WaedaaNIdy dinawasensunIsISunend

I

WARSELLN VD

TN MW DRTR
D AVFR RS §is VAL §4

R o RN
THEER GRADITATE Q07 I

hiied CXINIRIS U LA LA I OULLUULY

A o \f Bd s
R s S AdMA LS ALY sHyve



000754L)

viaemyeawidu dninawanensmimifunvend

E47372

ORIGIN OF BASALT BRECCIA, BAN SAP SAWAT, WICHIAN
BURI DISTRICT, PHETCHABUN PROVINCE

JONGKONNEE KHANMANEE

A THESIS SUBMITTED TO THE GRADUATE SCHOOL IN
PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR THE DEGREE OF
MASTER OF SCIENCE
IN GEOLOGY

THE GRADUATE SCHOOL
CHIANG MAI UNIVERSITY
SEPTEMBER 2009



11

ORIGIN OF BASALT BRECCIA, BAN SAP SAWAT, WICHIAN
BURI DISTRICT, PHETCHABUN PROVINCE

JONGKONNEE KHANMANEE

THIS THESIS HAS BEEN APPROVED
TO BE A PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR THE DEGREE OF MASTER OF SCIENCE
IN GEOLOGY

EXAMINING COMMITTEE

SRR mem wp e il s T S U CHAIRPERSON
Asst. Prof. Dr. Chakkaphan Sutthirat

,202‘““7 .................................................................. MEMBER

Asst. Prof. Dr. Burapha Phajuy

?AK,?L L:\w\ YAlcuv\

................................................................................ MEMBER
Asst. Prof. Dr. Phisit Limtrakun

A2in g A Pﬁ ‘Mﬁx"ﬁé’\‘wﬂ«/\[ ) MEMBER
.............. ( ‘/“\&(\ (j.

Assoc. Prof. Dr. Yuenyong Pan jasawatwong

17 September 2009
© Copyright by Chiang Mai University



iii

ACKNOWLEDGEMENT

The author would like to express her sincere gratitude and appreciation to her
supervisors, Associate Professor Dr. Yuenyong Panjasawatwong and Assistant
Professor Dr. Phisit Limtrakun, for their valuable supervision, support, interest and
encouragement, and reading the manuscript.

The author also would like to sincerely thank the Department of Mineral
Resources, Bangkok, Thailand, for supporting data and permission to carry out
studying.

The author is grateful to the Igneous Rocks and Related Ore Deposits
Research Unit (Department of Geological Sciences, Chiang Mai University) and
Assistant Professor Dr. Phisit Limtrakun (Department of Geological Sciences, Chiang
Mai University) for partially financial support.

Thanks are also extended to many people who assisted her during this study in
particular:

- Mr. Metha Yangsanong, for his help in core logging and paying close

attention during her studying;

- Ms. Chotima Yamee and her friends, for their help in field work and
solving personal and academic problems during studying and thesis
writing;

- Mr. Wirote Saengsrichan, Mr. Nikhom Chaiwongsaen and Ms. Darunee
Jenjai for some graphic designs.

- Mr. Chamroon Ousiriprisan, Mr. Chanwit Premkamol and Mr. Preecha
Laosue, for the convenience and suggestion to core logging and core
sampling at Minerals and Rocks Research Center, Department of Mineral
Resources, Rayong Province;

- Dr. Boontrika Srithai and Mr. Kiattisak Metparsopsan, for their help in

field work and collecting samples;



v

- Mrs. Mayuree Promphutha (Department of Geological Sciences, Chiang
Mai University), for their instruction and many facilities;

- Mr. Chanthip Pantusa (Department of Geological of Sciences, Chiang Mai
University), for his help in cutting rock slabs and making thin sections;

- Mr. Siwakon Chimnakphant (Department of Geological Sciences, Chiang
Mai University), for his help in petrographic studies;

- Assistant Professor Dr. Apichet Boonsoong and Mr. Krailas Martrmool
(Department of Geological Sciences, Chiang Mai University), for the
analyses of major-and minor-oxides, and trace elements by XRF;

- All the graduate and undergraduate students of Department of Geological
Sciences, Chiang Mai University, for their help and encouragement; and

- All the member of Department of Geological Sciences, Chiang Mai
University, who have not been earlier mentioned, for their hospitality,
companionship, support, encouragement and many facilities.

