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Abstract - The presence of lamprophyric lavas of Late Cenozoic in Talaya Volcanic Formation at the boundary be-
tween the subregencies of Mamuju and Tabulahan (Western Sulawesi) associated with the mantle enrichment rocks of
the Adang Volcanics is the subject of this study. Petrologically, lamprophyre is composed of orthopyroxene (enstatite),
clinopyroxene (augite), biotite, leucite, amphibole, magnetite, and autometasomatism of chlorite in grain minerals and
groundmass. The lamprophyre is classified into monchiquite shoshonitic lamprophyre, and it has a komatiitic composi-
tion with the ratio of MgO/AL O, > 0.7906 (in wt %). The komatiitic monchiquite lamprophyre is characterized by high
MgO (10.02 - 12.67 %), relatively low alumina (ALO,= 10.98 - 11.70 %), SiO,= 46.43 - 47.8 %, TiO, (0.84 - 1.00 %),
FeOt (7.75 - 7.88 %), and relatively high content of alkaline (Na,O: 2.20 - 2.59 %; K,O: 1.58 - 2.45 %; Total alkali:
4.00 - 4.89 %, and CaO (9.29 - 10.71 %). The geochemical trace element plots using various diagrams suggests the
geotectonic setting of the lamprophyric rock was formed in suprasubduction alkaline continental-arc, and the proposed
source of magmatism comes from the suprasubduction activities from the east. The protolith of magma was originated
from partial melting of depleted MORB mantle (DMM), composed of pyroxene-peridotite (garnet-lherzolite). The par-
tial melting conditions are suggested to occur at high pressure (3.5 - 3.8 GPa) and the depth of ~120 km with melting
temperature of >1350°C, and the magma is dominantly controlled by olivine fractional crystallization.
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INTRODUCTION spinifex texture or a variety of needle-like texture

(Arndt and Nisbet, 1982; Dostal, 2008); whereas

Komatiite is a type of ultramafic mantle-  the komatiitic is representative of high-Mg with
derived volcanic rock with high magnesium,  the ratio of MgO/Al,O, above 0.7906 (in wt. %)
which contains more than 18 % MgO, and the  (Jensen, 1976). The komatiitic magma is probably

Indexed by: SCOPUS (Q3)
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produced in very hot mantle upwellings or plumes
(Schmeling and Arndt, 2017).

Lamprophyres are mesocratic to melanocratic
igneous rocks, usually hypabyssal, with a panidio-
morphic texture and abundant mafic phenocrysts
of dark mica (biotite or Fe-phlogopite) and/or
amphibole, with or without pyroxene, with or
without olivine, and sometimes melilite and/or
feldspathoid, set in a groundmass of the same
minerals. Any feldspar, usually alkali feldspar,
is restricted to the groundmass (Gillespie and
Styles, 1999). The lamprophyres are known as
exotic rocks, because they are difficult to classify
unambiguously using the existing criteria. They
are not amenable to classification according to
modal proportions, such as the QAPF system,
nor compositional discrimination diagrams,
such as TAS (Le Maitre ef al., 1989). It seems
unlikely that a simple taxonomic system will be
found unless the appropriate genetic criteria are
applied, that is, unless the classification takes into
account the genesis of the rocks (Woolley et al.,
1996). Furthermore, lamprophyres are a complex
group of rocks that have mineralogical similari-
ties to some kimberlites and lamproites which are
grouped into lamprophyric rocks (Rock, 1991).
The classification of lamprophyric rocks is figured
in the hierarchical chart below (Figure 1). The
discrimination for lamprophyres, lamproites, and

kimberlites is usually released by using the geo-
chemical plotting on ternary diagram as proposed
by Bergman, 1987.

The lamprophyric rocks primarily occur as
dikes, lopoliths, laccoliths, stocks, and small in-
trusions. On a purely chemical basis, an extrusive
lamprophyre (e.g. minette or monchiquite) might
be classified as potassic trachybasalt, shoshonite,
or latite using the total alkali-silica diagram (see
TAS classification), or as absarokite, shoshonite,
or banakite using a classification sometimes
applied to potassium-rich lavas. Such chemical
classifications ignore the distinctive textures and
mineralogies of lamprophyres.

