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Abstract

A colony of macro-fossils Akouemma hemisphaeria has been described in the
Paleoproterozoic sedimentary basin of Okondja, Gabon. These fossils are clas-
sified into two groups according to their spheroidal or elongated forms. The
spheroidal shapes are similar, have a tripartite structure with two hemispheres
and a median disc and gradually pass to the elongated forms. These elongated
forms have a pronounced bipartite tendency to two “hemispheres” separated
by a median surface, and often have several ovoid “pieces” attached. The
elongated specimens show both lateral growth marks and signs of fission.
Growth marks are characterized by unidirectional homogeneous side elonga-
tions and lateral bud-like protuberances. The signs of fission are marked by
circular furrows perpendicular to the direction of elongation, called “constric-
tion furrows” with varying depths depending on the degree of fission of the
specimen and internal vertical “division planes”. All of these ovoid and elon-
gated specimens have undergone significant initial deformations due mainly
to mutual lateral compressions in tabular beds. The Akouemma hemisphaeria
macro-organisms, which were primitive probably sessile organisms, lived on
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the seafloor. They provide the oldest known record of macro-organisms on
Earth having vegetative growth and asexual reproduction by budding, lateral
elongation and fission. Their mutual lateral deformations would result from
their growth.
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Paleoproterozoic, Francevillian Group, Okondja Basin, Akouemma
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1. Introduction

The Paleoproterozoic is one of the most significant periods in the Earth’s histo-
ry, not only for the environmental changes represented by Snowball Earth [1]
and Great Oxidation Event [2], but also for the appearance of the eukaryotic fos-
sils [3]. For example, Grypania is a well-known eukaryotic macroscopic com-
pression fossil from 1.9 Ga in Michigan, USA [4]; a colony of Discagma buttonii
are macro-fossils discovered in the palaeosols of South African and dated to 2.2
Ga [5]; however, the biological classifications of these fossils are still under de-
bate. Recently, Gabon came into the spotlight by the discovery of colonial or-
ganisms [6] and Akouemma hemisphaeria macrofossils colony [7] [8]. The Elu-
cidation of their life cycles enables us to make a breakthrough to the controver-
sial Paleoproterozoic paleontology.

The macrofossils Akouemma hemisphaeria described in the Paleoproterozoic
basin of Okondja are located in the FB,b formations [7] [8] dated at 2191 + 13
Ma [9] (Figures 1(A)-(C)). They are organic macrofossils of ovoid (spheroidal)
shape, with 2 cm of average diameter, consisting of two hemispheres separated
by a median disc (Figure 1 (D0), 3); and elongated shapes whose polar diameter
is substantially similar to that of the ovoid shapes. These elongated forms rarely
exceed 6 cm in length (Figure 1 (D6, D7), 4-7). A statistical study shows that the
transition from spheroidal to elongated forms seems to be gradually (Table 1,
Figure 2). The internal structure is fibro-radial, centrifugal upward in the upper
hemisphere and centrifugal downward in the lower hemisphere, initially con-
sisting of fibers and carbon particles [7] [8]. These organisms have undergone
significant deformations in tabular beds and hosted a large number of cyano-
bacteria, filamentous microorganisms, green alga fragments, small unicellular
and multicellular organisms and other lenticular and oblong shape bodies; they
are, in the history of Earth Sciences, the first Paleoproterozoic organisms de-
scribed, living in association with a biodiversity of microorganisms [8]. Their
fossilization is essentially siliceous to more than 80%, composed of mi-
cro-quartz, associated with EPS type calcite, oxides and iron sulphides and sec-
ondary-formed clay minerals which perfectly highlight the internal structure of

these specimens [7] [8].
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Figure 1. (A) Geological map showing the context of fossiliferous Palaeoproterozoic rocks in Gabon. (B) Lithostrati-
graphy of units FB2, FC and FD in the Okondja Basin. (C) Lithostratigraphy of fossiliferous Akou River. (D) Different
forms of Akouemma hemisphaeria (D0-D8). Scale bars: 1 cm. ([7], modified).
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Figure 2. Graph showing the range of polar diameter (PoD) and equatorial diameter (EqD) in the Akouem-
ma specimens in (A); and the range of report EqQD/PoD and equatorial diameter in (B). These show a ten-
dency for typical specimens to be ovoid (A1) and the elongated shapes showing a tendency towards lateral
growth (A2-A5), “constriction zone” (external furrow) and division (internal division plane) (A3-A5). In the
spheroidal forms the polar (PoD) and equatorial (EqD) diameters grow proportionally, and less than 3 cm; in
the elongated forms only the equatorial diameter continues to grow, exceeding barely 6 cm. (Ea): Elongation
axis, (T1): Theoretical limit between spheroidal forms and elongated forms. Scale bars: 1 cm. ([8] modified).
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Table 1. Measurements of polar (PoD) and equatorial (EqD) diameters of specimens
Akouemma hemisphaeria.

