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Abstract

The Mengyin komatiites are located at the base of the Taishan Complex (~2.7 Ga), in the western Shandong greenstone belt of the eastern
block of North China craton. The Mengyin komatiites have high-magnesian, low-titanium, and aluminum-undepleted chemical characteristics.
Although the ultramafic rocks underwent amphibolite to greenschist facies metamorphism, they preserve remnant igneous spinifex textures. Some
komatiite samples even preserve rare fresh olivine. According to the mass equilibrium between the olivine and melt, the potential eruption
temperature of the Mengyin komatiites at 1 atm is about 1270 °C which might indicate a plume tectonic setting. It is inferred that komatiites in
Mengyin, west Shandong may be part of a plume-related global magmatic event related to the break-up of a supercontinent that included the

eastern block of the North China craton.

© 2006 International Association for Gondwana Research. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Komatiites are high-temperature, ultramafic volcanic rocks
containing more than 18 wt.% MgO (Arndt and Nisbet, 1982).
Although the tectonic setting in which komatiites form is still
uncertain, most investigators agree that their high liquidus
temperatures require an anomalously hot mantle plume source
(Campbell et al., 1989; Xie and Kerrich, 1994; Herzberg, 1995;
Grove and Parman, 2004). As such, they provide important
constraints on the composition and thermal structure of the
Archean mantle (Sproule et al., 2002).

It has been debated whether or not there are komatiites in the
North China craton (NCC) for many years (Cheng and Shen,
1964; Cheng et al., 1982; Cheng and Xu, 1991). The first
komatiites in the eastern NCC were reported from the base of
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Yanlingguan Formation in 1982 (Cheng et al., 1982). However,
no spinifex texture was found in the field at that time, although
spinifex textures were later discovered at this location by the
Shandong Geological Bureau (Zhang et al., 1998). Previous
studies focused on textures, petrography and major element
geochemistry (Zhang et al., 1998; Yang, 2000; Zhang et al.,
2001). Recently, the trace element geochemistry of this area has
been discussed in detail (Polat et al., 2006). This paper presents
new geochemical data and petrological evidence about the
komatiites, focusing on mineral chemistry and their implica-
tions for plume tectonics.

2. Regional setting

Most tectonic models for the North China craton (NCC)
divide the craton into western and eastern blocks, separated by
the Central Orogenic belt (Trans-North China Orogen) (Fig. 1a).
However, there is still some debate about the time and direction
of the collision. There are mainly two views. Kusky and Li
(2003) suggest that the collision occurred about 2.5 Ga and the
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Fig. 1. Geological sketch of Mengyin komatiites in Shandong (after Cao, 1996) a—The location of working area in the NCC; b—Gray rectangle part in a, rectangle in

b refers to komatiite outcrop.

eastern block subducted below the Central Orogenic belt,
whereas Zhao et al. (2001, 2003, 2005) hold that the subduction
was in the opposite direction and the collision may not have
occurred until 1.8 Ga.

Our field area is located in the western Shandong greenstone
belt, eastern block of the NCC (Fig. 1b), which underwent
regional amphibolite to greenschist facies metamorphism and
deformation. The strongest and pervasive fabric is S;, which did
not affect the later (circa 2.5-2.4 Ga) granite, so it is suggested
that the deformation and synchronous metamorphism took
place before 2.5 Ga (Cao, 1996). Rocks of the greenstone belt
are well preserved in the Liuhang, Shancaoyu, and Yanlingguan
Formations (Fig. 1b). The rocks in Liuhang Formation include
meta-conglomerate and associated lithologies (Fig. 2a); The
Shancaoyu Formation is characterized by abundant feldspar and
clastic texture with common crossbedding and inclined bed-
ding. Basic to ultrabasic lavas including pillow lavas (Fig. 2b),
meta-basalts (now amphibolite) (Fig. 2c¢) and komatiites
(Fig. 2d) are exposed in the Yanlingguan Formation. The con-
tact between the three formations is conformable. The outcrop
of Mengyin komatiites lies at the base of the Yanlingguan
Formation, and is about 450 m long, 118 m wide, inclined to
southwest with foliation direction similar to that of the host
rocks (Zhang et al., 2001) (Fig. 3). In the upper and middle parts

