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Abstract

Basalt is spread in Ban Don Ngeun where located in north of Loung PhrabangWe
found basaltic outcrops along highway number 13 from Ban Houykang to Ban Don Ngeun.
Objectives of this study are petrography description, geochemistry, and compare with Nan
suture volcanic rocks and Loei-Petchabun volcanic rocks.

Ban Don Ngeun basalt occurred with permo-carborniferous limestone. Accorrding
to field geology, basalt can be separate into 2 types; massive basalt and pillow basalt that
show pillow structure and indicate the marine environtment. So we were collected 18
sample of basalt to study petrography and geochemistry.

From petrography study, the olivine porphyritic basalt has dominant mineral such as
pyroxene olivine and Ca-plagioclase in phenocryst and show distinguish igneous texture
are porphyritic glomeroporphyritic, subophitic and trachitic. Groundmass are Ca-
plagioclase, clinopyroxene and volcanic glass

Chemically analysis from X-ray Fluorescence Spectrometer (XRF), Ban Don Ngeun
basalt is Tholeiite Basalt and has K,0 0.15 - 1.33 wt%, Na,O 1.65 - 3.53 wt%, TiO, 1.06 —
1.74 wt% Zr 27.10-173.74 ppm .

From tectonics setting interpretation, Ban Don Ngeun basalt is tholeiite basalt that
occurred in mid-oceanic ridge environment and also similar to that of mid-coeanic ridge
basalt in northern Albania. Ti/V ratio is 20-50 and that show Ban Don Ngeun basaltis flood
oceanic basalt. The Ban Don Ngeun basalt relate with Ban Had Nga, Loung Phrabang and
Loei-Phetchabun volcanic belt especially basalt from southwest area of Loei but different

from Nan
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Legend

Quaternary. Alluvial deposits of the Mekong river and its tributaries.

Quaternary (possible also Neogene in part) basalt including alkali varieties

(basanite, limbourgite etc.).

Neogene. Terrestrial deposits preserved in intermontane valleys, some lignite.

Late Mesozoic, mainly Mid-Late Cretaceous, lower part mainly sandstones,
predomaintly line-grained toward the top with thick evaporates, especially rock salt

and gypsum.

Mid-Mesozoic, mainly Late Triassic to Early Cretaceous, predominantly terrestrial
sediments, mainly sandstones. Thin coals in places. Marine Late Triassic occurs in

the NE and the NW. Marine Triassic is found in the SE.

Early Mesozoic, mainly Early-Mid Triassic. Mainly marine terrestrial in certain areas.
Mostly clastic sediments, some limestone. Volcanic rock, mainly acidic (rhyolite,

dacite, tuff) widespread in N and SE

Late Paleozoic (mainly Middle Carboniferous-Permian, some undifferentiated Early
Triassic in the NW). Mainly marine, terrestrial in certain areas with coal in the east,
limestone are the dominant rocks of the marine facies. In the west and south clastic
rock dominate with subsidiary limestone. Volcanic rocks, mainly intermediate

(andecite-dacite) are widespread and of various ages, especially Permian.

Mid-Paleozoic (mainly Devonian-Early Carboniferous, some Silurian) mainly marine
rocks, in places weakly metamorphosed. Limestones commonly occur, and may be

more or less recrystalized to marble.
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Early Paleozoic (Cambrian-Silurian) with probable Proterozoic. Some
undifferentiated Lower Devonian in NE, less generally metamorphosed to phyllites
and schists and marble. Some basic meta-volcanics. Ultramafic lenses occurin a

narrow belt in the NE.
Proterozoic gneiss and schist

NB The age of the Paleozoic formation is uncertain in many areas in the absence of
detailed mapping. The subdivisions Pz 1,2,3 are therefore only a general
indication of overall relative ages. The range extends into the Triassic above,

and probably the Proterozic below in places as noted.

Granite and lesser granodiorite and quartz diorite of Carboniferous, Permian,

Triassic (dominant) and Paleogene age.

Ultrabasic rocks, peridotite and serpentinite of uncertain age, with associated

gabbro etc.

Geological Bouindaries

Approcimate position

Faults

H,r' Approcimate position

51l 2.4 dyanuinlsngluunuissaianenlszinaana (Environment and Sustainable
Development Division (ESDD), 1990)
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51 2.5 WHUNETAUINEN (Geological Map) LIFLIUIINIANAWNIELNN UseinAa

(Modified from Environment and Sustainable Development Division (ESDD), 1990)
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Legend

Late Mesozoic, mainly Mid-Late Cretaceous, lower part mainly sandstones,
predomaintly line-grained toward the top with thick evaporates, especially rock salt

and gypsum

Mid-Mesozoic, mainly Late Triassic to Early Cretaceous, predominantly terrestrial
sediments, mainly sandstones. Thin coals in places. Marine Late Triassic occurs in

the NE and the NW. Marine Triassic is found in the SE

Early Mesozoic, mainly Early-Mid Triassic. Mainly marine terrestrial in certain areas.
Mostly clastic sediments, some limestone. Volcanic rock, mainly acidic (rhyolite,

dacite, tuff) widespread in N and SE

Late Paleozoic (mainly Middle Carboniferous-Permian, some undifferentialed Early
Triassic in the NW) Mainly marine, terrestrial in certain areas with coal in the east,
limestone are the dominant rocks of the marine facies, in the west and south clastic
rock dominate with subsidiary limestone. Volcanic rocks, mainly intermediate

(andecite-dacite) are widespread and of various ages, especially Permian.

Mid-Paleozoic (mainly Devonian-Early Carboniferous, some Silurian) mainly marine
rocks, in places weakly metamorphosed. Limestone commonly occur, and may be

more or less recrystalized to marble.



