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Abstract

The Northeast Vietnam is offered critical clues on convergent margin tectonics of South China and Indochina blocks. In this area, mafic-ul-
tramafic rocks scattered along Cao Bang – Tien Yen fault zone. Here we present petrological, mineral composition data from the ultramafic 
rocks from the Cao Bang areas, Northeastern Vietnam. The data will contribute better understanding on petrogenesis, tectonic setting of the 
rocks in the near future further studies.

Introduction

In Vietnam, Permo-Triassic magmatic rocks appeared quite com-
monly from North Vietnam (north of Song Ma suture zone) to Tru-
ong Son range (south of the Song Ma suture). The Permo-Triassic 
granitoids that outcrop in the southern side of the Song Ma suture 
zone are interpreted to be products of southward subduction of the 
Paleo-Tethyan oceanic lithosphere beneath the Indochina terrane 
during the Permian to Triassic (e.g. Hutchison, 1989; Lan et al., 
2000; Hoang et al., 2004; Liu et al., 2012). Permo-Triassic mag-
matic rocks in the Northeast Vietnam consist of ultramafic, mafic, 
andesitic and acidic rocks. Previous studies of the mafic and andes-
itic rocks in the area have proposed that they are members of a 
ophiolitic complex located along the Babu-Phu Ngu suture zone 
which is extended from Vietnam to southern China; both arc/back-
arc (Thanh et al., 2014); and Emeishan plume (Thanh et al., 2004; 
Hoa et al., 2008, Polyakov et al., 2009) or passive margin rifting 
(Halpin et al., 2015). The ultramafic and acidic magmas in the area, 
however, have not yet been studied for their compositions as well 
as their tectonic nature. 

In this report, we present petrology and mineral compositions of 
the rock-forming in the ultramafic rocks from the Cao Bang areas, 
Northeast Vietnam (Fig. 1a) that can serve a potential petrology to 
partly contribute to understand the tectonic nature of the rocks. 

Geological background 

Igneous rocks in the Cao Bang area are ranged from basic to 
acidic in compositions, and are formed during Permian to Middle-

Triassic (Luong and Bao, 1981; Khuc, 1990, 2000; Hoa et al., 
2008a, Thanh et al., 2014). The mafic - ultramafic rocks are gener-
ally exposed in the northwest-southeast that associated with similar 
trending of Cao Bang – Tien Yen fault system (Fig. 1). The ultra-
mafic intrusions are of plagioclase bearing lherzolite and wehrlite 
scattered in the area, and commonly occurred in association with 
gabbro, diorite, basaltic andesite and andesite (Thanh et al., 2014). 
The relationship of the intrusive rocks with surrounding sedimenta-
ry rocks is unclear due to later faulting and displacement. Locally, 
the intrusion of the gabbroic and ultramafic rocks into the Carbon-
iferous and Permian limestone can be observed (Hoa et al., 2008; 
Hoang et al., 2009). These rocks have been previously proposed as 
Permian to Triassic ages based on their relation with sedimentary 
rocks (Luong and Bao, 1981; Khuc, 1990, 2000). Zircons from 
these mafic complexes have been dated to be 239–272 Ma by 
SRHIMP methods and they are consistent with the ages the associ-
ated granites (ca. 244-266 Ma) in the area by Ar-Ar methods (Hoa 
et al., 2008, Halpin et al., 2015). The similar ages are also reported 
by Thanh et al. (2014) using Rb-Sr dating for set of basalt and gab-
broic diabase from Cao Bang. 

Petrography

The ultramafic rocks consist mainly of olivine, clinopyroxene, 
mica, orthopyroxene opaque minerals and secondary amphibole, 
chlorite, serpentine. The ultramafic rocks present cumulate textures 
of the heteradcumulate type (Fig. 2a, b), which is characterized by 
the presence of orthocumulus olivine crystals (chadacrysts) either 
inside pyroxenes (oikocrysts) or in the matrix in adcumulus form. 
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The clinopyroxene contain numerous olivine inclusions (Fig. 2a), 
they are generally rimmed by high pleochroic brownish amphibole. 
Greenish to reddish-brown micas are commonly occurred in most 
of the rocks. Pyrites, pyrrhotites, chalcopyrites, pentlandite and 
rare chromian spinel are the main opaque minerals in the ultramafic 
rocks (Fig. 2c).