Potassium-rich rocks have intensively been
studied for the purpose of understanding not
only the differences between ultrapotassic
magmas (K,0/Na,0>2.0), potassic (1.52<K,0/
Na 0<2.0), transition alkaline from shoshonitic
to potassic (1.24<K,0/Na,0<1.52), shoshonitic
(0.5<K,0/Na,0<1.24), and sodic magmas (K,0/
Na,0<0.5)(Turner et al., 1996; Godang et al.,
2016), but also those between various types of
K-rich lavas from different tectonic settings (e.g.
Bergman, 1987; Foley et al., 1987; Muller et
al., 1992). Therefore, the petrogenesis either of
orogenic or anorogenic potassic lavas has been
a subject of high interest, because they are com-
monly emplaced in an environment with complex
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Figure 1. Hierarchical classification of lamprophyric rocks (adopted from Rock, 1991).
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tectonic histories, which would facilitate better
understanding and evaluating the role of vari-
ous geological processes considered responsible
for the origin of enrichment in potassium (and
other highly incompatible elements) of K-rich
magmas. These processes include the differ-
entiation of primitive magma, fractionation of
Mg to Fe in olivine and pyroxene, fractionation
of crystalline minerals (such as fractionation
of K-feldspar mineral from plagioclase), sedi-
ment subduction, crustal contamination, melt/
fluid-related metasomatism, involvement of
continental lithospheric mantle or asthenospheric
mantle (e.g. Jensen, 1976; Schilling et al., 1983;

Varne, 1985; Rogers et al., 1987; Foley, 1992a,b;
Edwards et al., 1994; Luhr, 1997; La Fleche et
al., 1998; Peccerillo, 1999; Carlson and Nowell,
2001; Abdel-rahman, 2002).

Large parts of the West Sulawesi Province
are covered by thick (up to 5,000 m) piles of
Upper Cenozoic shoshonitic to ultrapotassic
and subordinate sodic volcanic rocks together
with associated intrusive and volcaniclastics.
The volcanic rocks occurring in the central part
of the province have been subdivided into four
units: Sekala Formation, and Sesean, Adang,
and Talaya Volcanics (Ratman and Atmawinata,
1993) (Figure 2). The tectonic setting of Adang
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Figure 2. (a). Geological map of central Western Sulawesi (Ratman and Atmawinata, 1993) showing the location of study
area. The coordinates of geological map use UTM zone 50S. The white circles are high-Mg lamprophyre sampling point, the
blue circle is the other Adang Volcanic peralkaline dyke which exposed in the Talaya Volcanics. (b). Simplified geological

map of Sulawesi {modified after Sukamto, 1975b; Hamilton

, 1979; Silver et al., 1983; Parkinson, 1991, (in Van Leeuwen

and Pieters, 2011)}. Western Sulawesi (dashed line) subdivided into NW (Northwest; northern part of Western Sulawesi),
CW (central-west) and SW (southwest) Sulawesi. (c). Correlation unit of Talaya Volcanics and Adang Volcanics. Talaya
Volcanic rocks (Tmtv) were formed in Late Miocene to Pliocene, and Adang Volcanic rocks (Tma) formed in Mid to Late
Miocene. In the researched zone, wherein of Talaya Volcanics oppresses the Adang Volcanics.
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Volcanics were formed in a postsubduction,
within-plate continental extension/initial rift
tectonic setting, which consist of (ultra-) potas-
sic to sodic series and were generated by minor
(< 0.1 %) partial melting of depleted MORB
mantle (DMM) material (garnet-lherzolite) with
the silicate melt having undergone strong meta-
somatism (Godang et al., 2016). The magmatic
process is also influenced by the continental
crust component (Sukadana et al., 2015), where-
as the tectonic of Talaya Volcanics has yet to be
studied in detail. In general, the Talaya Volcanics
is composed of andesitic-basaltic volcanic brec-
cia, tuff and lava, with intercalation of sandstone
and marl, local coal (Ratman and Atmawinata,
1993); whereas the Adang Volcanics is pre-
dominantly composed of leucite/pseudoleucite-
bearing trachytic tuff, lapilli-tuff, agglomerate,
volcanic breccia, volcanic-sedimentary products
(volcaniclastics consisting of trachytic weather-
ing residue, trachytic fragments), volcaniclastics
and lava intercalations of basalt/basaltic to in-
termediate composition (consisting of leucite/
pseudoleucite, diopside/aegirine and high tem-
perature phlogopite) (Godang et al., 2016). In
the research zone, Talaya Volcanics oppresses
the Adang Volcanics, wherein the peralkaline
dyke of Adang Volcanics and high-Mg lam-
prophyre lava were found in Talaya Volcanics.
The presence of high-Mg lamprophyric lava in
Talaya Unit which associated with the mantle
enrichment rocks of the Adang Volcanics is a
subject to be studied.