Granite and lesser granodiorite and quartz diorite of Carboniferous, Permian,

Triassic (dominant) and Paleogene age

Geological Bouindaries

Approcimate position

Faults

e, Approcimate position

51l 2.6 Ayananls NG lukauNETAIMENUTIIMSIUIANAINTZLNN UszinAaa

(Modified from Environment and Sustainable Development Division (ESDD), 1990.)
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limestone WAL basalt
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EXPLANATION FOR BAN DON NGEUN AREA

SEDIMENTARY ROCKS

SYMBOLE
- LIMESTONE ATTITUDE OF BEDDING
BOUNDARY
SHALE _—
IGNEOUS ROCKS
FAULT
BASALT
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Ausatnenliunainnisduluniagunazinusisanmaedafuukuiueng  ua
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fuvzteasmn IAAsaanmagunAneiluaIwan 15 faatng

ANA2RENLLL Hand speciment WAZLHWANEAFTEL WUz seamnnuRiied
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wdeenluntig - war@sn untign  wuanHUEeNULLL aphaneritic Aphenocrystiuin
2-5mm (Rsd 4.1)

annsAnnielindesqanssaiuasing laduudn dastisdauluniilszneullfos
SRT1EIUTLUING phenocryst WAz groundmass Uszanas 30 : 70 wawunnuliun plagioclase,
clinopyroxene, orthopyroxene, olivin LWag volcanic glass

Phenocryst HAN®UzILIL subhedral-anhedral HugifuAa plagioclase NNFLIFIULIL
Wi (lath) (991l 4.4) wazdl An content agjse1914 61-75 T94nLTIUW bytownite 13 pyroxene N
aquluniilu Clinopyroxene Wi orthopyroxene tingidntias wuus olivine nszaneniluauau
11N wAY §anLILs chlorite Miluusvmnn (g1l 4.3)

o P ™ ¥ . Ao ° )

@ﬂwmuu@wumujwwuimm supohitic texture NULLT pyroxene AMWIN clinopyroxene
axWg plagioclase el (@Jgﬂ 4.2) WU Glomeroporphyritic texture (@jgﬂ 4.3)bas porphyritic
texture (g3t 4.4) \unanaanfidsenavlilfaausarnan plagioclase, clinopyroxene uay
olivine fansauliFe@nusanan plagioclase, clinopyroxene, volcanic glass Wae chlorite
P | A e el a = o o a ~
Faflundnpand danwaznislualdluianieneaiu taasaneuznisinaresiuuiln
(trachitic texture) wuansauznisiadinldluidlananis orthopyroxene Waz clinopyroxene
LARNANTOLE embayment texture (931 4.5) WanainiluungdaeegEInLILANUS clino-
pyroxene AN19GeElunnaBsaiuuAns branching texture (931 4.6)

Groundmass Anutlsznaullfaaug plagioclase, clinopyroxene, olivine, volcanic

a G

glass taedusnReiiiluug chiorite (A31 4.7) WUANHULIUANUWULIL trachytic UAAIANHTUE

u

nsluaaesfiuniie (AU 4.4)
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51 4.1 fradeuduiuaniFauraIRuLsTaaANILERY N. WANWWLL aphaneritic
o ' o ad o = a a o '
(A2a£19 DNGO6 : agl 4.8 AmSUNAY) Uag 2. LANANARNTUIA 2-5 NARLNAT(AIREN
DNGO3 : pg1l 4.8 1usunag)
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1 mm

51l 4.2 mwanaannaaqanssAnuadnatlsduanatianuuul subophitic

(A@814 DNG19 : ag1l 4.8 A nsuing
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1 mm

1 mm

51 4.3 MWAIEAINNADIANTTAULAIINAT LS TUAAUUAN VLU Glomeroporphyritic
(A22£19 DNG18 : agil 4.8 dmsunma)
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51l 4.6 MmwanaaInnAaKRanssABLAInaTlsduantaNulLL branching

(A7@819 DNGO3 : agil 4.8 A nsuing)
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4.2 n1FALUNTUANY
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UNN 5
= =
[TULAN
ANTANESTERLAR ARELATE X-ray Fluorescence Spectrometer (XRF)azlfAaeAtsznay
wanynaadl 1iun Sio,, Tio,, AlLO,, Fe,0,, Ca0, K,0, MgO, MnO, Na,0, uay P,0, luaan
wieaiu Taalduannis Wavelength Dispersive X-ray lngnaniadiandaniasasazgnacldadiuey
st aie fAduRsTsenAuaIas1eiLTuumaaey  wiaiia X-ray Fluorescence hnsenuriu

o al

crystal  udnaslleagannadniad (Detector) tnalinaniamaiiliugailssunananazatunnnig

4

119U TRALATAIUINTBIE N HBINTIATIZINT BN

5.1 81paIAlsENaUUAN (Major oxide)

ANNIIARLRANFALWNIULZTIBRAAUIN 13 ARt NNNANHEIIAN WLFNHB16
BALTTNALNAN ﬁﬂﬁ”SiOZ 41.15 - 46.84 %, TiO, 1.06 — 1.74 %, AlLO, 11.98 — 15.41 %, Fe,0,
9.78 — 14.08 %, Ca0 3.01- 10.07 %, K,O0 0.15 - 1.33 %, MgO 11.05 - 23.09 %, MnO 0.18 —
0.26 %, Na,O 1.65 — 3.53 %, P, 0, 0.06 — 0.24 % Faiien Ti uaz Zr mlndiAseiuivuzaeasiain
MORBAWLMmewwilevesszimAsaile (Diek et al, 2008) WarunRaufiauiu TAS
diagram (Le Bas et al., 1986) W11 fhatnadiuuzteafluiuiAnEtinuneuduiuivussoas
funlasuzgeas waziuminssfustaalus u@ﬂmﬂ?:ﬂ“\immmﬁuummﬁzﬁf;uﬁmm&iﬁmﬂuﬁu
subalkali/tholeiite basalt AatixAFaLMELL AFM Diagram 994 Irvin uaz Baragar 1111971 (31l
5.2) ﬂzwudﬁﬁuummﬁﬁﬁﬂmﬁmmzﬁuﬁuﬁrﬁumjm tholeiite

fiaifienii Mn02-Ti02-P205 Discrimination Diagram 184 Mullen 113l 1983 (g1 5.3)
WUq1 Ausiaaeinaiiy Island-Arc Tholeiite waz Mid-Oceanic Ridge Basalt Wiwifaeniy FAM