EqD, PoD, EqD, PoD,

N° (cm) (cm) EqD/PoD N° (cm) (cm) EqD/PoD
1 2.8 2.7 1.04 56 1.7 1.4 1.21
2 2.3 2.2 1.05 57 3.2 2.7 1.19
3 3.5 2.6 1.35 58 2.7 2.7 1
4 2.3 2.2 1.05 59 2.4 2.4 1
5 2.2 2 1.1 60 2.8 2.6 1.08
6 3.1 2.4 1.29 61 3.1 2.4 1.29
7 4.2 2.3 1.83 62 4.2 2.3 1.83
8 3.6 2.1 1.71 63 2.1 2 1.05
9 6.2 2.7 2.3 64 2.7 1.8 1.5
10 1.8 2 0.9 65 2.7 2.3 1.17
11 1.9 1.9 1 66 2 1.8 1.11
12 2.2 2.1 1.05 67 2.5 2.2 1.14
13 2.1 2 1.05 68 2.2 2.1 1.05
14 2.2 2 1.1 69 2.6 2.4 1.08
15 3.1 2.3 1.35 70 2.3 2.4 0.96
16 2.4 2.3 1.04 71 2.1 1.9 1.11
17 3.2 1.9 1.68 72 2.5 2.4 1.04
18 2.4 1.9 1.26 73 2.6 2.5 1.04
19 1.9 1.8 1.06 74 2 1.4 1.43
20 39 2.6 1.5 75 1.8 1.4 1.29
21 0.7 0.8 88 76 1.9 1.9 1
22 1.7 1.8 0.94 77 2 2 1
23 0.9 0.8 1.13 78 2 1.9 1.05
24 2.2 2.1 1.05 79 2.8 2.5 1.12
25 0.9 0.9 1 80 2 1.7 1.18
26 1.6 1.7 0.94 81 2.8 2.6 1.08
27 3.2 2.2 1.45 82 2.4 2.2 1.09
28 2.1 2 1.05 83 2.8 2.8 1
29 1.2 1.1 1.09 84 2.8 2.6 1.08
30 3 2 1.5 85 2.7 2.4 1.13
31 2.5 2.7 0.93 86 2.4 2.4 1
32 1.6 1.7 0.94 87 2.4 2.5 0.96
33 3.1 2.3 1.35 88 2.7 2.6 1.04
34 0.7 0.8 0.88 89 2.7 2.6 1.04
35 1.8 1.7 1.06 90 3.7 2.5 1.48
36 2.3 2.1 1.1 91 5.2 2.7 1.93
37 2.7 2.9 0.93 92 2.8 1.9 1.47
38 1.2 1.3 0.92 93 3.3 2.1 1.57
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Continued
39 2.3 2 1.15 94 4.9 2.8 1.75
40 2.4 2.6 0.92 95 4.5 2.6 1.73
41 1.5 1.4 1.07 96 4 2.3 1.74
42 3.8 2 1.9 97 3.9 2.7 1.44
43 2.2 2.1 1.05 98 3.9 2.5 1.56
44 33 1.9 1.74 99 4.7 2.2 2.14
45 1.9 1.8 1.06 100 3.7 2.4 1.54
46 2.8 2.2 1.27 101 3.6 1.9 1.89
47 2.1 1.9 1.11 102 4.2 2.6 1.62
48 2.3 2.3 1 103 4.8 2.6 1.85
49 1.1 1 1.1 104 4.3 2.6 1.65
50 33 2.4 1.38 105 4.2 2.5 1.68
51 3.7 2 1.85 106 3.4 2.4 1.42
52 2.6 2.6 1 107 4 2.2 1.82
53 2.5 2.4 1.04 108 4.9 2.8 1.75
54 2.1 1.7 1.24 109 3.3 2.3 1.43
55 2 2 1 110 3.5 2.4 1.46

2. Material and Methods

The studied macrofossils are Akouemma hemispheria from Akou River in
Okondja basin (Figure 1). The fossils are found from more than 7 layers in the
FB2 unit, alternating layers of quartz sandstone and black shale. The main ana-
lyses of these specimens are CT analysis, neutron tomography, SEM-EDS, PIXE
analysis and a statistical study on the shape and size of specimens. These me-

thods presented herein again, we have already described them [7] [8].