Finally, this thesis could not have been accomplished with the help and

encourage of her mom, dad and sisters.

Jongkonnee Khanmanee



¥oI50INNTNUT MR UNAVDINUNTIANHATUVE TOAS

4
ﬁ'lu“])"]Jﬁ’J’dﬂ DUNDULYILYIT %QW’J@LW‘D’?‘L‘]iﬂI

Y A A w =1
RN UWAIINAN TUN
YSaan MNAATUMIT AN (FIUINYY)
d‘ a a d aa J Qy
AMZNIINMINYIDEINENTINUS Hel. A3 WK auaszna Usepunssums
A = 4
7. A3, Buea Uaaaiaasd NITUMS
L% )
UNARED

E 47372

YANUE “IfE)ﬁﬂ‘UWLI“]ﬁJﬁ’Jﬁﬂ Lﬂuﬁauﬁuwamuu “]50?19’]’)&‘11815115 ﬂﬂﬂauwu‘w

E] Q

1 Aa

Uszana 45 a3 Tawas wazilsznoudegadnuoiiuga Iivdn 3 uuy 18un #uain
a ] a a = I A Q:’ll a d 1
¥aIn HunsIamasy uaziuazneugu Il Aunsiamdsuuzaoas INwDULNIndiaY
g a Ao = : =
waznvuadaaY  sznoudruriunzaead ilansuziiumasudaneuu uaziivia
' [ ) Y] ] a a’dd 3 a dy % t:l
uanany Aadrogluumingilivuiaazi@eandi uazdsznoudlroyiuidoniif
wagunlasedraun dudmlvg wialavaziruiiuiialamasmduiunsiamasyus
o a a FY 1 Aa a dy ~ FY
¥R IHUNVTOM  Auaznoug W Tdun funsisuaziunsiationsia Nszneudie

' a s & v
AAITOUDINUUSYDAUUDILND

Aua1nman uazaataavuiansia lugjuazfeuiuuulvy luiiunsiamaesy o

4 '
udnutenandesvuia Tasiiusaonmsyanoniluledaiu uazunadlomas Tuswiudn

kY 9y
uANANAY  Huvzaeadiioadioalitioouin ATILUAYIIRUAINIMAIN THeRULLUNAN
v = v % ' Yy A 1o A a
U UAZUVUHANNANUND  AITUNAVDIAAEAVIIANI A Tnuaz Aouriuuu vy Hilleriu
= Y A =y Y ' a =~ o "]:_‘] =t

HUUNARKENLNT  N3uNmlonandulssneuaIsunaunal Ternaaneda luidusaifioy
Wudmlng ushiilSiasesasn 18un Taalu'lwsenduuazToddu usiiilSnaies

< a s & e Y Y 1 a a o
s‘flumaﬂ-”lmmuﬂmaﬂvlcm NINUUALUDNANKNAULIND ﬂ§$ﬂ@‘lJﬂ’)fJLWNLLWﬁI@Lﬂﬁﬁ‘ﬂlﬁﬁ?



vi
] = Y = o ] ] 1Aa (a E "‘ “ J4‘7 72
1Nlﬂu5$lUﬂU!La$Llﬂ'}V]1ﬂ‘lﬁﬁ Lﬂuﬁ’luiﬂﬂej HInNyY ﬂiil'lmu'ﬂﬂ!ﬂuiaﬂju ﬂuluﬂlcﬂil