of the section are serpentine komatiites, which can be divided
into spinifex, massive and cumulate textures in terms of the
characteristics in the field. Tremolite schist is light yellow and
green, mainly composed of tremolite, and is about 0.89 m thick.
Biotite—actinolite schist is about 1.3—1.9 m thick with two
layers, which is mainly composed of actinolite and biotite, with
accessory minerals including magnetite. There are magnetite
quartzites in the amphibolite bearing granulite. The amphibo-
lites with abundant plagioclase show relatively little deforma-
tion. The wall rock of the greenstone belts is granite.

No precise ages for the komatiites from the present area have
yet been determined, but the regional data (Jahn et al., 1988;
Cheng and Xu, 1991) show that Mengyin komatiites erupted in
Neoarchean (see also Polat et al., 2006).

3. Petrography and mineralogy

The samples were collected from the Mengyin area (area
marked within rectangle in Fig. 1b). The komatiites are heavily
altered, yellow on weathered surfaces but are gray on fresh
faces. However, typical spinifex texture is preserved in some
places. Most of the rocks are altered to chlorite—tremolite
serpentine schist, which exhibits crystalloblastic texture. Most
minerals are oriented in the same direction defining a strong



S. Cheng, T. Kusky / Gondwana Research 12 (2007) 77-83 79

Fig. 2. Field photos of the greenstone belts in Western Shandong a—meta-conglomerate; b—pillow lava; c—meta-basalt (amphibolite); d—komatiite.

foliation. The crystalloblasts include serpentine, olivine (30%),
chlorite, tremolite and actinolite. Magnetite is also abundant,
derived from the alteration of olivine to serpentine. Previous
studies reported that there is also primary pyroxene in the
Mengyin komatiites (Xu and Dong, 1992), but we did not
observe these in our samples. If there was pyroxene in the
original komatiites, it may have been replaced by secondary
hydrous minerals such as tremolite. In fact, in our study, the
only primary mineral preserved is olivine, which has undergone
significant recrystallization. However, fresh olivine was found
in the thin sections. The Fo content increases from the rim to the
core. Some olivines (now serpentine) are dendritic (Fig. 4a),
whereas other olivines occur as aggregates (Fig. 4b, ¢), and still

0

10 20m

others form long plates up to several centimeters in length.
(Fig. 4d). Others form small grains only several millimeters in
diameter. Generally olivine forms rounded grains in typical
cumulate dunites. Therefore we infer that the long platy olivines
might be related to rapid cooling and could be a remnant of
spinifex texture (Fig. 4d).

4. Analytical methods and results
Major elements and some trace elements (Cr, Ni and V) were
analysed by the X-ray fluorescence spectrometer (XRF-1500) at

the Geological and Geophysical Institute of the Chinese
Academy of Sciences in 2002. The rock powder (0.6 g) and
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Fig. 3. Cross section of the komatiites in Mengyin, Shandong (after Zhang et al., 1998).
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Fig. 4. Spinifex textures of Mengyin komatiites a—dendritic texture; b—c aggregates olivines; d—Plate spinifex texture.

Li,B405 (1.2 g) were mixed and then were melted at 1100° for
10 min. The precisions are listed in Table 1. To gain LOI, we
placed the rock powder (0.6 g) in a pot that was heated to 1000°
and continued heating at this temperature for an hour, then put
the sample in an airer, and cooled it to room temperature (about
25 min). We then weighed the samples including the pot, and
then heated the sample again to constant temperature.

Mineral compositions were conducted by EPMA (JXA-
8100) at the Key Laboratory of Orogenic Belts and Crustal
Evolution, Ministry of Education, China. The analyses were

performed under an accelerating voltage of 15 kV and a beam
current of 10 nA with a bind spot of 1 pm.