1 v 1 1
Triangular Diagram 284 Pearce 1utl 1977 (g3t 5.4) MuaasliiviudndaatineianunanTununnidu

Oceanic-ridge A% floor
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51l 5.1 Total Alkali-SiO2 Discrimination diagram 1aIRULZHANA LULFIIMLNUABURY
%adqﬂmg'aﬂ”luﬁuﬁmmumﬂaﬁqusubalkali/tholeiite (ns1WannLe Bas et al, 1986)

51l 5.2 AFM Variation Triangular Diagram 83Uz daas UL IMTINUARURUTIRY

°luﬁu‘l7.l°ll'm tholeiite (N91WanN Irvin and Baragar, 1971)



51l 5.3 MnO2-Ti02-P205 Discrimination Triangular 2aeRULZHANA LULFIIMLNUADY
ﬁu%dw”lmﬁaé’luﬁuﬁlAT (nga1Wa1n Mullen, 1983)

51l 5.4 FAM Triangular Diagram 2asfiuvzaaas luLFnlnuAauRuTad luN Uiy

13134 oceanic ridge and floor (N31Wa1N Pearce, 1977)
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5.2 ﬁ’]ﬁlwuﬁ'ﬂﬂ (Trace element)

AMsANEA trace element@’mm?l‘m X-ray Fluorescence Spectrometer (XRF) WLAYULIE
HAAFND16 Ti, V, Sr, Zr uazwu Cr, Ni, Cu Tuungdanting (9a1919 5.1) angl 5.5 uaz 5.6 axnLdn
funzaeasmAnsaalunanluiuinithy Island-arc Tholeiite waz MORB Watenlu Ti-zr
Discrimination Diagram Lﬂiuﬁmﬁummﬁ@’m Ti-Zr-Sr Discrimination Triangular Diagram %\11/13\1‘11@\‘1
aedlanzunsuifluaes Pearce waz Cann 1utl 1973 uaziidnsdausyning Tin 49 20-50 Atfaly

ANBULLLL oceanic flood basalt (Shervais, 1982)

51l 5.5 Ti-Zr Discrimination Diagram A9RULSIAAA bULFIMINUADUIRY
(ngaWann Pearce and Cann, 1973)
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g‘ﬂ 5.6 Ti-Zr-Sr Discrimination Triangular Diagram AasRULLEARA lULT DM UAR LR

(nsaWan Pearce and Cann, 1973)

OFB

g1 5.7 Ti-V Discrimination Diagram PRIRULLIRAA LULZLIUTNUABRLIRW(NSINAIN
Shervais, 1982)



M99 5.1 Major-oxide and some trace element analyse of basalt from Ban Don Ngeun, Loung Phrabang, Lao PDR.

Sample DNG02 DNG03 DNG05 DNG06 DNG08 DNG10 DNG12 DNG13 DNG14 DNG16 DNG17 DNG18 DNG19
Major oxides (Wt%)

Si02 43.33 41.15 42.82 46.84 42.54 45.60 42.36 44.37 43.93 43.66 42.18 42.24 45,5
TiO2 1.15 1.40 1.14 1.38 1.59 1.74 1.06 1.25 1.06 1.49 1.36 1.37 1.31
Al203 13.88 12.46 13.46 15.41 13.90 14.48 11.98 14.39 13.88 13.72 13.82 13.81 13.31
Fe203 9.78 12.84 12.16 10.33 14.08 11.73 10.95 11.88 11.88 11.64 11.81 11.35 11.43
MnO 0.16 0.30 0.19 0.19 0.26 0.15 0.19 0.20 0.18 0.23 0.24 0.25 0.20
MgO 14.76 23.09 12.83 11.05 13.91 11.06 16.94 12.04 12.73 12.49 15.66 16.68 9.76
CaO 9.36 3.01 7.09 7.51 3.25 6.52 10.07 7.57 7.44 7.97 5.30 6.07 11.10
Na20 1.65 1.82 2.06 3.53 2.68 3.30 2.08 2.49 2.42 2.53 2.10 2.20 2.48
K20 1.17 0.15 0.83 0.24 0.69 0.33 0.24 0.89 0.73 0.83 1.33 0.31 0.14
P205 0.06 0.06 0.09 0.24 0.17 0.14 0.05 0.11 0.12 0.19 0.09 0.10 0.13
LOI 5.78 4.67 4.23 4.99 5.23 4.55 4.18 5.43 412 4.23 451 4.74 411
TOTAL 101.08 100.95 96.90 101.71 98.30 99.60 100.10 100.62 98.49 98.98 98.40 99.12 99.47
Trace element (ppm)

Ti 6881.97 8483.94 6840.61 8358.67 9638.79 10562.58 6343.64 7520.3 6336.67 9030.91 8214.39 8248.33 7893.18
V 234.13 325.34 24371 238.84 281.77 273.71 211.09 246.59 214.03 285.54 252.35 273.4 280.41
Cr 361.31 345.54 322.04 436.88 346.07 290.91 431.96
Ni 238.52 309.62 166.53 239.15 168.04

