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1 Introduction

formed in the region that has a temperature gradient.
Because temperature gradient causes compositional
differentiation in silicate melt (Walker and Delong, 1982),
and the liquidus of mafic melt is mainly controlled by the
MgO content (Chen and Zhang, 2008; Niu et al., 2002)，
therefore melts with a continuous spectrum from high to
low Mg# can be formed from bottom up in the
temperature-imposed region. In addition, plagioclases
formed by these melts have high An content (Xu et al.,
2016).

The widely accepted standard model for the lunar
feldspathic crust is: the early Moon was wholly or mostly
molten, forming Lunar Magma Ocean (LMO). Olivine and
pyroxene crystallized first from that magma ocean and sank
to form the Moon’s mantle. After 80% of the LMO had
solidified, plagioclase feldspar began to crystallize, floated
in the dense Fe-rich melt (Snyder et al., 1992), and
collected at the Moon’s surface to form a global crust of
ferroan anorthosite (Shearer and Papike, 1999).However,
as the observational data on lunar meteorites is
continuously accumulated, the standard model received
challenges (Pernet-Fisher and Joy, 2016; Shearer et al.,
2015), such as the nearly constant composition of calcic
plagioclase (An95–98) in the feldspathic crust (Xu et al.,
2016) ， the coexistence of ferroan and magnesian
anorthosite (Gross et al., 2014), which is difficult to be
explained by the standard model (Xu et al., 2016).

3 Implications
Chemical and isotopic fractionations (Richter et al.,
1999; Walker and Delong, 1982) caused by temperature
gradient have been shown very early in the laboratory,
but unambiguous natural occurrence has not been found
so far. We think one of important reasons is: the time for
keeping the temperature gradient in interior and the
margin of igneous intrusion or lavas, is too short to lead
a significant fractionation in chemistry and isotope, since
the thermal diffusion is several orders of magnitude
faster than the mass diffusion. While the temperature
gradient can be kept for several million years within the
partially solified top of the LMO, thus significantly
chemical fractionation must occur during the formation
of the lunar anorthositic crust.
The initial cooling stage of planetesimal is similar to
our model, and the formations of chondrules and
chondrites are also related to this process (Sanders and
Scott, 2012) ， thus chemical fractionation caused by
temperature gradient can be predicted in the chondrules
and chondrites.

2 Model
At the initial stage of solidification, the surface
temperature of the LMO is mainly controlled by the
shines of the Sun and early Earth (Arpita et al., 2014),
because the small planet, the Moon, cannot keep its
primary atmosphere. Thus, solidification on the top of the
LMO is important, and temperature gradient must exist
and be kept between the solified lid and the interior of the
LMO (Xu et al., 2016). Based on this hypothesis and
paradigm, our model for the origin of the coexistence of
ferroan and magnesian anorthosite in the lunar crust is:
these melts for the ferroan and magnesian anorthosite are

* Corresponding author. E-mail: zhudan@vip.gyig.ac.cn
1

Vol. 91 Supp. 1

ACTA GEOLOGICA SINICA (English Edition)
http://www.geojournals.cn/dzxben/ch/index.aspx

Acknowledgements

http://mc.manuscriptcentral.com/ags

Apr. 2017

Richter, F.M., Liang, Y. and Davis, A.M. (1999) Isotope
fractionation by diffusion in molten oxides. Geochim.
Cosmochim. Acta 63, 2853-2861.
Sanders, I.S. and Scott, E.R.D. (2012) The origin of chondrules
and chondrites: Debris from low-velocity impacts between
molten planetesimals? Meteoritics & Planetary Science 47,
2170-2192.
Shearer, C.K., Elardo, S.M., Petro, N.E., Borg, L.E. and
McCubbin, F.M. (2015) Origin of the lunar highlands
Mg-suite: An integrated petrology, geochemistry, chronology,
and remote sensing perspective. American Mineralogist 100,
294-325.
Shearer, C.K. and Papike, J.J. (1999) Magmatic evolution of the
Moon. American Mineralogist 84, 1469-1494.
Snyder, G.A., Taylor, L.A. and Neal, C.R. (1992) A chemical
model for generating the sources of mare basalts: Combined
equilibrium and fractional crystallization of the lunar
magmasphere. Geochimica Et Cosmochimica Acta 56,
3809-3823.
Walker, D. and Delong, S.E. (1982) Soret separation of
mid-ocean ridge basalt magma. Contributions to Mineralogy
and Petrology 79, 231–240.
Xu, Y., Li, X., Zhu, D. and Wang, S. (2016) Evolution of lunar
magma ocean and crust formation under initial conductive lid.
Acta Petrologica Sinica 32, 1-9.

Funding for this study comes from Chinese NSF projects
(41490635, 41530210 and 41573040).
References
Arpita, R., Jason, T.W. and Steinn, S. (2014) Earthshine on a
Young Moon: Explaining the Lunar Farside Highlands. The
Astrophysical Journal Letters 788, L42.
Chen, Y. and Zhang, Y. (2008) Olivine dissolution in basaltic
melt. Geochim. Cosmochim. Acta 72, 4756-4777.
Gross, J., Treiman, A.H. and Mercer, C.N. (2014) Lunar
feldspathic meteorites: Constraints on the geology of the
lunar highlands, and the origin of the lunar crust. Earth and
Planetary Science Letters 388, 318-328.
Niu, Y., Gilmore, T., Mackie, S., Greig, A. and Bach, W. (2002)
Mineral chemistry, whole-rock compositions, and
petrogenesis of Leg 176 gabbros: data and discussion., in:
Natland, J.H., Dick, H.J.B., Miller, D.J., Von Herzen, R.P.
(Eds.), Proceedings of the Ocean Drilling Program, Scientific
Results, pp. 1-60.
Pernet-Fisher, J.F. and Joy, K.H. (2016) The lunar highlands:
old crust, new ideas. Astronomy & Geophysics 57,
1.26-21.30.

2