The komatiites have high-MgO (27.92-29.65 wt.%), Ni
(1422-1633 ppm) and Cr (2200-2600 ppm), with low-TiO,
(0.14-0.18 wt.%) as well as Al,03/Ti0,=25.50-30.00, which
is a little higher than that of chondrite (Al,03/TiO,=22).
According to the reclassification of high-Mg volcanic rocks by
Le Bas (2000), our samples belong to komatiites (SiO,<52%,
Na,O+K,0<2%, TiO,<1%, MgO>18%, Table 1). The Mg#
of the samples ranges from 0.83 to 0.85, and most are 0.84. The

Table 1

Representative bulk compositions of the komatiites from Mengyin, Shandong (wt%)

Sample K-15 K-20 K-21 K-24 K-26 K-28 K-31 K-35 K-18 K-25 Precision
SiO, 43.28 432 44.04 43.87 43.66 43.77 42.95 42.43 44.02 42.52 +0.20
TiO, 0.16 0.16 0.14 0.16 0.17 0.17 0.17 0.16 0.18 0.16 +0.01
Al,O4 4.70 5.00 4.42 4.56 443 4.38 5.15 4.61 4.82 3.82 +0.10
FeOt 9.78 9.29 9.97 9.57 9.63 9.52 9.47 9.64 9.37 10.68

MnO 0.14 0.14 0.14 0.14 0.14 0.14 0.13 0.13 0.14 0.14 +0.01
MgO 28.74 29.51 28.67 28.36 28.29 27.92 28.87 29.65 28.49 29.44 +0.10
CaO 5.03 4.89 5.33 5.17 5.56 5.64 4.93 4.55 5.34 4.27 +0.10
Na,O 0.42 0.34 0.41 0.36 0.39 0.38 0.36 0.29 0.44 0.37 +0.10
K,0 0.04 0.05 0.03 0.03 0.03 0.03 0.03 0.02 0.03 0.03 +0.05
P,0s5 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 +0.01
LOI 7.72 7.43 6.76 7.47 7.60 7.44 7.84 8.24 6.97 8.28 +0.20
Total 100.02 100.02 99.92 99.7 99.91 99.4 99.91 99.73 99.81 99.72

Mgt 0.84 0.85 0.84 0.84 0.84 0.84 0.84 0.84 0.85 0.84 0.83
Cr (ppm) 2500 2500 2200 2400 2300 2300 2600 2400 2400 2200 +10
Ni (ppm) 1472 1481 1428 1441 1447 1432 1459 1555 1422 1633 +10

* The data were analysed in the Geological and Geophysical Department of the Academy of Sciences Institute of China using XRF-1500 Sequential X-RAY

Fluorescence Spectrometer. Mg#=Mg/(Mg+Fe).
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Fig. 5. Covariant diagram of the komatiites in Mengyin Shandong.

LOI is as much as 6.76—8.28 wt.%. So the Mengyin komatiites
are low-Ti, Al-undepleted and high-MgO lavas. In the MgO
covariant diagrams, only CaO and Ni show linear correlation
(Fig. 5a, b). Mg-numbers in the relic olivine are from 0.80—
0.86. Cr abundance in the olivine is 0—0.15 wt.%, Ni=0.23—
0.39 wt.%, CaO=0-0.18 wt.% and Ti=0-0.04 wt.% (Table 2).
Most of the Cr is below 0.1 wt.%, but in some cases it goes up to
0.15 wt.%; CaO is generally 0.01%, but in some cases up to
0.18 wt.%.

5. Discussion

The data presented in this study shows that even though the
Mengyin Komatiites underwent significant metamorphism and
alteration, some relic spinifex textures and igneous olivine
grains are still preserved. As such, it is important to know the
primitive MgO abundance, which was in equilibrium with the
melt to infer the potential eruption temperature of the rocks.