Ysznoudeuvisunas Tomaauaslna lu'lnsonay ﬁuamﬁﬂymmﬁmmuIaﬁﬁﬂ/ﬁﬂaﬂﬁﬂ

a A a d 9 4 a K A a
HUNTIAUNDINUUVLUNTNKIAL “]J'i%ﬂi’]‘ﬂﬂ?]ﬂ AITAVUINAUDING 1Y ’Vll,ljﬂﬂuﬁﬂ'lw
] 4 [~ o d a
BYINUIN ﬂﬁ'lﬁﬂ“ll‘hﬂﬂﬂﬁ'JﬂLﬁﬂllﬁ%ﬂi')ﬂﬂﬁTQﬁﬂWU?ﬂﬁ}@ﬂ ﬂa'l'ﬁﬂ‘llu”lﬂﬂﬁﬁﬂlﬂuﬁu
I dy a a [ ' as a
vezreaanuaauiiolaIns nsa TaviiusaenuazusyaneniulodIunazunaslowmas
7 = Y a a % = 9
ﬂﬁﬂﬂizﬂﬂﬂﬂlﬂﬂﬂi'l'J!LiJ’(TVIW‘UiJ”IﬂL{IULLﬂ'J“Mﬂ@Iﬁlllﬁu ENFIﬂizﬂ'ﬁ]ﬂ‘ﬂ@iﬂi']')&mﬁﬂﬂﬂuﬂﬂ
Y =3 an a A a < @ ' ] Y S (Z=) oy
'lmm waﬂiammmxuwaﬂamaa NNANNITIYUAIDYIILTINN uazummﬂ"laﬂﬁmma
v Y a = A a d [ = Fl
IS1PY Lm:]cmﬂﬂiamaumﬂmﬂuﬂsmmﬁmmammﬂmammazau Lﬂﬂﬂul‘fluuﬂﬂlWTﬁTIﬂ

v

J o 9 ﬂ ' ] 1% (= 3’ a a 3’ a = 9 3 9
'lumﬁmmamm L umuclmy uazumwmﬂﬂ'lumummmmumuammm VNN UDY
v

{ ) { L4 o 3’ :’
Iwsendimiuiloudw/foumlaauduudaniarinlug waz/mienas lsadiimanadiiiaia

= ~ = o a Yy a3 o ~ 1 @
DUIVYT LmxQmmuwTﬂwT@llammzmﬂu ﬂsmgiwmuiummummmﬂﬂu

a 4 [} a [} a {
HUaImMaIn amdaviansialnguazdouiuuulveg uasiunsiamasuuy
a T = = 9 [ £ A v o w T a [} ay a I~ [ a
nsnwau Nawlszaeumaniindreny diiisdrdyiumari BannnsEusivesiy
A v oA @ a o ' a = a 7 ol Aoy 2
HUABUAOINU  MuAINad HaudseneumaniituiuInm lodmnei3sauinms uass
1 ] 1 d‘ é v ad a
auszneveglursiiuny FwniugulasmsusndieenlilvosTedduuazumwailomaaiiy
v [ A o o = =} 9 o @
daulvg) Hundhimsiing S3duuusgmenlasldnoulass Sudms wazgluuusig
Y a s a @ a a o 9 v a
imTﬂﬂ“lwmJzmaam1/1mﬂmmummmmmmm%uﬂﬂﬂmﬂumms AMenuAY Inia
4 = 9y K a a a £ [} 9
lodo1gluTeFuneuduienounars a1ndad Ina-osdu nazazuzsy ¥IDYN19A UV