Cu 81.27 83.80 72.16 76.90 72.31 68.30
Sr 144.18 80.60 65.67 260.14 101.21 19.29 207.88 96.11 129.81 156.8 112.76 173.08 164.08
Zr 27.10 50.31 44.69 137.81 173.84 119.36 36.51 42.19 46.10 70.72 67.53 50.53 36.66

6
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6.1 aNUs18uan1sANEIARIIFTIUUN
AN ANENNAANITTUUINLN FunsaasTmyluiuiiiuivolivine porphyritic
pasalt findnsusilunanidaneniianailonendous 1-5 Tadwns Usznavlfanus
plagioclase aMWaN bytownite fil&nmniy subhedral f4 anhedral Wil pyroxenelnaaaulun
W44 clinopyro- xene 1NNN91 othopyroxene yaNANTE L olivine, volcanic glass WAZLLT
yAagilEu chiorite uazildnunizadnefiiinuzreadinuluiuiitinumen (UATF amadudg,
2553) %q@fgmﬂﬁmmﬁyuﬁﬁﬂmﬁmm@uﬁuﬂizmm 20-30 Alawms wazilsznauldfqediu uy
710484 2 T0A AD olivine porphyritic basalt, plagioclase phyric basalt

a

AINN1IANEI28HATY 9nsAug, 2553 TuLFuiunmne wudiiuurreaniduiv

Q

]
| [ %

1NN olivine phyric basalt ﬁflLL‘j“vmﬂLﬂuLLéplagioclaseLﬂu phenocryst Wamicrolite
micropyroxene LWazopage minerallfuHanuT WUAN B texturellUL trachyticllag
. . A A a A . Aa e o . . @
amiygaloidal #iandiiapaphyric basalt NHuIuaniily olivine Was plagioclaseliluphenocryst
Wanwuudplagioclaselnaifitexturewtill subophitic WazwuLLLtrachytictinaianiiasl
annsAnEuUaiudatinan IWas- Wy sninauLu (Intasopa. 1993)WL91 e
- @ W R A e My . . g o
gaasiiunan tholeiite Telusuanlaun augitellas plagioclase Nidtexturelili poikilitic AN
alterationt@ntiagAINLLFAININChlorite WanANNHEINLAULTaaFaNTIAAR spiliteNNLInan
umiceolitellanaaniue trachytic texture WATWU vesicular texturegmmuﬁﬁfaﬂ chlorite
AMNANHULAINANIM ITANARAIAULE TR AR WAL AN NN AN B UEN19RA19T0UUN

pdupasLANLzgasTnL TuLTn At UIA LAz LT LW AR AT I e e sy a0l
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6.2 anUsanan1sAnEasULAN
= N A . . | A A ) | @
AINNITANHBTOULANLRS major oxidelas trace element wmmumﬂnm@mimmﬂu
Huvzaeasinetlunguaes tholeiite basalt itwhaiuiiuLzaeadnwulutinumng (AR5 gas
aug, 2553) Inadl K,0 0.15 — 1.33 wt%, Na,O 1.65 — 3.53 wt%, TiO,, 1.06 — 1.74 wi% K,O
0.15 — 1.33 Wt% WazTi/V =20-50 TIUAAIINNTAATIAULLIL oceanic flood basalt
& . N o A Yy A o oa el a o o
uananniasAdsenaun1aualdelanunf iR iuALLZIa AR A LA =L NaNIANAN
axN3(MORB) MWUNmeumiiavadlszinAdaile (Diek et al., 2008)
= a a a A [<3 a a o
nuAnEdTELaLRNUSIaas U 2 USniAe LaAzduastiiiulaziuaiusall
nrnlae-wasysnitsngan wansiUaIUNWRANTI,P,Kge (TI02=2.14-4.70, P205=0.24-1.30,
K20=0.1-1.87) (Yang et al., 2008) wazi TilV 44n41 50 (Panjasawatwong and Yaowanoiyothin,
2003) AouiuLrTaas Wwiuaatg T IWae-wasysallAnTi, P Anuas Na nduaeiumium
AN UTINUARLIRY (TI02=0.10-2.72 W%, P205=0.07-0.21 wi%, P,O, 0.06 — 0.24 wt%

A o

Na20=1.90-4.23 wt%) WasHamns Ti/V 351378 20-50 (Intasopa, 1993; Charusiri et al,1995)
u@ﬂmﬂﬁm?ﬁmummmﬁm major oxidellae trace element Inelaezunsnaes Pearce and
Cann, (1973) Waz Shervais, (1982) WuaiuLzsaas LT N uRTinuaauRugau iy
Fuvzaeadaiia tholeiite basalt TauNewiLAuLTaasnnL ludsudnias (Intasopa, 1993)
v = a o v a T Aa a v a = 6
andiayaniessiiniinianAndnAuuseas LW BMinuasuEuReAlszna LN
iR ARNgAATLAULz T AR WL Tl aTINU AL LAz LT LW uE AT N I A e- s

g A o A dl <1 a
yendunnndndiudainuan anuluuwanziduasiiiug

6.3 MsulapnuununaansuznessiulsdygIu
RINNIINIMUAATBNEIR major oxidelas trace element UBIAULTTRAH HLIFLIMUTINY
pauRuaznudiunutholeiite basalt Ainlugn nuIndeNLLLNBNIAINA9E4NF(MORB)

o a

FULALIAUFUL LT AR UL TN LU AN AR U TR NUN TN UABLIRY ANNTILNI UG

o—

a o

¥5 an3dug, 2553 T¢lAAnsGeochronology a1nnsmengineds Ar/Ar? lienyetludaing
LaaTnmalLlany
Yang wazanelisneaulud) 2008 PBanfiuvzaeas lusnnmuinziduinu (Nan