2.1. Laboratory-Based CT Analysis

Carl Zeiss Nanotom scanner was used to obtain data on specimens contained in
sediments with slices 0.5 mm thick. On simple samples and specific areas, slices
of 17 pm and 70 pm were analyzed with a Carl Zeiss Metrotom and a Carl Zeiss
Metrotom. The best image quality and inter-operability were ensured by ex-
porting all CT and micro-CT data using the DICOM export file format.
Processing of 2D and 3D images from the CT and Micro-CT DICOM stacks was
performed on a Dell Precision T7400 Dual Quad Core Intel Xeon 3.2 GHz
workstation, using 32 GB of DDR RAM and a Quadro FX 4600 graphics board
running VG Studio Max 2.0 and 2.2 x 64 from Volume Graphics GmbH. The
Micro-XCT-400 system at Tohoku University was used to perform complete-
mentary micro-CT analyzes for X-strata; and the photographs of all strata were

made using a 3D MOLCER image viewer.

2.2. Neutron Tomography

Neutron imaging is an alternative method to X-ray imaging that provides new
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insights in the sample composition. The techniques are similar but the radiation
type is changed to neutrons. Neutrons are sensitive to different elements than
X-rays and in particular light elements deliver higher contrast in the recorded
images to reconstruct a three-dimensional image of a sample [10]. Examples of
high contrast elements are hydrogen and lithium, while many metals exhibit low
attenuation. This is in particular interesting for the investigation of fossils that
often contain iron while the parts of organic origin contains lighter elements
[11] [12] [13]. Neutron imaging requires high neutron flux to obtain a good im-
age quality. This can only be obtained at large scale facilities like research reac-
tors or spallation neutron sources. In this investigation computed tomography
with neutron radiographs provided 3D information about the sample composi-
tion. The experiments were performed at Paul Scherrer Institut using the cold
neutron imaging beam line ICON [14]. The data was acquired using the mi-
cro-tomography setup. It provides a 13.5 um pixel size and a field of view of 27 x
27 mm’. A Gadox scintillator with 20 pm thickness was used to convert the neu-
trons to visible light, the light image was captured using a cooled CCD camera
(Andor DW436). The CT scan was made over 360 degrees with 625 projections
that were reconstructed using the Octopus CT reconstruction software. The re-
construction was made using parallel beam geometry which is a valid approxi-
mation due to the high collimation of the neutron beam at ICON. This resulted
in a volume data set with a 13.5 um voxel size. The signal to noise ratio of the
data was relatively low. Therefore, a denoising filter based on the ROC model in
inverse scale space setting [15] was applied using KipTool [refQuoVadis] to im-
prove the image quality without destroying relevant features. Finally, the volume
data was visualized and animated using the Drishti 2.5.1 volume rendering soft-

ware.

2.3. SEM-EDS

SEM-EDS (electron microscopy-energy dispersion X-ray spectrometry) analyses
were performed on Os-coated samples to investigate the distribution of elements
such as potassium, calcium and iron using a Hitachi S-3400N SEM with a Bruker
Xflash 5010 at the Tokyo Institute of Technology. Measurements were carried

out at an acceleration voltage of 15 kV.

2.4. PIXE Analysis

PIXE (particle-induced X-ray emission) by nuclear microprode allowed quantit-
ative imaging of the distribution of chemical elements in various types of mate-
rials, including fossil samples. In addition, the both PIXE and RBS (Rutherford
backscattering spectrometry) combination allowed complete quantification of
the concentrations of these chemical elements [16]. A polished section of
Akouemma hemisphaeria sample (AKOU16) was analyzed using a PIXE micro-
probe at CENBG (Bordeaux Gradignan). The 1.775-MeV proton beam used