The aim of this study is to understand the
genesis, geotectonic, and the melting conditions
of high-Mg lamprophyre. The studied area is
located at the boundary between Subregencies
of Mamuju (Mamuju Regency) and Tabulahan
(Mamasa Regency), West Sulawesi.

MATERIALS AND METHODS

Geochemical analyses of major oxides, trace
elements, and fifteen REE elements were carried
out at Intertek Laboratories in Jakarta on July
2012 and August 2016, by using XRF (X-ray
fluorescence), and ICP-MS (Inductively Coupled
Plasma Emission Mass Spectrometry) with four
acid digestions. Petrographic analysis was con-
ducted at Mineral Resources Laboratory (Gadjah
Mada University) on August 2016.

RESULTS OF ANALYSES

Field Observation and Petrography of Lam-
prophyre Rock

The field observations of lamprophyric lava
show needle-like texture with pyroxene pheno-
cryst and homogeneous chemical compositions
(Figures 3). Petrologically, lamprophyre consists
of 45 % of grain minerals with crystal (0.5 - 2.1
mm) such as orthopyroxene (enstatite, 2 %),
clinopyroxene (augite, 25 %), biotite (8 %),
leucite (10%), and amphibole (5 %) (Table 1);

o980/

Figure 3. Field observation photos of komatiitic lamprophyre in Talaya Volcanics. (a) The outcrop of lamprophyre at the
streamlet, (b) The rock sample shows needle-like texture, the measurement of pyroxene phenocryst by ruler scale (~ 9mm),
(c) Other Adang Volcanic peralkaline dyke in Talaya Volcanics.
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Table 1. Results of Petrological Analysis of Komatiitic
Lamprophyric Samples (vol.%)

Code# #1
Location

Rock names

Sample_code #A01_2012
Orthopyroxene

(Enstalﬁe) 2.00
Clinopyroxene

( Augf?e) 25.00
Biotite 8.00
Leucite 10.00
Magnetite 2.00
Chlorite 10.00

whereas groundmass (40 %) with crystal size <
0.1 mm is composed of magnetite (2 %), auto-
metasomatism of chlorite (10 % ), lithic (xenolith;
5 %) of phonolitic leucitites with the dominant
composition of leucite-clinopyroxene (Figure 4).
According to Rock (1991), the lamprophyre con-
taining 10% of chlorite was due to autometasoma-
tism process. Mineralogically, the lamprophyre is
classified into monchiquite alkaline lamprophyre
(see also in Figure 1).

Geochemical Features

The results of major and trace element analy-
ses of five komatiitic lamprophyric samples are
shown in Table 2. The lamprophyric rocks have

relatively high LOI values (~4.55 wt %) which
indicate the presence of higher primary volatiles
(e.g. CO,, Cl1, F, etc.), but plot on ternary MIA(o0)
diagram (Figure 5) displaying s unweathered
rock. The lamprophyric rock have charac-
teristics of low SiO, contents 46.43 - 47.80
%), high in MgO (10.02 - 12.67 %), relatively
high in alkaline (Na,O: 2.20 - 2.59 %, K,O:
1.58 - 2.45 %; Total alkali: 4.00 - 4.89 %), CaO
(9.29 - 10.71 %), and relatively low of alumina
(ALO, :10.98 - 11.70 %), TiO, (0.84 - 1.00 %),
FeOt (7.75 - 7.88 %). By plotting the values of
MgO, K,O, and Al,O, on the Bergman (1987)
triangular diagram (Figure 6), the rocks studied
fall on lamprophyres. The ratio of MgO/ALO,:
0.86 - 1.00 (“> 0.7906”) ensures the geochemi-
cal affinities with typical komatiitic composition
indicating the unfractionation magma (Jensen,
1976; Figure 7). The komatiitic lamprophyre
has a high Mg#= 69 - 74 which proves that the
protolith was originated from mantle melt (after
Schilling et al., 1983; Figure 8). The relatively
low content of TiO, <(-1.1610+0.1935x AL,O,;
in wt. %) indicates the typical of geotectonic is
more towards Arc-related (Muller and Groves,
1993 and 2000; Figure 9).