A [~1 a A . dl a a 1
suture zone) VI’]Q[}‘]@MLVU@%@\‘]‘U?%LV}ﬂiﬂﬂLﬂuﬂuUZ‘ﬁﬂ@mﬁjuﬁ alkali basalt wmmiummmmg
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NzgUlANaNsayns  HHANUANGNSATN Tholeiite basalt Fvag lutinuaauRunAaly

ANNUIARDNULLINANINNAWNAYNI(MORB)

v
a o 1%

annsANETudATg I INT S INeYIng dandaiaaaad Charusiriazmnis il
1995 wudniiusaiigun i weniliilufiu cal-alkali volcanics iR AGNRUETLNTY AFI IR
tnszulfAansenzeaqan iy us Intasopa,1993 lseunsineiiuuzseadis
waNRzduRNRe lFrasdadnmanudn uhiu tholeiite basalt waz spilite AAnludnus
AUMNANNINAYNS

angl 6.1, 6.2 uaz 6.3 AelEinsnBaufleuesdlssneumaniszinsfiuuzaeasi
wulutiumeuiy, fnumaa, iuinansdunn@odlfreas uasingnilgan g wnerna
Favdaias aznudniusatiing lus s unevinaiiuiiu cal-alkali volcanics waZRAKLL
orogenics LANFANsAN Lz TaasANL L B euuas eyl due s miniaes
\{lu tholeiite basalt ﬁLﬁmiumnﬂw oceanic ridge kag floor uﬂﬂ@’mﬁ”(Pearce and Cann,
1973; Pearce, 1977) uananililewleudne Tiv uliasienmeglutauieaiuusiusaiingen
lvinaasd Ti uaz v feendn

nsulapnumneanEuenes sl sdny gL ALz sea s LB MIN A WY

\AANE UL Mid-oceanic ridge waziiaaNdniusiuuwatiugaiinuniae-iwasynd

YNNI AU WEULRALLL oceanic island
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g‘ﬂ 6.1 Ti-Zr-Y Discrimination Triangular Diagram (ng1Wa1n Pearce and Cann, 1973) WAAI LI
Wiudnduuzgaadlutdnaiunaudu thumaneastdnaiuinepmsiuanaaddeasani
ashsznaumaafiaglufiudl IAT uaz MORB wdazuanasaniiudatipuanlninglua i Sawin
naidailu CAB 1iuLieaAunaann Ti-Zr-Sr Discrimination Triangular (ngAWann Pearce and Cann,
1973)
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. . . . . (3 ' ' a
51l 6.2 Ti-Zr Discrimination Diagram WAASIALAUANLANANNTEUINRULIETARA b
UFainunaulty §u humanuastsuununinensiuandadlarasas Nagluinui
2849 IAT waz MORB wansaaniuaatgn lwinulua ind ARandnaaiadluiun CAB

(nsaNann Pearce and Cann, 1973)



51l 6.3 FAM Triangular Diagram f5auiiguiiuuzdaaf luLisaninuaauiy,
fhuman (BR55 aneRug, 2553) aziuanidaddueas deaglufuiiniilu oceanic
ridge and floor ﬁ'uﬁué’mﬁgwﬂﬂﬁﬁm’lué’numz orogenic ludLnanng sandaias
(Charusiri et al, 1995) (nsaWann Pearce, 1977)
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31 6.4 Ti-V Discrimination Diagram (ns1Wa1nShervais, 1982) NUMRULETIRRA LY
U3aunauty humnn(iasy ansdug, 2553) azduanidaslaracas uasiuanil
anliwulua ina QaudIpeadaAn TiV agludaumaany uakuaniganlWinaaziisis

Ti wag V /71090
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UNN7
=
dgUunan1sAnmn

Fuvzgeadnnu TuuTutinuaawte Sandanatanszud Ussmaan uiiu olivine

phyric basalt aannNsANAa12990uUN IneiusesRLsznauvanAews clinopyroxene olivine
X @ PRE G ' . .

azCa-plagioclase il phenocryst tazdiiiawuliluig Ca-plagioclase, clinopyroxene Lay
volcanic glass WARIANEIUL trachytic texture WANAINTMNIFANEINIARUINEINLIAN DL
ArdnyAalasaingglunennassisaniaznsaianiianisssiiauazudasolunzia aan
nsAnesstilanudivLzgaasasulginuiluiiu tholeiite basalt Nds6ALAR K,0 0.15
—1.33 W%, Na,O 1.65 — 3.53 wt%, TiO, 1.06 — 1.74 wt% K,O 0.15 — 1.33 wt% Geaann&as
filtholeiite basalt VTQM‘EMLﬁmlummwﬂ’]iLLﬂiﬁa&lgmmé’mﬁuLﬁfﬂﬂmﬂmmgm(MORB)

= o [ v a [ a o a c
UAaEHANNAUNUS INALARINAY LLuwu@ﬂuqmﬂw bAEI-LNTILTTU
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HR3LAsIzLANaaNldAs1AUAN (Major Oxide)