provided information on the distribution of the chemical elements with the
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atomic number > 11 and with an improvement of the carbon signal RBS by car-
bon resonance at 1.75 MeV. The proton beam concentrated to 2 micrometers at
the surface of the sample provided an intensity of 500 pA. The raster scanner
was used to allow chemical imaging of 1.2 x 1.2 mm” of the sample. The chemi-
cal maps recorded in a matrix of 256 x 256 pixels have a spatial resolution of 4.6
um/pixel. In the Akouemma hemisphere (AKOU 16), 393 square areas of 1.2 x
1.2 mm* were each analyzed to cover the entire section of the sample (approx-
imately 576 mm?). For specific areas such as carbonate rich regions, higher spa-
tial resolution maps have been generated with a smaller beam (0.8 pm) and a
lower intensity (180 pA) for digitization. A matrix of 256 x 256 pixels was used
in regions with a maximum area of 0.2 x 0.2 mm’, resulting in a larger spatial
resolution of the configuration (0.8 um). PIXE analysis made it possible to ob-
tain distribution maps for Al, S§i, S, K, Ca, Ti, Mn and Fe. The carbon and oxy-
gen concentrations were determined simultaneously by RBS analysis. The geo-
chemical reference materials of the United States BCR2 (Basalt, Columbia River)
and BIRI1 (Icelandic basalt) were used for the validation of this quantification

procedure.

3. Results
3.1. Shapes, Edges and Discontinuities

Shapes, edges and discontinuities of Akouemma hemisphaeria specimen consists
of spheroidal and elongated shapes with either a “lateral budding”, (Figure 4), or
a “homogeneous lateral elongation” (Figures 5-7).

The spheroidal shapes, of diameter about 2 cm on average are characterized,
whatever their size, by two hemispheres with their central nipple-like feature of
the upper hemisphere and corresponding central depression of the lower he-
misphere which likely correspond to a communication point between the two
hemispheres separated by the median disc with its central orifice and its various
rods or lamellae; the internal radial fabric is upwardly centrifugal in the upper
hemisphere and downwardly centrifugal in the lower hemisphere (Figure 3,
Movie 1, Movie 2) [8]. These spheroidal shapes have vertical axial symmetry;
and the median zone usually has bi-concave surfaces on the hemispheres
(Figure 1 (DO0), 3) [7] [8].

The elongated shapes have a polar diameter similar to spheroidal shapes, the
maximum length of the measured elongation axis exceeds just 6 cm (Figure 1
(D6, D7), 4, 6). These elongated specimens consist to several forms: elongated
forms in single “piece”; elongated forms with “bud” to several pieces, and elon-
gated double and triple specimens (Figure 1 (D1-D6), 4, 5, 6) [7] [8]. They have
a bipartite structure with two hemispheres separated by an internal medial sur-
face, and a median disc often visible at one or both ends of the specimens in ver-
tical section (Figure 4(B), Figure 4(C), Figure 4(M), Figure 4(D), Figure 4(E),
Figure 4(F), Figure 7); this median disc is visible in each “new specimen” in the
horizontal section of the median zone (Figure 4(I), Figure 4(L), Figure
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Figure 3. (A) Macroscopic view of spheroidal Akouemma hemisphaeria type showing a
tripartite structure with a median disc (blue arrow) and two hemispheres. (B) Internal
surface of an upper hemisphere, showing radial sculpture and a central nipple-like fea-
ture. (C) Internal surface of a lower hemisphere, showing radial sculpture and a corres-
ponding central depression. (D) Tomographic vertical section view of spheroidal
Akouemma hemisphaeria type partly in the sediment, showing the cracks delimiting the
median disc (blue arrow); note the communication point (white arrow) between both
hemispheres. (E) Tomographic view of the same sample showing a half the median disc
(arrow blue) with its central orifice (yellow arrow); a half the lower hemisphere with its
cone (white arrow). (F) Tomographic view of other sample showing a horizontal section
of complete median disc (blue arrow) with its central orifice (yellow arrow), and the low-
er hemisphere. (G) Vertical thin section view of spheroidal Akouemma hemisphaeria
type showing in the detail the two hemispheres and the median disc. Note the cones
(white arrow) of hemispheres, the median disc orifice and the communication point (yel-
low arrow) between hemispheres, the different rods or lamellae of median disc (blue ar-
rows), the secondary cracking (red arrow) of the median disc and the peripheral lenticu-
lar body (green arrow).

5(H), Figure 5(L)).

