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Abstract
A recent paper devoted to unusual fine-scale tubular tunnels found in pyrope and almandine garnets 

suggested that the 5 to 100 μm diameter tunnels were produced by an endolithic organism that is able to 
chemically dissolve and penetrate the mineral, perhaps in search of nutrients. The hypothesized microbial 
boring of the garnets was based on the finding of endolithic remains in the tunnels, but boring alone does 
not adequately explain the linear, highly aligned or occasionally branched tunnels that have been imaged. 
We have prepared this short Letter, in the spirit of Occam’s Razor, to highlight the very probable role that 
dislocations play in the creation of such tunnels by preferential etching of a dislocation-rich deformation 
microstructure. The geometrical features of the tunnels possess all the characteristics of classical disloca-
tion substructures that have been observed in natural and synthetic garnets.
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Introduction
The intricate and beautiful X-ray computed tomographic im-

ages recently published by Ivarsson et al. (2018) contain clear 
evidence of highly aligned parallel tunnels that originate at the 
mineral surface and extend into the interior, see, for example, 
Figure 1. These tunnels form highly regular miniature palisades 
in some regions; in others, they exist as more chaotic branched 
networks with kinks and junctions with uniquely prescribed 
angles. The networks of curvilinear, branching, and anastomos-
ing (interconnected) tunnels were interpreted as evidence that 
these tunnels are independent of crystallography, thus providing 
an indirect foundation for the authors’ hypothesis of biological 
tunneling (Ivarsson et al. 2018). Unfortunately, this interpretation 
completely misses the striking geometric similarities between the 
tunnels in these tomographic images and published observations 
and understanding of dislocation microstructures in both natural 
and synthetic garnets [see, for example, Rabier (1995, 1979); Ra-
bier et al. (1976a, 1981); Garem et al. (1982); Rabier and Garem 
(1984); Allen et al. (1987); Karato et al. (1995); Blumenthal and 
Phillips (1996); Voegelé et al. (1998a, 1998b)].

As is well known, dislocations are prominent in virtually all 
crystalline materials. Dislocation generation, multiplication, and 
motion are widely recognized as a common deformation response 
of crystalline materials to externally applied shear stresses and have 
been extensively observed and characterized in metals and alloys, 
minerals, ceramics, and semiconductors. The absence of disloca-
tions in the pyrope and almandine garnets under discussion, if true, 
would be remarkable.

Here, we briefly review and discuss dislocations in garnets, tun-
nel formation due to abiogenic etching of dislocations in minerals, 
and the similarities between the geometry of dislocation substruc-

tures and the intricate tunnels and networks observed in these pyrope 
and almandine garnets (Ivarsson et al. 2018).

Dislocations in garnets
The relationship between dislocations and plasticity in garnets is 

well established. Synthetic garnets of technological interest such as 
Y3Al5O12 (YAG, yttrium aluminum garnet), Y3Fe5O12 (YIG, yttrium 
iron garnet), and Gd3Ga5O12 (GGG, gadolinium gallium garnet) were 
first studied by Rabier and colleagues (Rabier et al. 1976a; Rabier 
1979) and have exceptional plastic properties compared to other ox-
ide crystals (Garem et al. 1982; Rabier and Garem 1984; Blumenthal 
and Phillips 1996). Likewise, the resistance to plastic deformation in 
natural garnets is significantly greater than that of most other minerals 
of the Earth’s mantle (Karato et al. 1995; Voegelé et al. 1998a). This 
is related to the very large Burgers vectors of dislocations in garnets 
and to a “corrugated” oxygen sublattice, which promotes very high 
atomic-level friction stresses on moving dislocations.

The description of the garnet structure in terms of coordination 
polyhedra, so common in the mineralogical literature, has proven to 
be very useful in understanding dislocation properties in synthetic 
garnets (Rabier et al. 1976b). The garnet structure can be regarded 
as a body-centered cubic (bcc) lattice with a very large unit cell. The 
edge of the bcc unit cell is of order 1.2 nm, whereas most common 
minerals have considerably smaller unit cells. Thus, the magnitude 
of the smallest perfect unit Burgers vector, b = ½<111>, is about 
1.0 nm. This results in a very large strain energy, proportional to Gb2 
per unit length of dislocation (G is the elastic shear modulus). The 
strain energy of a dislocation can be lowered by spreading of its core 
and by dissociation of the parent dislocation into partial dislocations 
that bound a planar stacking fault. The dissociated configuration 
is glissile as long as it remains on the glide plane, but it becomes 
sessile when reconfigured off of the glide plane (Garem et al. 1982; 
Blumenthal and Phillips 1996).
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