L = A 1 = =1 9 o ]
mauaaﬂmmmumamwumﬂgm%u Lm:ﬂzn“luﬁmazmﬂaemmummaﬂmmamwu
7

@ a L a { 4 1
mmﬁﬁﬂﬂumawuanmmﬂ uazﬂmﬁmiuwummmﬁawumaaﬂ 6l“l«!;i“].]“ll’E)Q‘Igﬂu'i

@

apn/MIganen wazdmlseneumand i

[

o T A 1 dy a a A :{cy 2
gAY VUL Lﬂﬂ%TﬂﬁuﬁUﬂ}ﬂmVl@ﬂﬂWﬂQ
dy = dy =X 9 dy =2 v a 4 d”
ﬂ'lEJnluWLl‘ﬂ'Jll ﬂﬁ1'JLHJ’LTLN?)NaﬂaﬁulmzLuﬂNaﬂNﬁﬂJlLﬂ]"U@ﬁﬁuﬂTlTﬁﬁWﬂLlﬂgﬂaWﬁﬁLu‘ﬂ
¥ [
!.Lfi]I'JLLaglﬁ?JNgﬂWﬁNLLﬁljﬁlﬂﬁﬁuﬂiﬂﬂlﬁﬁﬂM UEAdIN ﬂﬁ'I'JLBJﬁﬂlﬂﬁﬁuﬁﬁﬂﬁﬁWﬂﬁﬁﬁiTﬂWi
S o 9 ' 4 a a 2 @ va A o
WUAITINIAATAUDINUNT IRV QYN mgﬂuwammmsuﬂmmuamium HBIWIINNITN
aaa a A Ay @ 31 s s o ' ] a a a
ﬂ{]ﬂiﬂ"l‘ll'ﬂﬁﬂuﬂuﬂ‘i’lﬁ@uﬂﬂu%ﬂu (Lﬂuﬂ')@fﬂﬁli'nﬂﬂ) ﬂ'l'iﬂi'lﬂ{(]"ll@QWmWﬁIﬁ Lﬂ‘]&lﬂu‘WﬁIa

a 4 @ a 2’ ' a 4
Lmzﬁumma"limi‘_luwaﬂgmﬂjmwumammﬂﬂléfm LL“VIQﬂTW'ﬁiﬁﬂlﬂQ"ljﬂﬁuﬂgcﬂ@ﬁ@ﬁTH



vii

E :wiv
[ [ a‘{d = 9 o o @ da A a 9 [ a 9
%Uﬁ')ﬁﬂmﬂ‘uLﬂfNvlﬂﬂ‘Uﬁﬂ']fﬂﬁlEJ"Uf]Q‘lg’ﬂﬁﬂ‘klm‘ViuQL“U1ul‘l'\l‘i/l!ﬂﬂWiﬂwﬂuﬂlﬂﬁﬁuﬁTﬂﬁaﬁﬂ51?1
Y

Y
v @ a

° = d a { @ va A a 4
W1 AU wuﬂsmmaﬂuumaam‘i‘luwuﬂsmmﬁﬂuamium ﬁ!ﬂﬂmﬂﬂﬁuﬂﬂ Lﬁﬂﬂ%’lﬂﬂﬁ

@ ]

< 3
WHAIBDYIITIALGD



V1il

Thesis Title Origin of Basalt Breccia, Ban Sap Sawat,
Wichian Buri District, Phetchabun Province
Author Ms. Jongkonnee Khanmanee

Degree Master of Science (Geology)

Thesis Advisory Committee

Asst. Prof. Dr. Phisit Limtrakun Chairperson
Assoc. Prof. Dr. Yuenyong Panjasawatwong Member
ABSTRACT

A0

The Ban Sap Sawat basaltic suite, part of Wichian Buri BasaPPh%:Z:ﬁ;fm
Province, covers an area of about 45 km? and is constituted by three main types of
volcanic lithofacies, including lava flows, breccias and volcanogenic sedimentary
rocks. The basalt breccias are either matrix-supported or clast-supported, and consist
of poorly sorted, angular to subrounded, basalt fragments, sitting in the finer-grained
matrix, which is largely made up of highly altered, glassy fragments. Pillow lobes
and pillow fragments have also been observed in association with the basalt breccia in
some places.  The volcanogenic sedimentary rocks include sandstone and

conglomeratic sandstone that are made up of glassy basaltic clasts.

The lava flows, and cobble- to boulder-grade clasts in breccias are commonly
porphyritic, with variable amounts of olivine and plagioclase phenocrysts/
microphenocrysts; seriate-textured basaltic rocks are rare. The groundmass of lava
flows are holocrystalline to hypohyaline, while that of cobble- to boulder-grade clasts
are hypohyaline. ~ The holocrystalline groundmass consists mainly of felted
plagioclase laths, with subordinate clinopyroxene and olivine, and a small amount of

Fe-Ti oxide grains. The hypohyaline groundmass consists mainly of felted



ix
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plagioclase laths and tachylite, and a small amount of olivine grains. The seriate-
textured rocks are made up largely of plagioclase and clinopyroxene that mostly show

ophitic/subophitic relationships.