Mineral chemistry of the mafic-ultramafic rocks

Electron microprobe analyses of minerals were carried out at 

Okayama University of Science (Japan) using a JEOL JXA-8900R. 
The quantitative analyses on mineral chemistry were performed 
with 15 kV accelerating voltage, 12nA beam current and 3µm 
beam size. Natural and synthetic silicates and oxides were used for 
calibration. The ZAF method (oxide basis) was employed for ma-
trix corrections. Estimating Fe2+ and Fe3+ contents from total FeO 
is based on the charge balance using stoichiometric criteria (Droop, 
1987). The representative data are shown in Table 1, 2, 3, 4, 5, 6, 7, 
8, 9 and Fig. 3. 

Figure 1. Simplify geological map of the Cao Bang area showing the ultrmafic occurrences

Figure 2. Photomicrographs (a, b) and BSE image showing the mineral composition and texture of the ultramafic rocks. Oli: olivine; Cpx: 
clinopyroxene; Phl: phlogopite; Chl: chlorite; Pyr: pyrrhotites; Pr: pyrites; Cpr: chalcopyrites; Pld: pentlandite
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Orthopyroxene
Representative orthopyroxene compositions are given in Table 1, 
2. The orthopyroxene occurred mainly in the plagioclase bearing 
lherzolite have En0.74-0.83Wo0.01-0.04Fs0.14-0.25, Mg# (100*Mg/
(Mg+Fe2+) = 74.5–85.5) and Al2O3 (0.14–2.08 wt%), Cr2O3 (<0.56 
wt%), CaO (0.45–2.10 wt%) contents. All the orthopyroxene com-
positions fall within the Mg-rich augite field on the En-Wo-Fs dia-
gram (Fig. 3a). All the orthopyroxene compositions fall within the 
Mg-rich enstatite field on the En-Wo-Fs diagram (Fig. 3a). 

Clinopyroxene
Representative analyses of clinopyroxenes are given in Table 3, 4, 

and are shown in a ternary plot of En-Wo-Fs (Fig. 3a). Clinopyrox-
ene compositions are similar from both the lherzolites and wehrlite 
in composition with En0.47-0.55Wo0.34-0.4Fs0.07-0.13. They have CaO 
(16.80–21.05 wt%), MgO (16.28–20.10 wt%), TiO2 (<1.70 wt%), 
FeO (4.47–8.03 wt%), Cr2O3 (0.41–1.11 wt%), Na2O (0.159–1.74 
wt%), MnO (<0.25 wt%) contents. Their Mg# varies from 81.0 to 
87.6. All the orthopyroxene compositions fall within the Mg-rich 
augite field on the En-Wo-Fs diagram (Fig. 3a).

Olivine
Representative olivine compositions are given in Table 5, 6, 7. 

Olivine from the plagioclase bearing lherzolite has forsterite num-
bers [Fo=Mg/(Mg+Fe2+)] ranging from 0.82 to 0.84) (Table 5, 6), 
that is higher than those from wehrlite (0.79-0.80) (Table 7). All 

the analyzed olivines have very low TiO2 content.

Chromian spinel
Fine-grained chromian spinel is rarely occurred as accessory 

phases in cumulate lherzolites. The representative analyses are giv-
en in Table 8. They have compositional contents of Al2O3 (8.96–30.03 
wt%), Cr2O3 (30.33–39.98 wt%) and low MgO (5.12–13.18 wt%). 
Chromian spinel has large range in TiO2 contents (0.22–9.8 wt%) 
with Cr# [Cr/(Cr + Al)] of 0.40–0.78 and Mg# [Mg/ (Fe2+ + Mg)] 
of 0.17–0.60, and moderate Fe3+# [Fe3+/(Fe3+ + Cr + Al)] of 0.1–0.23 
(Fig. 3c).

Mica
Micas occur as an accessory phase in the ultramafic rocks, mak-

ing up one of the post-cumulus phases in the wehrlite and lherzo-
lites. Their representative compositions are presented in Table 9. 
The mica compositions are similar from the both rock types, hav-
ing high MgO (15.59–22.68 wt%), Al2O3 (10.98–13.83 wt%) and 
K2O (7.11–9.35 wt%) contents, and low FeOT (6.57–9.34 wt%), 
CaO (< 0.26 wt%) and Na2O (0.84–1.19 wt%) contents. SiO2 con-
tent varies from 37.29 to 39.71 wt%, and Mg# is between 0.77 and 
0.84. They fall in the phlogopite compositional field on the AlIV 
versus Fe# [Fe2+/(Fe2+ + Mg)] diagram of Deer et al. (1966) (Fig. 
3c).

Figure 3. Diagrams of En-Wo-Fs of pyroxenes (a) (Morimoto, 1988), Mg# vs. T2O of olivine (b), Mg# vs. Fe3+# and TiO2 vs. Cr# of chromi-
an-spinel (c) and Al vs. Mg# of mica (d) (Deer et al., 1966) from the ultramafic rocks in Cao Bang area, NE Vietnam.
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