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Abstract: “Silica Biomorphs” are self-assembled nanocrystals of barium carbonate that form in silica-rich environments. Their
morphologies are highly reminiscent of the shapes of primitive life (discovered in Archean cherts), but the precipitates are clearly
inorganic and form without intervention of any organic material. The concept of morphology and symmetry has always been used
to divide the world into two large groups: the realm of the inanimate and the realm of the living. The object of this study is not to
debate the truthfulness of the microfossils, but to understand the laws that control the formation and the shape of polycrystalline
structures and to underline the false notion that the living and abiotic realms can be distinguished on the basis of their morphology.
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1. Introduction

The supposed cyanobacterial microfossils from the
Precambrian Warrawoona Chert Formation (Western Aus-
tralia) are reputed to be the oldest terrestrial microfossils
(3.465 billion years) and these are thought to be a record
of primordial life on Earth (Schopf & Walter, 1983; Schopf
& Klein, 1992). This sensational discovery has been sug-
gested to have dubious features on the grounds of the stud-
ies of García-Ruiz (García-Ruiz, 1993; García-Ruiz et al.,
2002, 2003). His research group, in the last twenty years,
has studied through new analytical techniques some pecu-
liar crystalline structures, the key point being the morpho-
logical convergence between the microfossils of the “Chert
Formation” and crystalline synthetic objects (García-Ruiz,
2003).

The precipitation of BaCO3 in silica-rich environments
results in the formation of these crystal aggregates, termed
“Silica Biomorphs”, because their exterior morphologies
(curvilinear and non-faceted) resemble the forms previ-
ously believed to be those solely found in the organic bi-
ological realm.

The structures we observed have non-crystallographic
shapes and exhibit complex but regular morphologies,
including globular aggregates, cardioid sheets and heli-
coidal filaments (Fig. 1). García-Ruiz & Amorós (1979)
first showed that these microstructures can be synthesized,
without the intervention of any organic material or living
organism.

This paper deals with the same kind of experiment, done
in our laboratory, to understand better the growth condi-
tions generating these objects.

Fig. 1. SEM views of representative morphologies of silica
biomorphs: globular shape (A), cardioid sheet (B) and helical fil-
ament (C).

2. Experimental growth of silica biomorphs

The synthesis of this kind of aggregate is very simple, re-
quiring only: a source of carbonate ions (e.g. atmospheric
CO2), a strongly alkaline environment (sol or gel) and
the presence of silicate species and alkaline-earth cations
(in particular Barium and Strontium), at room temperature
(García-Ruiz,1979).

2.1. Growth in sol

A sodium metasilicate (NaMTS hereinafter) solution pre-
pared by diluting water glass to the desired concentration
(typically Na2SiO3 ·9H2O 1000 ÷ 5000 ppm) is mixed into
a solution of soluble BaCl2 (0.1 M). Silica concentrations
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Fig. 7. Morphological evolution of aggregates as a function of crys-
tallization time and silica concentration in the sol (BaCl2 0.1 M be-
ing constant).

the cardioid rims thicken and wrap in the same sense, in
such a way that the cross-section parallel to the short axis
is “S-shaped” (Fig. 8). As the rims enter the cusp they begin
cooperating to form a unique helicoidal filament.

4.2. Funnel-shaped aggregates (circular)

Another peculiar aperiodic structure shows a funnel-
circular shape. These morphologies are formed only at high
supersaturation, generally in silica sol, and look like open
3D structures (Fig. 9).

5. The periodic structures

5.1. Helical filaments

Filaments show different lengths (from a few µm to
700 µm), thicknesses (from 10 to 60 µm) and rolling
(Fig. 10).

Fig. 8. SEM image (A–C) and cross-section perpendicular to the
long axis of a cardioid sheet (A’). Images A–C show increasing de-
tails of the curled rims. Scale bars: (A) 100 µm; (B) 20 µm; (C)
10 µm.

Fig. 9. Aperiodic structures showing funnel-circular shapes. SEM
scale bars: (A, B) 50 µm, (C) 20 µm.