Interpretation of Results

The analytical results of various diagrams
have been plotted on a diagram to classify high-
Mg komatiitic lamprophyric rock and to explain

=< Chl

<sec,min

250 pm < ¢t
I

Figure 4. Photomicrographs of representative sample which interpreted as alkaline monchiquite lamprophyre. PPL: plane
polarized; XPL: x-polarized; Chl: chlorite; Bt: biotite; Lct: leucite; Cpx: clinopyroxene; mag: magnetite; opx: orthopyroxene;

sec.min: secondary minerals.
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Codett #1 #2 #3 #8 #9 #15 #16 #17 #18
Location ‘Western Sulawesi Yunnan, China Rock, 1991 “"]e:vt:: n
Rock names Komatiitic  Komatiitic = Komatiitic = Komatiitic =~ Komatiitic = Donggualin Alkaline Galunggung Galunggung
lamprophyre lamprophyre lamprophyre lamprophyre lamprophyre lamprophyre lamprophyres Basalt Basalt
Sample_code #A01_2012 #A02_2012 #A03_2012 #B01_2016 #B02_2016 ns n854 Gall32a Gall32b

SiO, (%) 47.23 47.70 46.43 47.40 47.80 46.67 42.50 49.14 49.06

TiO, 1.00 0.94 0.84 0.97 0.92 0.54 2.90 0.83 0.84

ALO, 11.70 11.07 11.66 11.64 10.98 12.84 13.70 15.93 15.93

Fe,0,(t) 8.61 8.70 8.61 8.75 8.76 6.42 12.00 10.32 10.18

MnO 0.14 0.15 0.15 0.14 0.15 0.13 0.20 0.17 0.17

MgO 10.02 10.84 12.67 10.09 10.93 8.22 7.10 10.33 10.14

CaO 10.11 10.71 9.29 10.18 10.78 7.75 10.30 11.19 11.15

Na,0 2.59 222 2.42 2.55 2.20 1.48 3.00 2.23 2.19

K,0 2.30 245 1.58 2.30 242 4.83 2.00 0.36 0.36

H,0+ 2.24 3.10

H,0- 0.19

Co, 8.23

LOI

P,0, 0.83 0.82 0.81 0.82 0.81 0.56 0.74 0.10 0.10

Total 94.53 95.60 94.45 99.84 99.84 100.09 99.54 100.09 99.63

TA=Na,0+K,0 4.89 4.67 4.00 4.85 4.62 6.31 5.00 2.59 2.55

K,0/Na,0 0.89 1.10 0.65 0.90 1.10 3.27 0.67 0.16 0.16

S (%) 0.19 0.17 0.20

Mgt 69.74 71.16 74.45 69.55 71.19 71.70 53.96 66.47 66.36

MgO/ALO, 0.86 0.98 1.09 0.87 1.00 0.64 0.52 0.65 0.64

F 1,800.00

Cr 279.00 326.00 411.00 284.00 268.00 431.75 97.00 541.00 521.50

Cu e T ) 75.00 29.88 50.00

Ni 102.00 121.00 256.00 105.00 119.00 195.33 65.00 163.10 157.80

Sc 41.00 43.00 24.00 21.00 39.70 39.00

Ti 5,800.00 5,390.00

A\ 212.00 211.00 121.75 285.00 269.30 265.60

Zn 60.00 55.00 56.73 98.00

Ag 0.20 0.20

As 5.00 5.00 2.00

Ba 2,270.00 1,680.00 1,916.00 930.00

Be 3.60 3.90 1.00

Bi 0.46 0.30

Cd 0.28 0.37

Co 37.00 37.00 42.00 37.00 37.00

Cs 10.20 8.20

Ga 14.80 14.80

Ge 1.60 1.50

Hf 5.20 5.60

In 0.06 0.05

Li 6.20 8.00

Mo 1.20 0.60

Nb 12.40 11.90 8.09 101.00 1.80 2.20

Pb 43.00 50.00 7.00 3.80 3.90

Rb 137.00 114.00 199.50 50.00 7.50 7.50

Re <0.05 <0.05

Sb 0.40 0.50

Se <1 <1

Sn 3.70 3.60
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Table 2. Continued....