The matrix-supported breccias consist largely of highly altered, clay- to sand-
grade clasts, with minor granule- to pebble-grade clasts. The gravel-grade clasts are
strongly  vitrophyric basalts, with olivine and plagioclase phenocrysts/
microphenocrysts. Their groundmass constituents are common yellowish brown
sideromelane, and uncommon quench crystals of olivine and plagioclase, and dark or
blackish brown tachylite. At rims of individual clasts, the original groundmass
sideromelane has been commonly replaced by dark bfown palagonite, with minor
bluish and bluish green palagonite. Vesicles, commonly with brownish/bluish green
palagonite- and/or chlorite-altered glassy walls, and infillings of zeolites and clay

minerals, are variably present.

The analyzed lava samples, cobble- to boulder-grade clasts and matrix-
supported breccias have similar chemical compositions, signifying that they were
solidified from the same magma. The rocks are chemically evolved, transitional
tholeiites that have narrow compositional ranges, mainly controlled by removal of -
olivine and plagioclase. Their chondrite-normalized REE patterns and N-MORB
normalized multi-element patterns are closely analogous to the Early-Middle Miocene
tholeiites, Central Sinkhote-Alin and Sakhalin, northeastern margin of the Eurasian

continent, which were erupted in a continental rift environment.

The similarity of lava flows and clasts in basalt breccia, in terms of
phenocryst/microphenocryst assemblage (olivine + plagioclase) and chemical
compositions, signifies that they have been formed from the same continental within -
plate, transitional tholeiitic magma. The holocrystalline to hypohyaline groundmass
of lava flows and the glassy to hypohyaline clasts of breccias show that the former has
slower cooling rates than the latter, which is the product of autobrecciation formed by
the interaction between hot magma and cold water (quenching). The occurrences of

pillow lobes, pillow fragments and peperites are also evidenced for subaqueous lava
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flows. The graphic logs of the Ban Sap Sawat basaltic suite are matched with the
architecture for contemporaneous volcanic facies that develop in association with the

emplacement of subaqueous lava flow. Accordingly, the basalt breccia is autobreccia

produced by quench fragmentation.
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CD4BII-D005 at a depth interval of 15.10-17.80 m showing (a)
cavity-/fracture-infilling zeolites and calcite, and (b) fracture - infilling

zeolites and calcite
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Core samples of coherent facies basaltic lava penetrated in drill hole
CD4BII-DO00S at a depth of 52.40 m showing clast-supported basalt
breccia in the lower part

Core samples of basalt breccia penetrated in drill hole CD4BII-D005
at depths of about (a) 115.70 m and (b) 119.40 m showing clast -
supported breccia in the upper part of coherent lava flow, and a thin
layer of matrix-supported basalt brecia, respectively

Core samples of basalt breccia penetrated in drill hole CD4BII-D005
at a depth of about 124.90 m showing a jigsaw-fit texture and
fracture - infilling zeolites

Core samples of basalt breccia penetrated in drill hole CD4BII-D005
at depths of about (a) 120.55 m and (b) 121.20 m showing matrix-
supported breccia that occurs as layers in clast-supported basalt
breccia

Core samples of basalt breccia penetrated in drill hole CD4BII-D005
at depths of about (a) 25.50 m and (b) 30.10 m showing jigsaw-fit
texture of basaltic clasts with diameters of 50 and 70 cm in respect
manner

Core samples of basalt breccia penetrated in drill hole CD4BII-D005
at depths of about (a) 67.40 m and (b) 71.30 m showing jigsaw-fit
texture and fracture-infilling zeolites

Core samples of basalt breccia penetrated in drill hole CD4BII-D005
at depths of about (a) 110.60 m and (b) 111.70 m

showing jigsaw-fit texture

Map showing the distribution of Wichian Buri basalt, and

sample locations and drill hole locations in the Ban Sap Sawat area
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Xix
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Photomicrographs of a coherent facies basaltic lava (sample no. WB-1)
showing a plagioclase phenocryst with complex zonation, and
holocrystalline groundmass

Photomicrographs of a coherent facies basaltic lava (sample no. WB-8)
displaying a plagioclase glomerocrysts, and groundmass plagioclase,
clinopyroxene and olivine grains

Photomicrographs of a coherent facies basaltic lava (sample no. WB-8)
displaying plagioclase phenocrysts/microphenocryts that are largely
subhedral, and may form as a steilate pattern