Sample | DNG02 | DNGO3 | DNGO05 | DNG06 | DNG08 | DNG10 | DNG12 | DNG13 | DNG14 | DNG16 | DNG17 | DNG18 | DNG19
Si02 43.33 41.15 42.82 46.84 42.54 45.60 42.36 44.37 43.93 43.66 42.18 42.24 45.50
TiO2 1.15 1.40 1.14 1.38 1.59 1.74 1.06 1.25 1.06 1.49 1.36 1.37 1.31
Al203 13.88 12.46 13.46 15.41 13.90 14.48 11.98 14.39 13.88 13.72 13.82 13.81 13.31
Fe203 9.78 12.84 12.16 10.33 14.08 11.73 10.95 11.88 11.88 11.64 11.81 11.35 11.43
MnO 0.16 0.30 0.19 0.19 0.26 0.15 0.19 0.20 0.18 0.23 0.24 0.25 0.20
MgO 14.76 23.09 12.83 11.05 13.91 11.06 16.94 12.04 12.73 12.49 15.66 16.68 9.76
CaO 9.36 3.01 7.09 7.51 3.25 6.52 10.07 7.57 7.44 7.97 5.30 6.07 11.10
Na20 1.65 1.82 2.06 3.53 2.68 3.30 2.08 2.49 2.42 2.53 2.10 2.20 2.48
K20 117 0.15 0.83 0.24 0.69 0.33 0.24 0.89 0.73 0.83 1.33 0.31 0.14
P205 0.06 0.06 0.09 0.24 0.17 0.14 0.05 0.11 0.12 0.19 0.09 0.10 0.13
LOI 5.78 4.67 4.23 4.99 5.23 4.55 4.18 5.43 412 4.23 4.51 4.74 411
TOTAL 101.08 | 100.95 96.90 | 101.71 98.30 99.60 | 100.10 | 100.62 98.49 98.98 98.40 99.12 99.47




2500

2000

1500

1000

500

Standard | Conc.(%) | Intensity(Cps)
JB-1b 9.24 1512.978
JG-2 0.33 208.001
GSP-2 4.9 871.259
SDO-1 9.34 1807.919
Chart Title

y=163.84x +124.78
R?=0.9716

10 15

*

Intensity(Cps)

Linear (Intensity(Cps))

Sample | conc.(%) Intensity(Cps)
DNGO02 9.775415039 1726.384
DNGO03 12.84147339 2228.727
DNGO05 1215764771 2116.689
DNGO06 10.33262939 1817.678
DNGO08 14.07727661 2431.201
DNG10 11.72896729 2046.454
DNG12 10.95038452 1918.891
DNG13 11.88499146 2072.017
DNG14 11.87528076 2070.426
DNG16 11.64026489 2031.921
DNG17 11.81233521 2060.113
DNG18 12.35374756 2148.818
DNG19 11.43457642 1998.221




@

Standard Conc. (%) | Intensity(Cps)
JB-1b 52.26 604.232
JG-2 76.83 1023.975
GSP-2 66.6 888.777
Chart Title
1200
1000
800 -
600 | @ Intensity(Cps)
400 - Linear (Intensity(Cps))
200 7 y=17.261x - 286.97
o+ R'=09887
0 20 40 60 80 100

Sample Conc. (%) Intensity(Cps)
DNGO02 43.32558948 460.873
DNGO03 41.1521928 423.358
DNGO05 42.82040438 452.153
DNGO06 46.84131858 521.558
DNGO08 42.54197323 447.347
DNG10 45.60066045 500.143
DNG12 42.35548346 444128
DNG13 44.37141533 478.925
DNG14 43.92729274 471.259
DNG16 43.66270784 466.692
DNG17 42.17913215 441.084
DNG18 42.23758763 442.093
DNG19 45.50031864 498.411




&
(@)

Rock Conc.

Standard (%) Intensity(Cps)

JB-1b 2.72 29.706

JG-2 3.54 43.88

GSP-2 2.78 33.536

SDO-1 0.38 4.362

Chart Title
60
50
40
30 @ Intensity(Cps)
20 Linear (Intensity(Cps))
10 y =11.906x
R* =0.9877

Sample Conc.(%) Intensity(Cps)
DNGO02 1.647908618 19.62
DNGO03 1.821434571 21.686
DNGO05 2.061145641 24.54
DNGO06 3.531748698 42.049
DNGO08 2.679825298 31.906
DNG10 3.300940702 39.301
DNG12 2.080883588 24775
DNG13 2.493952629 29.693
DNG14 2.424407862 28.865
DNG16 2.526877205 30.085
DNG17 2.096002016 24.955
DNG18 2.195783639 26.143
DNG19 2.478834201 29.513




g

Standard Conc.(%) | Intensity(Cps)
JB-1b 8.63 143.154
GSP-2 0.96 27.966
SDO-1 1.54 41.517
Chart Title
160 -
140 -
120 -
100
80 | @ Intensity(Cps)
60 | Linear (Intensity(Cps))
40 - y=14.73x +16.231
20 R*=0.9984
0
0 4 6 8 10

Sample Conc.(%) Intensity(Cps)
DNGO02 | 14.75607604 233.588
DNGO03 | 23.0934148 356.397
DNGO05 | 12.82586558 205.156
DNGO06 | 11.04820095 178.971
DNGO08 | 13.91418873 221.187
DNG10 | 11.07528853 179.37
DNG12 | 16.94168364 265.782
DNG13 | 12.04243041 193.616
DNG14 | 12.73441955 203.809
DNG16 | 12.48940937 200.2
DNG17 | 15.66184657 246.93
DNG18 | 16.67576375 261.865
DNG19 | 9.758452138 159.973




Standard

Conc. (%)

Intensity(Cps)

JB-1b

14.63

242.781

Sample Conc.(%) Intensity(Cps)
DNGO02 13.87812 230.304
DNGO03 12.45888 206.752
DNGO05 13.4575 223.324
DNGO6 15.41156 255.751
DNGO08 13.90017 230.67
DNG10 14.47849 240.267
DNG12 11.98065 198.816
DNG13 14.38617 238.735
DNG14 13.87517 230.255
DNG16 13.72434 227.752
DNG17 13.71903 227.664
DNG18 13.80641 229.114
DNG19 13.3071 220.828