6. Chemical composition

The chemical composition of these peculiar aggregates
we determined is not completely defined. García-Ruiz
(García-Ruiz, 1985, 1998; García-Ruiz et al., 1979, 2003;
Hyde et al., 2004) systematically showed that these
biomorphs are dual composites, consisting of intergrowths
of an inner crystalline aggregate (BaCO3, Witherite) and an
amorphous external silicate membrane. Both growth and
morphological properties are controlled by the reaction be-
tween BaCO3 and the silicate species present in the mother
phase. To avoid the possible interference of the gel matrix,
we analyzed by XRPD the sample we extracted from so-
lution growth, after repeated washing cycles (with deion-
ized water) and drying at 50 ◦C. Several long-exposure
(12–16 h) XRPD patterns were obtained to enhance the
signal/noise ratio. The XRPD diagrams, after background
removing and slight smoothing, were decomposed into
Lorentzian functions. Then the BaCO3 pattern was sub-
tracted and the remaining small peaks (corresponding to
the equidistances d = 0.3230; 0.2263; 0.2135; 0.2034 nm)
were fitted with those of small amounts of crystalline bar-
ium silicates with different degrees of hydration (JCPDF
00-027-1035; 00-035-0766; 00-026-0179) (as indicated by
arrows in Fig. 11).

This result is in agreement with the SEM-EDS images,
which show the presence of Si in the filaments and illustrate
that there is no difference between the core and the outer
region of the aggregates (Fig. 12).
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Fig. 10. SEM images (A–D) and optical views (E–F) of different
filaments. (A) without evident rolling; (B) thick and short; (C) thin
and long; D) with variation in the periodicity; with long (E) and
short (F) rolling period. Scale bars: (A, C) 50 µm; (D) 100 µm; (B–
F) 20 µm.

Fig. 11. X-ray powder diffraction patterns of the solution-grown ag-
gregates (to avoid the gel drying) showing the sharp BaCO3 peaks
and some small barium silicate peaks (fitted by EVA program).

7. Crystal arrangement

All the observed morphologies are nothing else than pecu-
liar arrangements of single crystals forming polycrystalline
structures, as shown by the TEM images (Fig. 13).

Figure 13 A, B illustrate a typical ring pattern that sup-
ports the presence of polycrystalline organization. The dis-
tance among the circular rings and the diffraction pattern
below (Fig. 13C) suggest the existence of oriented BaCO3
subunits.

The TEM images show the wavy profile of the heli-
coidal filaments, along with their structure composed by
hexagonal-shaped nanocrystals which seem randomly ori-
ented (Fig. 14A, B). Their size does not exceed 10 nm and
their structure is perfect (Fig. 14C).

Fig. 12. (A): Back-scatter electron image of a section of a helical
filament. (B, C, D): filament EDS maps of Ba, Si, Ba (red) + Si
(green), respectively. Scale bars: 60 µm. Magnification: 1000x.

Fig. 13. Diffraction TEM patterns showing the polycrystalline char-
acter (A, B) and the ordered structure of a BaCO3 nanocrystal (C).

Fig. 14. TEM images of the: (A) wavy profile of the helicoidal fil-
ament; (B) the structure of the polycrystalline aggregate showing
hexagonal-shaped nanocrystals and (C) sequence of equidistant lat-
tice planes of the nanoindividuals. Scale bars: (A) 20 nm; (B) 10 nm.

8. Discussions

The external forms of twisted ribbons and the other silica
biomorphs are in many cases indistinguishable from puta-
tive Bitter Springs (Schopf, 1968) and Warrawoona micro-
fossils from Australia (Schopf et al., 2002).

Hence, the heart of the matter concerning the false notion
that the living and abiotic realms can be distinguished on
the basis of their morphology, as outlined in the introduc-
tion, is still unresolved.

