grey o dark grey, ﬁne-ﬂ'med to aphanitic, porphyritic

rock (Fig. 4.23), Mic ﬁ i inly appe hypocrystalline, with
aphanitic granuﬁu:u ﬁﬁﬂﬁﬁgﬁ zﬁﬁ (Figs. 4.24, 4.25, and
4.26) are co y_present. S itic re, also widely distributed.
Glass is%oﬁﬁﬂﬁ t] mm mms composed of
25 to 35 % plagioclase, 10 to 15 % pyroxene, 10 to 15 % olivine, 10 to 15 % opaque

minerals, 5 to 15 % accessories, and 20 to 35 % glass.

Plagioclase (Figs. 4.24, 4.25, and 4.26) always occurs as tiny microlite in

groundmass and subhedral lath forms as phenocrysts. Average grain size of plagioclase
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is approximately 0.01 mm wide and 0.2 mm long in the groundmass. Phenocrystic
plagioclase ranges in length from 0.3 to 0.5 mm and in width from 0.05 to 0.1 mm.
Both Carlsbad-albite and albite twins are encountered, the former being more abundant.
Petrographic evidence suggests that plagioclase ranges from andesine (An,-An,,) to
labradorite (An,-An. ).

Pyroxene is al TESENt in g&(ﬁgs 4.24, 4.25). Average grain

size ranges from smalle

! uenﬂ}r pale green to greenish
brown. It generally oe als with plagioclase, pyroxene
often forms interstitis . It also partially enclose

*\ \ ally formed, whereas one-
\ ¢ characterized by clinopyroxene

plagioclase, becoming i

direction cleavage is also €6

fadecia

(mostly augite). el
-rf m_:. -
£l £ ?#:i*f _1 .
Olivine vuv;i y forms as phenocr: Figs. 4.24, 4.26) and in groundmass,
Phenocrysts of oliving aiige T 01 1o Targer tha “ahd olivine in the groundmass
averages about 0.01 to E)ﬁ mm in size . Olivin dways &m as subhedral to euhedral

crystals. Cracks are frequently, developed, and.they are filled with secondary mineral as

scpenine. R i okl o S o oy b s

some sections. The optical investigatioh is rather difficulty due to nibderate weathering .

Wamammu BIANTIAE

Opaque minerals are smaller than 0.01 to 0.05 mm in size. They frequently
form anhedral to subhedral crystals and are associated with pyroxene in the groundmass
(Figs. 4.25, 4.26). The euhedral crystal is rarely found. Skeleton texture possibly signifies

ilmenite habit. Opaques sometimes form square or rounded shapes.



Fig4.23. A specimen of the faifri
vesicular, fine-praingd n:

Fig4.24. Photon mgdftm:luenfnlnn (Ol pl st surmounded
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Fig4.25. Subhedral plagiocliSe (Rydmting \ﬁ"‘!sh
opaque (0), and j
microporphyritic texflineg| 42 b i 1SS | ‘ -

Fig4.26. Anhedral olivine (Ol)and iddingsite (1) phgnocrysts, with lath of plagioclase
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Accessories include apatite, zeolite, and calcite. Apatite is rarely found in
this basaltic flow, and contains less than 2 % of total volume. It occurs as subhedral,
short prismatic, with very fine-grained size. Apatite always inserts in grains of plagioclase
and glass. The other uncommon secondary minerals, zeolite, iddingsite and calcite, can

be found in less abundance in few samples.

ume. Vesicular and vug-filled

Glass ranges from

%

s occurs in voids of plagioclase,

flow.
5. The Fifth B
This basaltic flow is“the it of the Sop Prab-Ko Kha basalt. It
is about 6 to 7 m t}ijﬁ aM@T%@; to 569 on the Highway

high weathering and pgi.ng diagr atures. Mic&copically, this basalt mainly
shows porphyritic and intéfsertal textures. Sublophitic, trachytic, and amygdaloidal textures

are subordinateﬁ!l lueﬂn,ta mn@ Mgﬂm j.h aphanitic granularity.
Amygdules of calcite (Fig. 4.30) and zeolite fille@in yugs, v siclés! and other spaces.
Imcrstiaq m ﬁgﬁ hjmsum:lg Mpilrﬁmﬁ'lﬂccurs in space

between plagioclase laths. Mineral constitnent includes includes 25 to 35% plagioclase,

15 to 20% pyroxene, 10 to 15% olivine, 10 to 15% opaque minerals, 5 to 10%

accessories, and 25 to 35 % glassy materials.
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Plagioclase (Figs. 4.29, 4.30) commonly occurs as microlite crystals, though
lath form is moderately present. It also forms subhedral crystals, with average grain size
of about 0.05 mm wide and 0.2 mm long. Twinning of plagioclase include Carlsbad-
albite and albite twins, both of which have nearly the same amount. Plagioclase is

petrographically determined to be ranging from andesine (An,-An,) to labradorite (An,-

often associated in gro

0.01 to 0.06 mm. isoftent pale green with hig ief. Pyroxene, predominantly

as 1 mm, whereas olivﬁe i om s&ller than 0.01 to 0.05 mm.

Olivine often occurs as phenocryst in this basalt.,Olivine frequently shows skeleton texture.

05 esents b ) nd Aoy i S b b k. Oty

olivine is biaxial negatwe with high 2V angle.

ARIANN I IRIINYA Y

Opaque (Fig. 4.29) minerals always occur as anhedral to subhedral crystals,
some mutually associated with pyroxene. Grain size of opaque averages from less than
0.01 to 0.05 mm. It is mainly present as square and rounded forms, suggesting the
occurrence of pyrite. Opaque mineral sometimes shows skeleton texture, implying the

ilmenite crystal.



ul'pjrmxme{ J:lagmclase (P), and g]a-.ss (G), and forming trachytic,
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Fig4.29. Phenocrysts of olizi

(P) microlite, og

e hjrpfagiﬂclaﬂ
wlngintersertal, interstitial,

Fig4.30, Subhedral olivi
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Accessories include apatite, and calcite (Fig. 4.30). Apatite is present as
subhedral to euhedral short prismatic forms and usually associated with plagioclase. It
invariably shows very small size (much less than 0.01 mm), and occurs in small amount
(less than 3 %). Calcite, the other secondary minerals, is also found in this basalt. It
occurs as anhedral crystals in vugs (Fig. 4.30) of few samples.

AULINENINYINT
MR TUAMINYIAE
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