Standard

Conc. (%)

Intensity(Cps)

JB-1b

0.244

3.471

Sample Conc.(%) Intensity(Cps)
DNGO02 0.063759379 0.907
DNGO03 0.05531868 0.918
DNGO05 0.08508712 1.412
DNGO06 0.23603842 3.917
DNGO08 0.17481426 2.901
DNG10 0.13847748 2.298
DNG12 0.05085944 0.844
DNG13 0.11051684 1.834
DNG14 0.1208213 2.005
DNG16 0.18614314 3.089
DNG17 0.09177598 1.523
DNG18 0.0961147 1.595
DNG19 0.12546132 2.082




=
(@)

Standard Conc. (%) | Intensity(Cps)
JB-1b 1.32 76.341
JG-2 4.71 256.64
GSP-2 5.38 289.883
SDO-1 3.35 203.4
Chart Title
350
300
250
200 *
@ Intensity(Cps)
150 7 Linear (Intensity(Cps))
100
y =55.396x
50 5
R =0.9844
0
0 2 4 6

Sample Conc.(%) Intensity(Cps)
DNGO02 1.167864106 64.695
DNGO03 0.148133439 8.206
DNGO05 0.828164488 45.877
DNGO6 0.23669579 13.112
DNGO08 0.68649361 38.029
DNG10 0.332171998 18.401
DNG12 0.243284714 13.477
DNG13 0.892338797 49.432
DNG14 0.732182829 40.56
DNG16 0.828200592 45.879
DNG17 1.328308903 73.583
DNG18 0.312369124 17.304
DNG19 0.13708571 7.594




O
o
O

Standard Conc. (%) Intensity(Cps)
JB-1b 9.69 420.271
JG-2 0.7 30.899
GSP-2 2.1 89.473
SDO-1 1.05 48.866
Chart Title
600
500 -
400 -
300 @ Intensity(Cps)
200 - Linear (Intensity(Cps))
y=43.239x +1.0118
100 - R® =0.9999
0

15

Sample Conc.(%) Intensity(Cps)
DNGO02 9.358708573 405.673
DNGO03 3.007451606 131.051
DNGO05 7.091542358 307.643
DNGO06 7.509706515 325.724
DNGO08 3.251305534 141.595
DNG10 6.515788987 282.748
DNG12 10.0710516 436.474
DNG13 7.569259234 328.299
DNG14 7.439746525 322.699
DNG16 7.972460048 345.733
DNG17 5.304035709 230.353
DNG18 6.068854506 263.423
DNG19 11.09864243 480.906




=

Standard | Conc. (%) | Intensity(Cps)
JB-1b 1.24 51.866
JG-2 0.044 2.803
GSP-2 0.66 29.552
Chart Title
60
50
40
30 € Intensity(Cps)
20 Linear (Intensity(Cps))
y=41.047x+1.475
10 / R’ =0.9988
0
0 0.5 1 15

Sample Conc.(%) | Intensity(Cps)
DNGO02 1.146686 48.543
DNGO03 1.404268 59.116
DNGO05 1.140035 48.27
DNGO06 1.383804 58.276
DNGO08 1.589958 66.738
DNG10 1.738495 72.835
DNG12 1.060126 44.99
DNG13 1.249324 52.756
DNG14 1.059006 44.944
DNG16 1.492216 62.726
DNG17 1.360928 57.337
DNG18 1.366385 57.561
DNG19 1.30928 55.217




<
-}
@]

Standard Conc. (%) | Intensity(Cps)

JB-1b 0.148 22.161

JG-2 0.016 5.357

SDO-1 0.042 9.697

Chart Title
25
y =124.49x + 3.8564
2 —
20 - R" =0.9959
15 -
€ Intensity(Cps)

10 - Linear (Intensity(Cps))

5 —

0

0 0.05 0.1 0.15

Sample Conc.(%) Intensity(Cps)
DNGO02 0.157342758 23.444
DNGO03 0.299635312 41.158
DNGO05 0.192670897 27.842
DNGO06 0.192719094 27.848
DNGO08-2 0.255390794 35.65
DNG10 0.154812435 23.129
DNG12 0.191650735 27.715
DNG13 0.202278095 29.038
DNG14 0.180268295 26.298
DNG16 0.226480842 32.051
DNG17 0.245807695 34.457
DNG18 0.245389991 34.405
DNG19 0.202631537 29.082




NA3LASIREIANLTBE(Trace element)

Sample | Ti V Cr Ni Cu Sr Zr

DNGO02 6881.97 | 23413 | 361.31| 238.52 81.27 | 14418 271
DNGO03 | 8483.94 | 325.34 | 34554 83.8 80.6 50.31
DNGO05 6840.61 | 243.71 | 322.04 65.67 44.69
DNGO06 | 8358.67 | 238.84 260.14 | 137.81
DNGO08 9638.79 | 281.77 101.21 173.84
DNG10 | 10562.58 | 273.71 19.29 | 119.36
DNG12 | 6343.64 | 211.09 | 436.88 | 309.62 207.88 36.51
DNG13 7520.3 | 246.59 72.16 96.11 42.19
DNG14 6336.67 | 214.03 166.53 129.81 46.1
DNG16 | 9030.91 | 285.54 156.8 70.72
DNG17 821439 | 252.35| 346.07 | 239.15 76.9 | 112.76 67.53
DNG18 | 8248.33 273.4 | 290.91 | 168.04 72.31| 173.08 50.53
DNG19 | 7893.18 | 280.41 | 431.96 68.3 | 164.08 36.66




Standard Conc.(ppm) Intensity
GSP-2 4000 29.552
JB-1b 7733.55 51.866
JG-2 263.78 2.803
SDO-1 4256.5 35.692
Chart Title
60
50 *
40
L 2
30 ¢ Intensity
20 Linear (Intensity)
y =0.0066x +3.122
10 R*=0.9764
0 <