Photomicrographs of a coherent facies basaltic lava (sample no. WB-6)
showing phenocrysts/microphenocryts of plagioclase and olivine
Photomicrographs of a coherent facies basaltic lava (sample no.
WB-10) showing phenocrysts/microphenocryts of plagioclase and
olivine that may have rounded edges and chromian spinel inclusions
Photomicrographs of a coherent facies basaltic lava (sample no. WB-4)
showing olivine phenocrysts that occur as an isolated crystal and as a
glomerocrysts, and have been partly replaced by chlorite/serpentine
Photomicrographs of a coherent facies basaltic lava (sample no. WB-9)
displaying felty-textured groundmass that contains plagioclase,
clinopyroxene and olivine

Photomicrographs of a coherent facies basaltic lava (sample no. WB-2)
displaying ophitic/subophitic intergrowths between clinopyroxene
oikocrysts and plagioclase chadacrysts

Photomicrographs of a coherent facies basaltic lava (sample no.
WB-10) displaying ophitic/subophitic intergrowths between
clinopyroxene oikocrysts and plagioclase chadacrysts, and

intergranular clinopyroxene and olivine grains
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Photomicrographs of a coherent facies basaltic lava (sample no. 57
WB-13) showing ophitic/subophitic intergrowths between

smaller plagiolclase chadacrysts and larger clinopyroxene

oikocrysts

Photomicrographs of a coherent facies basaltic lava (sample no. 60
WB-27) showing plagioclase and olivine phenocrysts and displaying
ophitic/subophitic intergrowths between clinopyroxene oikocrysts

and plagioclase chadacrysts

Photomicrographs of a coherent facies basaltic lava (sample no. 61
WB-30) displaying olivine phenocrysts and microphenocrysts

that may contain opaque chrome spinel inclusions, and have

rounded edges and embayed outlines

Photomicrographs of a coherent facies basaltic lava (sample no. 62
WB-36) showing olivine phenocrysts/microphenocrysts with

chromian spinel inclusions, and hypohyaline-textured groundmass
Photomicrographs of a coherent facies basaltic lava (sample no. 63
WB-27) displaying ophitic/subophitic intergrowths between

clinopyroxene oikocrysts and plagioclase chadacrysts

Photomicrographs of a basaltic clast in basalt breccia (sample no. 65
WB-21) showing plagioclase phenocrysts in the hypohyaline

groundmass that is made up largely felted plagioclase laths, with
subordinate blackish tachylite and a small amount of olivine grains
Photomicrographs of a basaltic clast in basalt breccia (sample no. 66
WB-29) showing an embayed plagioclase phenocryst, and the
hypocrystalline groundmass that consists largely felted plagioclase

laths, with subordinate blackish tachylite and a small amount

of olivine grains
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Photomicrographs of a basaltic clast in basalt breccia (sample no. 67
WB-32) showing a stellate aggregate of plagioclase phenocrysts,

and the interstitial minerals to felted plagioclase laths that include

blackish tachylite and olivine grains

Photomicrographs of a basaltic clast in basalt breccia (sample no. 68
WB-19) displaying olivine phenocrysts/microphenocrysts, that is

partly replaced by chlorite/serpentine, olivine-plagioclase

cumulocrysts, hypocrystalline groundmass, with felty plagioclase

laths and blackish tachylite, and vesicle- infilling zeolite and

clay minerals

Photomicrographs of a basaltic clast in basalt breccia (sample no. 69
WB-25) showing plagioclase phenocrysts/microphenocrysts, olivine-
plagioclase cumulocrysts, and the interstitial blackish tachylite
Photomicrographs of a basaltic clast in basalt breccia (sample no. 70
WB-35) displaying a embayed olivine crystals and the groundmass

that is made up mainly of plagioclase laths, quench crystals;

microlite and tachylite

Photomicrographs of a basaltic clast in basalt breccia (sample no. 71
WB-42) displaying a euhedral olivine phenocryst with chromian

spinel inclusions, an olivine-plagioclase glomerocryst, and the
hyalophitic-textured groundmass that is made up mainly of

plagioclase laths, quench olivine and glass |

Photomicrographs of a basaltic clast in basalt breccia (sample no. 73
WB-22) showing a vitrophyric-textured xenolith