5.1. Alteration

High Loss on Ignition indicates that there are many hydrous
minerals in the rocks, which is consistent with the large amount
of serpentine, tremolite, chlorite and talc suggesting strong
secondary alteration. Such minerals tend to occur where there
are plenty of fluids. Some serpentine forms bands near
tremolite, some near relict olivine. Many magnetite grains in
the matrix also indicate the transformation from olivine to
serpentine. The Mg-number decreases from the center to the
margin of the olivine. In most cases, the CaO abundance is

0.01%, but some olivines have up to 0.18 wt.%. Obviously CaO
in our samples is much lower than igneous komatiite olivine
(Ca0>0.2 wt.%, Arndt et al., 1977). Moreover, there is no
sample with intermediate CaO content. This indicates the
possibility that the high-CaO olivine sample K-35 may be
contaminated with tiny Ca-bearing minerals such as tremolite or
calcite. The K-35 olivine is the highest in Al,O3 and K,0, and
this also suggests contamination. This sample is also the highest
in MnO, although the FeO content is relatively low, suggesting
a metamorphic recrystallization origin for this olivine. We
suggest that most olivines from Mengyin were recrystallized
during metamorphic processes (Trommsdorff et al., 1998).

5.2. Whole-rock characteristics

The Mengyin komatiites have low-Ti, which results in the
ratio of Al,O5/TiO, being a little higher than that of chondrite.
Condie (2001) give a good review of Ti content in flood basalts.
Foder (1987) proposed that low-Ti magmas are produced near a
plume axis by high degrees of melting and that high-Ti magmas
are produced by low degrees of melting around the margin of
the plume. Arndt et al. (1993) proposed a similar model in
which the high-Ti group is produced in a plume beneath thick
lithosphere and the low-Ti group beneath thin lithosphere.
These melting models, however cannot explain isotopic
differences between high- and low-Ti basalts (Peate, 1997).
Others have addressed the problem with models that involve
different sources. Because the low-Ti group is not found in
plume-related basalts from oceanic areas, some investigators
have been led to suggest they come from the subcontinental
lithosphere or that they are produced by crustal contamination
(Hergt et al., 1991; Turner and Hawkesworth, 1995).

Ji et al. (1994) regarded that the western Shandong
greenstone belt represents a continental environment based on
the bimodal character of the volcanic rocks with respect to SiO,
contents. Nd isotope data indicate assimilation of 2—6% LREE-
enriched older continental crust or sediments (Polat et al., 2006).

Table 2
Representative microprobe data of the olivine in the komatiites from Mengyin,
Shandong

Sample 11-5 K-15 K-21 K-25 K-24 K-35
Si0, 39.03 39.28 39.60 39.37 38.97 39.13
TiO, 0.00 0.04 0.00 0.02 0.01 0.00
AlLO3 0.00 0.02 0.00 0.01 0.02 0.03
FeOt 13.43 17.81 18.77 17.96 18.73 17.2

MnO 0.11 0.26 0.29 0.28 0.24 0.36
MgO 47.35 42.32 41.73 42.24 41.78 42.43
CaO 0.01 0.01 0.01 0.01 0.00 0.18
Na,O 0.00 0.01 0.01 0.00 0.02 0.00
K,O 0.00 0.00 0.00 0.00 0.01 0.03
Cr,05 0.15 0.00 0.00 0.05 0.00 0.02
NiO 0.37 0.24 0.23 0.39 0.26 0.32
Total 100.45 99.99 100.64 100.33 100.04 99.70
Mg-number 0.86 0.81 0.80 0.81 0.80 0.81

Analyses of olivines in polished thin sections were conducted by EPMA (JXA-
8100) at the Key Laboratory of Orogenic Belts and Crustal Evolution, Ministry
of Education, China. The analyses were performed under an accelerating voltage
of 15 kV and a beam current of 10 nA with a bind spot of 1 pm.
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So the low-Ti komatiite might come from the subcontinental
lithosphere, rather than produced by crustal contamination.