Code# #1 #2 #3 #8 #9 #15 #16 #17 #18

Location Western Sulawesi Yunnan, China Rock, 1991 “.’]e;s‘t;;n

Rock names Komatiitic = Komatiitic = Komatiitic = Komatiitic = Komatiitic = Donggualin Alkaline Galunggung Galunggung

lamprophyre lamprophyre lamprophyre lamprophyre lamprophyre lamprophyre lamprophyres Basalt Basalt

Sample_code #A01_2012 #A02_2012 #A03_2012 #B01_2016 #B02_2016 ns n854 Gall32a Gall32b
Sr 499.00 552.00 844.00 990.00 208.20 207.40
Ta 0.77 0.84 0.59 5.00 0.13 0.13
Te <0.1 <0.1
Th 25.60 26.50 11.59 9.00 0.82 0.82
Tl 1.57 1.45
U 5.49 5.04 421 2.20 0.19 0.20
w 2.50 2.60 2.50
Zr 162.00 175.00 121.10 313.00 46.00 46.50
La 38.50 42.90 33.73 66.00 4.03 4.12
Ce 84.80 92.90 68.59 125.00 9.60 9.65
Pr 10.20 10.90 8.76 14.00 1.49 1.49
Nd 40.40 42.80 34.07 54.00 7.15 7.16
Sm 7.50 8.00 6.64 10.80 2.05 2.05
Eu 1.70 1.70 1.71 3.10 0.78 0.80
Gd 6.80 7.30 5.41 8.20 2.71 2.75
Tb 0.71 0.80 0.74 1.20 0.45 0.45
Dy 3.90 4.00 4.04 5.40 2.69 2.72
Ho 0.70 0.70 0.71 0.90 0.55 0.54
Er 1.80 1.90 1.86 2.70 1.61 1.62
Tm 0.20 0.20 0.27 0.38 0.25 0.25
Yb 1.70 1.70 1.63 1.80 1.58 1.57
Lu 0.28 0.28 0.24 0.29 0.26 0.26
Y 19.10 20.20 18.91 31.00 16.90 16.90
TRE 218.29 236.28 187.30 324.77 52.10 52.33
TREO 244.05 264.15 209.54 363.34 58.95 59.21
TRExOy 262.18 283.82 224.93 390.32 62.99 63.26
TRE,O, 256.93 278.08 220.66 382.62 62.38 62.64
dEu 0.73 0.68 0.87 1.01 1.01 1.03
dCe 1.04 1.04 0.97 1.00 0.95 0.94

C (ARO3+Fe203() C (K20)

Altered (weathered)

o
.

(Ca0*+Na20+K20) Mgo

Figure 5. Ternary Mafic Index of Alteration diagram MIA(o);
after Nesbitt and Wilson, 1992; modified by Babechuk et
al.,2014. (CaO*+Na,0+K,0), MgO and (ALO,+Fe,O,(t)),
(in molar).

A 0
(ARo3) © 0 0 0 “ 50 @ K = 0

"B
0 (VMgo)

Figure 6. Ternary discrimination for Lamprophyres—Lam-
proites—Kimberlites (Al,0,-MgO-K O, in wt%; after
Bergman, 1987). The field of the discrimination of koma-
tiitic and non-komatiites (MgO/Al O, = 0.7906, in wt%) is
mathematically converted from Jensen (1976).
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C (Fe(t)+Ti), (cation %)

Figure 7. Ternary cation plot for classifying Komatiitic [Prim-
itive Mantle (PM) and Primitive Magma], Primary Magma,
and Differentiated Magma (DM) (after Jensen, 1976).

their tectonic setting and protoliths that lead to
their formation.

The plot of K,O/Na,O ratio with values of
0.65 to 1.10 in Trapezoid Magmatic Alkalinity
diagram falls within shoshonitic series field (Go-
dang et al., 2016; Figure 10). The interpretation is
similar to the plot result in diagram of Peccerillo

and Taylor (1976) Figure 11). The approach with
multigeotectonic basalt diagrams developed from
Hollocher et al., 2012a (after Sun et al., 2006,
modified by Godang et al. (2016); Pearce, 2008)
(Figures 12 - 14) shows that the whole diagram
presents the tectonic setting of komatiitic sho-
shonitic lamprophyre is in the form of ‘alkaline
continental-arc’ or ‘continental within-plate’.
The overlay between the diagram of Figure 9 and
Figures 12 - 14 could be proposed the geotectonic
was formed in ‘alkaline continental-arc’. As a
comparison, the geochemical data for shoshonitic
alkaline lamprophyre has been plotted from Lam-
prophyres textbook (Rock, 1991) into the same
Figures 12 - 14 and Figure 9, which shows the
rock fall within a mantle plume field and within-
plate. These reveal the alkaline lamprophyres
could be generated from different tectonic setting.