0 2000

4000 6000 8000 10000

Sample Conc.(ppm) Intensity
DNGO02 6881.969697 | 48.543
DNGO3 8483.939394 | 59.116
DNGO05 6840.606061 48.27
DNGO6 8356.666667 | 58.276
DNGO08 9638.787879 | 66.738
DNG10 10562.57576 | 72.835
DNG12 6343.636364 44.99
DNG13 7520.30303 | 52.756
DNG14 6336.666667 | 44.944
DNG16 9030.909091 62.726
DNG17 8214.393939 | 57.337
DNG18 8248.333333 | 57.561
DNG19 7893.181818 | 55.217




<

Standard Conc.(ppm) | Intensity
GSP-2 52 3.474
JB-1b 232 5.944
JG-2 3.78 1.334
SDO-1 160 5.229
Chart Title
7
6 \ 2
5 L
4
X3 @ Intensity
37 Linear (Intensity)
2 y=0.0191x + 1.8541
. hd R? =0.9241
0
0 50 100 150 200 250

Sample Conc.(ppm) | intensity
DNGO02 234.1308901 6.326
DNGO3 325.3350785 8.068
DNGO05 243.7120419 6.509
DNGO6 238.8429319 6.416
DNGO08 281.7748691 7.236
DNG10 273.7120419 7.082
DNG12 211.0942408 5.886
DNG13 246.591623 6.564
DNG14 214.026178 5.942
DNG16 285.5445026 7.308
DNG17 252.3507853 6.674
DNG18 273.3979058 7.076
DNG19 280.4136126 7.21




Standard Conc.(ppm) Intensity
GSP-2 20 2175
JB-1b 430 7.454
JG-2 6.37 2.192
SDO-1 66.4 3.303
Chart Title
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7 .
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3 )2 Linear (Intensity)
5 y=0.0124x +2.1607
R>=0.9915
1 .
0
0 100 200 300 400 500

Sample Conc.(ppm) Intensity
DNGO02 361.3145161 6.641
DNGO03 354.5403226 6.557
DNGO05 322.0403226 6.154
DNGO6
DNGO08
DNG10
DNG12 436.8790323 7.578
DNG13
DNG14
DNG16
DNG17 346.0725806 6.452
DNG18 290.9112903 5.768
DNG19 431.9596774 7.517




Sample

Conc.(ppm)

Intensity

DNG02

238.5173502

13.013

DNGO3

DNGO05

DNGO6

DNGO08

Standard Conc.(ppm) | Intensity
GSP-2 17 5.601
JB-1b 157 9.869
SDO-1 99.5 9.555
JG-2 4.35 nd
Chart Title
12
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g
6 | € Intensity
4 Linear (Intensity)
y=0.0317x +5.452
27 R? =0.8793
0
0 50 100 150 200

DNG10

DNG12

309.6214511

15.267

DNG13

DNG14

166.5299685

10.731

DNG16

DNG17

239.148265

13.033

DNG18

168.044164
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Standard Conc.(ppm) Intensity
JB-1b 57 9.798
SDO-1 60.2 | 10.426
GSP-2 47 11.554
JG-2 0.49 | nd
Chart Title
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10.1 € Intensity
10 Linear (Intensity)
99 - y=0.1962x - 1.3882
2 -_—
9.8 - R=1
9.7
56 57 58 59 60 61

Sample Conc.(ppm) Intensity
DNGO02 81.26503568 | 14.556
DNGO03 83.79816514 | 15.053
DNGO05
DNGO6
DNGO08
DNG10
DNG12
DNG13 72.16207951 12.77
DNG14
DNG16
DNG17 76.90214067 13.7
DNG18 72.31498471 12.8
DNG19 68.29867482 12.012




Standard Conc.(ppm) | Intensity

GSP-2 240 | 77.359

JB-1b 467 | 96.563

JG-2 17.9 41.85

SDO-1 75.1 41.869

Chart Title

120
100
80 * /

@ Intensity

60 —
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Linear (Intensity)

y=0.1317x + 38.062
R?=0.9517

100 200 300 400 500

Sample Conc.(ppm) | Intensity
DNGO02 1441837509 | 57.051
DNGO3 80.59984814 | 48.677
DNGO05 65.67198178 | 46.711
DNGO06 260.1366743 | 72.322
DNGO08 101.2148823 | 51.392
DNG10 19.29384966 | 40.603
DNG12 207.881549 65.44
DNG13 96.11237661 50.72
DNG14 129.8101746 | 55.158
DNG16 156.7957479 | 58.712
DNG17 112.7638573 | 52.913
DNG18 173.0827639 | 60.857
DNG19 164.0774487 | 59.671




Standard Conc.(ppm) Intensity
GSP-2 550 | 172.304
JB-1b 124 | 68.531
JG-2 97.6 75.409
SDO-1 165 72.638

Chart Title
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80 3 Linear (Intensity)
60
40 y=0.22332x +42.623
20 R®=0.9757

0
0 200 400 600

Sample Conc.(ppm) Intensity
DNGO02 27.09691252 | 48.942
DNGO3 50.31303602 | 54.356
DNGO05 44.68696398 | 53.044
DNGO6 137.8087479 74.76
DNGO08 173.8379074 | 83.162
DNG10 119.3610635 | 70.458
DNG12 36.51372213 | 51.138
DNG13 4219125214 | 52.462
DNG14 46.09777015 | 53.373
DNG16 70.7161235 | 59.114
DNG17 67.53430532 | 58.372
DNG18 50.53173242 | 54.407
DNG19 36.66380789 | 51.173
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