Although the origin of high-and low-Ti flood basalts is not
resolved, most trace element and isotopic data demand two
sources for the two groups (Sharma, 1997). High-Ti magmas
appear to have been generated by low degrees of garnet
lherzolite, leaving garnet in the resitite, whereas low-Ti magmas
reflect a high degree of melting of a different mantle source in
which garnet is not left in the resitite (Condie, 2001). As such,
the Mengyin komatiites might indicate the latter case.

Ni is positively correlated with MgO, indicating that it is
controlled by the crystallization of olivine since Ni is a
compatible element for olivine. In the case of progressive
magmatic fractionation, Ni must display a sympathetic variation
with MgO (Fig. 5b). Other major elements are mobile in the
metamorphism and late alteration.

5.3. Potential eruption temperature

Experimental results show that the partition coefficient of the
Fe/Mg ratio between olivine and coexisting melt is constant
(0.3-0.34), and will increase with pressure (Thompson and
Gibson, 2000). As mentioned in the last section, the Mengyin
komatiites were not derived from a low-pressure source, so we
take the partition factor Kp between olivine and the coexisting
melt as 0.33.

Most of the Fo in the residual olivine is about 0.81, the
maximum Fo is about 0.86, which is equilibrated with 12%
MgO in the primitive melt. We thus identify excess olivine in
the melt and compute the eruption temperature of Mengyin
komatiites to be about 1270° at 1 atm (Nisbet, 1982; Smith and
Erlank, 1982). Such high eruption temperatures are indicative of
a plume source. However, this temperature is based on the
assumption of dry melting conditions, and if there was water
present in the melt the actual eruption temperature would be
lower (e.g., Parman and Grove, 2004).

5.4. Tectonic setting

Although there are some debates surrounding the tectonic
setting of komatiites, most geologists agree that komatiites
formed in an anomalously hot plume environment (Campbell
et al., 1989; Xie and Kerrich, 1994; Herzberg, 1995; Parman
and Grove, 2004). Mainly four tectonic settings are proposed:
oceanic plateau, continental hot spot, arc and rift (Kusky and
Polat, 1999).

Previous studies suggested that the Mengyin komatiites
formed in an arc, continental margin (Xu and Dong, 1992) or a
continental environment (Ji et al., 1994). Considering the
potential eruption temperature and Nd isotopic data, it is
inferred that komatiites of present study may have been related
to a plume source in subcontinental lithospheric setting.

U/Pb zircon and Nd isotopic age show that 2.7 Ga is a peak of
continental crust growth and the eruption of komatiites
worldwide (Condie, 1998). Therefore, the eruption of komatiites
in Shandong may be part of the continental growth in Neoarchean
and reflect part of a global superplume komatiite event.

The tectonic model for the evolution of the North China
craton outlined by Kusky and Li (2003) and Kusky et al. (2004)
sheds some light on the tectonic setting of the Mengyin
komatiites that is consistent with our data. In their model, a
major ocean between the eastern and western blocks closed at
2.5 billion years ago, deforming the western margin of the
eastern block where the Mengyin komatiites and the Shandong
greenstone belt are preserved. The 2.7 billion year age and
probable plume source for the Mengyin komatiites suggests that
the komatiites may have been erupted during plume-related
magmatism related to the initial break-up of an older continental
land mass now preserved as the eastern block of the NCC, and
that the ocean between the eastern and western blocks may have
been active and open from 2.7-2.5 Ga. Further, the correlation
of the Mengyin komatiites with the widespread global komatiite
event at 2.7 Ga suggests that this may have been a global period
of supercontinent break up.

6. Conclusion

Komatiites in Mengyin, Shandong Province have typical
spinifex textures with high-Mg, low-Ti, and undepleted Al
Recent Sm—Nd isotopic data show that enyg ranges from
—0.6~+3.6, but in general lie around +3.3 for fresh samples,
which suggests long-term depleted event with little (if any)
contamination by old continent crust. According to the mass
equilibrium, we get an eruption temperature for the Mengyin
Komatiites of about 1270 °C. It is inferred that komatiites in
Mengyin, west Shandong may be part of a plume-related global
magmatic event related to the break up of a supercontinent that
included the eastern block of the North China craton.
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