Melting Conditions and the Interpretation of
the Protoliths

Geochemical compositions of parental mag-
mas have widely been used for estimating mantle
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melt conditions. To minimize the chemical effects
of crustal contamination, the calculation was
started with the least-evolved of sample#3 which
has the highest MgO (12.67 %), Ni (256 ppm), Cr
(411 ppm), and the lowest Si02 (46.43 %). MgO
concentration on primary basaltic melts is directly
related to melt temperatures (e.g. Albaréde, 1992;
Herzberg et al., 2007). The melt temperature of
the West Sulawesi komatiitic lamprophyres was
calculated at 1,397°C using the equation proposed
by Albarede, 1992 {T(°C)=2000 x MgO/(MgO +
Si0,)(wt %) + 969}, consistent with the estima-
tion 1,393°C by using the equation {T(°C)= 1463
+12.74 x MgO — 2924 /MgO (wt%)}(Herzberg
et al., 2007; Figure 15). The plot on diagram by
using correlation between T(°C) and MgO (wt
%) shows the MELTS temperature was 1,362°C
(Asimow et al., 2001; Figure 15). The lampro-
phyric samples have a relatively low concentra-
tion of AL O, (10.98 - 11.70 wt %), and have the

ratio of CaO/Al O, around 0.80 - 0.98 which is
consistent with the segregation of primary mag-
mas at 3.5 - 3.8 GPa, and it is estimated to occur
at a depth about 120 km (Figure 16; Herzberg,
1995 and Ghiorso and Sack, 1995).

The correlation between Ni and MgO con-
centrations is displayed in Figure 17 (after
Wang et al., 2007). The diagram shows that the
komatiitic lamprophyric magma is dominantly
controlled by olivine fractional crystallization.
The plot in Figure 18 (diagram after Aldanmaz
et al., 2000 and 2006) suggests the komati-
itic lamprophyre is derived from the enriched
mantle source (Nb/Zr>0.0627), and the magma
was generated from partial melting of DMM
(depleted MORB mantle) which composed of
pyroxene-peridotite (garnet-lherzolite). This
finding is consistent with the previous paper
from Godang et al., 2016. As a comparison, the
plot data for primary magma of Galunggung

1,700

1,650 |—

Hawaiian
1,600 —

N McKenzie an

I

I

l

I

I

I

I

|

|

|

|

4 Bickle, 1984

T |

1,550 |— }
|
|
|
|
I

1,500 |—

T (oC)

1,450 |—

1,400

sample #3

Kinzler, 1997

1350 |— sample #3

1,300

1,250

Basalt

Pyroxenite Peridotite

|
|
|
|
|
|
|
|
|
|
|
|
|
|
1
|
|
|
|
|
T
|
|
|

1,200

| | |

0 5 10 15

20 25 30 35
MgO (Wt%)

Figure 15. Mantle potential temperatures (Tp, °C) as a function of the MgO concentrations of primary magmas (after Herzberg
et al., 2007). MELTS blue solid line (Asimow et al., 2001). Plots show the melting temperature of komatiitic lamprohyre

(sample #3, MgO = 12.67%) occurs at >1350°C.

50



Komatiitic Lamprophyre in West Sulawesi: First Evidence for >1350°C and 3.5 - 3.8 GPa Mantle Melts (S. Godang et al.)