Photomicrographs of a basaltic clast in basalt breccia (sample no. 74
WB-14 ) illustrating seriate-textured plagioclase laths with interstitial

tachylite and olivine grains
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Photomicrographs of basalt breccia (sample no. WB-37) showing 76
a coherent basaltic clast with plagioclase glomerocryst, olivine
phenocrysts/microphenocrysts, pale brown sideromelane and
vesicle-infilling zeolites and clay minerals (glassy walls of

vesicles are commonly replaced by brownish palagonite)

Photomicrographs of basalt breccia (sample no. WB-28) showing a 77
coherent basaltic clast with olivine phenocrysts and their chromian

spinel inclusions, pale brown sideromelane rimmed by dark brown

and green colored palagonite, and vesicle- infilling zeolites and clay
minera.ls

Photomicrographs of basalt breccia (sample no. WB-20) showing 78
a coherent olivine- plagioclase phyric clast and the matrix made up

of yellowish brown sideromelane that is rimmed with dark brown

and greenish palagonite.

Photomicrographs of basalt breccia (sample no. WB-20) displaying 79
the matrix vitrophyric clasts, glassy fragments, and crystal fragments,

and zeolite cement. The common sideromelane fragments are

totally replaced by dark brown or bluish green palagonite
Photomicrographs of basalt breccia (sample no. WB-20) showing the 80
matrix portion that consists of vitrophyric, blackish brown tachylite

clasts and sideromelane clasts totally replaced by brownish palagonite
Alkali versus silica plot for the Ban Sap Sap Sawat coherent facies 94
basaltic rocks

Plot of Zt/TiO, versus Nb/Y for the coherent facies basaltic samples 95
from the Ban Sap Sawat area

Plots of (a) SiO, and (b) FeO" against FeO"/MgO for the coherent 96

facies basaltic rocks of the Ban Sap Sawat volcanic suite



Figure

4.4

4.5

4.6

4.7

4.8

4.9

4.10

4.11

4.12

4.13

Xxiii

MgO variation diagrams for SiO,, TiO,, Al,O3, total iron as Fe,0;
MnO, P,0s, CaO and Na,O+K,0 in the Ban Sap Sawat

coherent facies basaltic rocks

MgO variation diagrams for Ba, Rb, Sr, Y, Sc, Zr, Ni, Vand Cr in
the Ban Sap Sawat coherent facies basaltic rocks

Plot of Zr/Y versus Zr for the coherent facies basaltic rocks presented
in this study

Ti/Y-Nb/Y tectonic discrimination diagram for the Ban Sap Sawat
basaltic suite

Plots of K>O/Yb versus Ta/Yb, showing the distribution of coherent
facies basaltic representatives in the Ban Sap Sawat area

Tectonic discrimination diagram in terms of Ti and V showing the
distribution of Ban Sap Sawat coherent facies basaltic rocks
Nb-Zr-Y diagram for the Ban Sap Sawat coherent facies basaltic
rocks

Ti-Zr-Y discrimination diagram for the Ban Sap Sawat coherent
facies basaltic rocks

Chondrite-normalized REE patterns for the representative Ban Sap
Sawat transitional tholeiitic basalts compared with those of Early-
Middle Miocene, Central Sinkhote-Alin and Sakhalin tholeiitic
basalts from the northeastern margin of the Eurasian continent.
N-MORB normalized multi-element diagram displaying the patterns
for eight representative Ban Sap Sawat transitional tholeiitic basalts
compared with those of the Early-Middle Miocene, Central Sinkhote
-Alin and Sakhalin tholeiitic basalts from the northeastern margin

of the Eurasian continent
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3.1
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Graphic lithological logs for drill holes CD4BII-D001,
CDA4BII-D002, CD4BII-D003, CD4BII-D004 and CD4BII-D005
Contemporaneous volcanic facies that develop in association with
the emplacement of subaqueous lava flow and the possible sites
for drill holes CD4BII-D003 (1), CD4BII-D001 and
CD4BII-D004 (2), CD4BII-D002 and CD4BII-D005 (1 and 3)
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