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abstract

Olivine fabrics are crucial for deciphering anisotropy of many physical properties in the upper 
mantle, such as seismic velocity and thermal diffusivity. Under circumstances where crystallized 
mantle rocks do not suffer strong modification from later deformation, olivine fabrics can reflect the 
results of anisotropic crystal growth and viscous magmatic flow. Currently little is known about the 
crystallization habits of olivine in nature. Here we report crystallization habits of olivine phenocrysts 
in two Hawaiian tholeiitic basalts. The low Mg numbers (=Mg/[Mg+Fetotal] × 100 atomic ratios; <88.1) 
of olivine grains suggest that they are crystallized products from the host magma rather than captured 
ones from peridotite xenoliths. Many olivine grains have non-equidimensional euhedral crystal shapes 
due to anisotropic crystal growth rates. Electron backscatter diffraction (EBSD) analyses show that of 
the 115 analyzed olivine grains, 84 grains are oriented with their long axes parallel to the [001] axis, 
while 24 and 7 grains have their long axes parallel to the [100] axis and the [010] axis, respectively. 
This growth habit is different from that reported for olivine grown at subsolidus conditions without 
fluid/melt. Our results imply that olivine will most likely form the AG-type fabric (i.e., a point maximum 
of the [010] axis normal to the foliation plane, and a girdle distribution of the [100] and the [001] axis 
in the foliation plane) during crystallization from magma chambers undergoing compaction, and the 
B-type fabric (i.e., a point maximum of the [010] and the [001] axis normal to the foliation plane and 
parallel to the lineation, respectively) during pure or simple shear mode magmatic flow, provided that 
no or weak later plastic deformation is superimposed upon these magmatic fabrics. The AG-type and 
the B-type olivine fabrics in natural cumulates can be interpreted as results of anisotropic growth of 
olivine and viscous magmatic flow. Anisotropic olivine growth is expected to strongly affect the fabric 
development in the upper mantle portion where there is extensive partial melting (e.g., the mantle 
wedge above subduction zones or the upper mantle beneath the middle ocean ridges) or reactive melt 
percolation leading to crystallization of olivine at the consumption of pyroxene.
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introDuction

Crystallographic preferred orientation (CPO) of minerals 
is important for extrapolating deformation mechanism, shear 
sense, strain geometry, and deformation temperature of rocks 
from deep crust and upper mantle of the Earth (e.g., Law 1990). 
It is generally believed that significant CPOs of minerals are 
produced by dislocation glide during dislocation creep of rocks 
(e.g., Zhang and Karato 1995; Tommasi et al. 2000; Zhang et 
al. 2006; Soustelle et al. 2010; Michibayashi and Oohara 2013). 
In addition, remarkable CPOs may also result from grain-size 
sensitive creep regimes, like diffusion creep or grain boundary 
sliding (GBS) (e.g., Bons and den Brok 2000; Hansen et al. 
2012; Miyazaki et al. 2013; Getsinger and Hirth 2014; Précigout 
and Hirth 2014), although many studies have linked weak or 
random CPOs of minerals to deformation by diffusion creep 
or grain boundary sliding as well (e.g., Storey and Prior 2005; 
Warren and Hirth 2006; Skemer and Karato 2008; Drury et al. 
2011). Apart from deformation-induced CPOs, distinct mineral 
CPOs are also frequently seen in undeformed rocks, like gran-

ites, anorthosites, gabbros, and peridotites of magmatic origin 
(e.g., Jackson et al. 1975; Benn and Allard 1989; Mainprice and 
Nicolas 1989; Müller et al. 2011; Ji et al. 2014; Van Tongeren et 
al. 2015). These magmatic CPOs are crucial for understanding 
the dynamical processes within magma chambers (e.g., Benn 
and Allard 1989) and to better constrain the CPO development 
and deformation mechanisms of deformed magmatic rocks, 
considering that CPOs arising from magmatic flow could be 
preserved during later deformation by grain-size sensitive flow 
(e.g., Cao et al. 2017), but destroyed during strong deformation 
by dislocation creep. Thus, knowledge of CPO formation under 
supersolidus conditions is of significance.

Olivine is the most abundant and probably the weakest 
constituent mineral in the upper mantle (Mackwell et al. 1990). 
Numerous efforts have been made to elaborate olivine CPOs dur-
ing deformation in nature and laboratory experiments (e.g., Avé 
Lallemant 1975; Zhang and Karato 1995; Bystricky et al. 2000; 
Jung and Karato 2001; Tommasi et al. 2008; Ohuchi et al. 2011). 
These studies demonstrated that olivine can develop different 
CPOs in response to dislocation creep under various temperature, 
stress, water content, pressure, melt, and deformation geometry 
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