20 T T T T T T T T T T
v | 1GPa y ]
33Km — 1.0 GPa
18 -
7 50Km — 1.5 GPa E
16 o & —
66 Km — 2.0 GPa 2
15 5 —
s
J— “
w 82 km 25 GPa g ]
§
13 o 99 Km — 3.0 GPa z -
[o] =
S
2= 03% 5 115 Km — 3.5 Gpa 1
P T 4%y ]
9 132Km — 4.0 GPa
E 10 =
pes Depth (Km) = (99/3) x (Pressure, GPa)
z Lk 5 ]
s |- % 1 GPa =10 KBar. —
6 1 1 GPa =9,869.23 atm.
. L s 1 KBar =986.92 atm. | _]
1 atm = 1.01325 Bar.
6 | ]
s L a
Symbols
. B Komatiitic lamprophyre (data_2012: this study) a
@ Komatiitic lamprophyre (data_2016: this study)
s | @ Donggualin lamprophyre (Yunnan, China)
C Alkaline lamprophyre (Rock, 1991)
, L ©  Galunggung basalts (Western Java) |
O Tsaolingshan high-Mg potassic rocks (Taiwan)
1 CaO/A1203 (Wt%)
o AN T N R Y NN N (N SN (N N NN Y [N [N (N S AN A N N (Y N TN SO N AN N
0 0.1 02 03 04 05 06 07 08 09 1 1.1 12 13 1.4 1.5 1.6 1.7 1.8 1.9 2 2.1 22 23 24 25 26 27 28 29 3

Figure 16. Pressure of Magmatic Segregation Diagram (Herzberg, 1995). AL, O, vs. CaO/AlLO, in wt%. Plots show the
melting pressure of Western Sulawesi komatiitic lamprophyre at 3.5-3.8 GPa with an estimated of depth = (3.5+3.8)/2 x
(99/3) = 120.45 Km (~120 Km).

3,000

2,000 [—

-

1,000

500

TTTTT]
L

1

100

50

Ni (ppm)

[ ]

Pyroxenite

MgO (Wt%)

Figure 17. Plots of Ni vs. MgO (after Wang et al., 2007) show Western Sulawesi komatiitic lamprohyre and Galunggung
basalts form a tight linear trend dominantly controlled by olivine fractional crystallization. Symbols in Figure 7.

51



Indonesian Journal on Geoscience, Vol. 8 No. 1 April 2021: 39-58

Tholeiitic

Transitional

Calc-alkaline to alkaline (peralkaline)

La/Yb <3

Remarks :

* DMM = Depleted MORB Mantle.

* PM = Primitive Mantle.

* WAM = Western Anatolian Mantle,
05— defined in Aldanmaz et al., 2000.

Symbols

@ Komatiitic lamprophyre (data_2016: this study)

L 4 Donggualin lamprophyre (Yunnan, China)

o mprophyre (Rock, 1991)
O Galunggung basalts (Western Java)

O Tsaol igh-Mg potassic rocks (Taiwan)

Nb/Zr (in ppm)
°
|

v La/Yb=3-6 |
T

La/Yb>6
T

0.1%

enriched mantle source

Nb/Zr=0.0627 (PN

0.05 —

slightly

Nb/Zr=0.44

depleted mantle source

La/Yb (in ppm)

10 50 100 150
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from Le Roex et al. (1983) and Sun et al. 2006.

basalts, West Java (Si0,: 49.06 - 49.14 %; high
MgO: 10.14 - 10.33 %) show the magma was
generated from the same of DMM, but it has a
slightly enriched mantle source (0.0627 > Nb/Zr
> (0.04), and composed of the mixing between
spinel and garnet-lherzolite.

DISCUSSION

The results show the West Sulawesi mon-
chiquite lamprophyre is represented by shosho-
nitic magma series with komatiitic composition,
which generated from the lithospheric mantle
melts formed in a suprasubduction alkaline
continental-arc tectonic setting (see also in Table
3). The source of magmatism proposed comes
from the suprasubduction activities from the east.
Furthermore, the partial melting of monchiquite
lamprophyre estimating was formed in high pres-
sure of 3.5 - 3.8 GPa with melting temperature
of >1350°C.
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Referring to the spidergram pattern in Figure
19, West Sulawesi komatiitic lamprophyre has
a similar trend with China Yunnan Donggualin
lamprophyre (Huang et al., 2002), but has a little
bit higher of Th content, and the difference in
the ratio of MgO/Al,O,. The komatiitic lampro-
phyre (this study) has a ratio of MgO/ALO, >
0.7901, whereas the China Yunnan Donggualin
lamprophyre has a ratio of MgO/Al,0,= 0.64
which indicates nonkomatiitic lamprophyre
(Figure 7). The komatiitic lamprophyre has also
a different pattern with the textbook of alkaline
lamprophyre (Rock, 1991). Furthermore, the
alkaline lamprophyre (Rock, 1991) has a similar
trend with Hawaiite mantle plume (sodic series;
Chakraborty, 2007). The similarities or inequality
patterns of lamprophyres may be due to the differ-
ences in genesis and/or protoliths. West Sulawesi
komatiitic lamprophyre in spidergram pattern
(Figure 20) shows the negative Eu anomaly (dEu
=0.68 - 0.73), and it is characterized by distinctly
negative spikes in Nb-Ta, Ti, and has enriched
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Table 3. Various Geotectonic Settings from Primary and Differentiated Magma Sources