Nevertheless, we reasonably think that some qualitative
progress has been made in the knowledge of the formation
mechanisms of these peculiar objects.
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Going into details:
(i) From pure aqueous solution, witherite (BaCO3)

crystallizes in the same way as other important spar-
ingly soluble carbonates. So, it grows as small and well-
formed single crystals, easily distinguishable with the op-
tical microscope. Indeed, pseudo-hexagonal [001] rods
{001} truncated were observed in pure aqueous solution,
as usually occurs for the aragonite-type crystal twins.

(ii) In the presence of the [SiO4]4− group, especially when
their concentration is high (as in our experiments), the
growth of BaCO3 does not occur as single well-shaped
crystals, but as polycrystalline aggregates. The size of
the constituent individuals is nanometric (García-Ruiz &
Amorós, 1979) and their structure is perfect (this work).
The presence of banded cardioids among these aggregates
proves that this rhythmic precipitation is strongly con-
trolled by diffusion in the solution bulk, and hence that the
formation of well-shaped aggregates is hindered by solu-
tion stirring.

(iii) From the second consideration it is clear that the
nanometric size and the huge number of individuals com-
posing the filaments witness both a small critical crystal
radius r∗ = 2Ωγxs

kT ln β and a high nucleation rate (J3D).
It is known that, at constant temperature, the nucleation rate
increases when γxs decreases and β increases:

J3D ≈ exp

[
− f × Ω2 × γ3

xs

(kT )3 (ln β)2

]

where:
J3D: nucleation rate (nuclei cm−3s−1)

k: Boltzmann constant

f : shape factor

T : absolute temperature

Ω: molecular volume of the crystal

β: supersaturation ratio

γxs: specific interfacial tension (crystal/solution)
With respect to a pure aqueous solution, the NaMTS solu-
tion promotes the increasing of J3D, because the adhesion
energy (βadh) between the solution and the crystal increases
as well (Dupré equation):

γxs = γx + γs − βadh

where γxs, γs and γx are the crystal/solution, the solution
and the crystal free specific energies, respectively. In fact,
even if the term γs slightly increases when going from a
pure aqueous to metasilicate solution, βadh increases much
more owing to the adhesion of the [SiO4]4− groups onto the
carbonate surfaces.

(iv) The evaporation at the solution/atmosphere interface
(where the growth has its origin) enhances the local super-
saturation (β).

Fig. 15. SEM image (A) and schematic representation of the con-
centration gradient trend near the apex of the cardioid sheet (B) and
around the edge during the formation of dendritic aggregates (C).
Scale bar: (A) 50 µm.

(v) A solution strongly concentrated in (SiO4)4− presents
concentration gradients higher than those of a dilute solu-
tion of a sparingly soluble salt. This is a further element
that strengthens β.

(vi) The transformation of a cardioid sheet (planar shape)
into a helical filament (concavo-convex shape) might be
due to a dramatic increase in the concentration gradient
and hence of local supersaturation around the apex. Indeed,
when the gradient exceeds a critical value, the phenomena
near the cusp are no longer linear (for instance, periodic
dendrites) (Fig. 15). So this process can be due to a kinetic
effect.

9. Conclusion

Silica biomorphs form only in a stagnant (gel) or quasi-
stagnant (sol) and strongly alkaline crystallization environ-
ment (pH 9-12.8). The best results are obtained in silica
gels where the reaction crystallization occurs under purely
diffusive transport (Henisch, 1970).

The curling at the apex of the cardioid-shaped sheets oc-
curs when growing under stagnant conditions, whilst it dis-
appears in all experiments carried out in stirred solutions.
These peculiar morphologies are produced only when the
concentration of [SiO4]4− groups is high and only in these
conditions are BaCO3 nanocrystals assembled in polycrys-
talline periodic structures.

Our reasoning on nucleation frequency and critical crys-
tal size only qualitatively accounts for the nanometric size
of the individuals building the crystal aggregates; therefore,
we are carrying out careful measurements to estimate the
values of both the mean adhesion energy between BaCO3
crystals and the surrounding solution (gel) and the surface
energy of the solution (gel).

We are also performing surface energy estimation of
the most important crystallographic forms of the BaCO3