Primary magma/

Magmatic

Rock sources koma titic Mantle melts alkalinity Geotectonic setting Protoliths
. . Figures Figures Figures .
Figures Figure 7 7,8, 12 10- 11 9,12-14 Figure 18

A Galunggung basalts, Primary magma Lithospheric Tholeiitic ACM, magma DMM (mix
Western Java (Non-komatiitic) mantle melts comes from the spinel and
(Dempsey, 2013) subcontinental lithospheric garnet-

mantle melts (mantle wedge  lherzolite)
melts)

B Donggualin Primary magma Lithospheric Ultra- Supra-subduction alkaline DMM
lamprophyre, (Non-komatiitic) mantle melts potassic continental-arc (garnet-
Yunnan-China lherzolite)
(Huang et al., 2002

C  Alkaline Differentiated Fractionated Shoshonitic ~ Mantle plume (within-plate) ~ WAM (mix
lamprophyre (Rock, magma magma from spinel and
1991) asthenospheric garnet-

mantle sources lherzolite)

D  Western Sulawesi Komatiitic (MgO/  Lithospheric Shoshonitic ~ Supra-subduction alkaline DMM
monchiquite Al O, >0.7906) mantle melts continental-arc (garnet-
lamprophyre (this lherzolite)
study)

E  Tsaolingshan high- Komatiitic MgO/  Mix Potassic/ Supra-subduction alkaline PM
Mg potassic rock, AlO,>0.7906) lithospheric and ~ Ultra- continental-arc (garnet-
Taiwan (Chung et asthenospheric potassic lherzolite)
al.,2001) mantle melts
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Figure 19. Incompatible to compatible multi-trace elements diagram Normalized to Primitive Mantle (the incompatibility
sequence is referred from Zhang, 2014). The description of weakly-moderately-strongly mantle metasomatism is only used
for the determination of metasomatism level of mafic rocks (modified from Godang et al., 2016). Primitive Mantle (PM)
values are taken from McDonough and Sun (1995) and Depleted Mantle (DM) from Salters and Stracke (2004), showing
plots of Western Sulawesi komatiitic lamprophyre have a similar pattern with China Yunnan Donggualin lamprophyre. The
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Figure 20. The overlay of Normalized to Primitive Mantle diagram between Rare Earth Elements (REEs) and trace elements.
The grey solid line is copied from Figure 19, orange solid line is REEs. The chondrite values are taken from McDonough and
Sun (1995) and Depleted Mantle (DM) from Salters and Stracke (2004). The diagram shows Western Sulawesi komatiitic
lamprophyre has a negative Eu anomaly (dEu = 0.68 - 0.73) followed by the enrichment of light-REE (La, Ce, Pr, Nd, Sm)
and TREY. Furthermore, it is characterized by distinctly negative spikes in Nb-Ta, Ti, and has enriched in other High Field

Strength Elements (HFSE), i.e. Th-U, Zr-Hf.

in Th-U, Zr-Hf, light-REE (La, Ce, Pr, Nd, Sm),
and TREY.

CONCLUSION

The integrated petrographic, mineralogical,
and geochemical studies of komatiitic shosho-
nitic lamprophyre have obtained the following
conclusions:

*  West Sulawesi lamprophyre is classified into
monchiquite lamprophyre with needle-like
texture, indicating the unfractionated kom-
atiitic primitive magma with shoshonitic
alkalinity magma series.

* Geotectonic setting of the lamprophyric
rock was formed in suprasubduction alkaline
continental-arc, which the magmatism came
from the suprasubduction activities from the
east.
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* The protoliths of komatiitic lamprophyric
magma was generated from partial melting of
depleted MORB mantle (DMM), comprising
pyroxene-peridotite (garnet-lherzolite).

* The partial melting conditions are suggested
to occur at high pressure (3.5 - 3.8 GPa)
and depth of about 120 km with the melting
temperature of >1350°C, and the magma is
dominantly controlled by olivine fractional
crystallization.
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