The spheroidal forms gradually pass to bud elongated specimens which may
consist of two to four bonded “pieces”, separated by hardly scored furrows
(Figure 2 (n,, n;), Figure 4, Figure 5(G), Figure 5(I)), or consisting of two to
three contiguous “new specimens” separated by “constriction furrows” of vary-
ing degrees of depth according to their degree of division (Figure 1 (D2-D6),
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Figure 4. Different external and internal aspects of elongated specimens Akouemma he-
misphaeria in growth phase by budding and likely by division. (A)-(B) Top view and ver-
tical section of an ovoid specimen showing two hemispheres separated by a median sur-
face, with a part of the “median disc” at the right end (yellow arrow). (C) Vertical section
view of an elongate specimen showing a lateral bud, the limit of main specimen and the
bud is hardly visible (white arrow), the median surface (blue arrow) is continuous over
the whole of specimen. (D)-(G) Tomographic views of a specimen with a lateral bud, par-
tially in the sediment. (D) Full specimen; (E)-(F) Horizontal section view of the upper
hemisphere showing the limit of main specimen and the bud hardly visible in (E) and
clearly visible in (F). (G) Vertical section view of the same specimen, note the continuous
median surface over the whole specimen (blue arrow) and the limit between the main
body and the bud. (H)-(I)-(J) Specimen with “three-bodies”, (H) Macroscopic view
showing barely visible limits between bodies, (I) horizontal tomographic view showing
three internal “median disc”, (J) Vertical tomographic view showing an internal median
continuous surface on all specimen, the limits between the “bodies” are hardly visible.
(K)-(L)-(M) Specimen with “four-bodies”. (K) A macroscopic view with barely visible
limits between “bodies” (L) A horizontal tomographic view showing four internal “me-
dian disc” with “raised border” (red arrow); (M) A vertical tomographic view showing an
internal median continuous surface on all “bodies” (blue arrow), and on the right ex-
tremity, a part of the “median disc” (yellow arrow). The white arrows indicate the limits
between the bud and the rest of the specimen.

Figure 2 (n,-n;), Figure 5, Figure 6)).
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Figure 5. Different external and internal aspects of the elongated specimens Akouemma
hemisphaeria in growth phase (homogeneous elongation) and duplication. (A) View of a
polished vertical section of an elongated specimen AKOU 16 in a single piece with a flat-
tened upper hemisphere, the internal median surface is barely visible. (B) Image Pixel of
the K distribution map of same sample showing internal polygonal structure and a divi-
sion plane (white arrow). (C)-(D) Akouemma elongated specimen in a single piece
showing in (C) a top view of the hemisphere with a slight depression on the edge (white
arrow); in (D) a tomographic view of the vertical section with two hemispheres separated
by the median disc, note the two communication points probable between the two he-
mispheres (yellow arrow) and the internal polygonal structure (red arrow). (E)-(F) Ver-
tical section of flattened elongated AKOU 35 specimen showing in (E) a flattening of the
upper hemisphere (yellow arrow) and a folding of sediments below (red arrow); note the
division plane in internal polygonal structure (white arrow), in (F) a scan of same sample
shows a distorted internal structure of the upper hemisphere, including the internal po-
lygonal structure; note the “duplication” of specimen (red dotted line). (G) Top view of
the upper hemisphere clearly showing the furrow perpendicular to the elongated axis of
the specimen. (H) Tomographic view of same sample showing a lower hemisphere in a
horizontal section parallel to the median surface with the division plane between two
“bodies” that connects the edge furrow, note a central depression in the left “body” (yel-
low arrow), it is barely visible in the right “body”. (I)-(J)-(K) Different external and in-
ternal aspects of a double specimen. (I) Macroscopic view of the top of the double speci-
men in the field showing two “attached new specimens”; note the deep furrow that sepa-
rates them. (J) Vertical section of the same sample through two conjoined “new speci-
mens” showing weathered margin, radial fabric and division planes; note the polygonal
structures on either side of the division plane (white frame). (K) Same sample, the inter-
nal structure is highlighted by the distribution of the K which shows perfectly the poly-
gonal structure on the two “new specimens” (red frame) suggesting the end of the likely
‘duplication’ process. (L) Macroscopic top view of double specimen median zone, show-
ing in relief the junction (division plane) between the two specimens in formation (white
arrows); note the communication point of each specimen (yellow arrows).

3.2. Boundaries and Discontinuity

Four types of “boundaries” and discontinuity are observed on the specimens:
border, median surface, transverse constriction furrow (constriction zone), and
vertical division planein the elongated forms.

The border (outer) of the specimens is always net; it is net on contact with
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Figure 6. Different external and internal aspects of the elongated specimen Akouemma
hemisphaeria with triple “new specimens” in growth phase (homogeneous elongation)
and fission (duplication). (A) Macroscopic view of the elongated specimen showing two
hemispheres separated by a median surface (blue arrows); note the two furrows, one of
which is fairly deep furrow 1 (S, red arrow) and the other shallow, furrow 2 (S, white ar-
row) around the specimen. (B) Vertical polished section of the same sample showing two
division planes, one is more developed (division plane 1, red arrow) and shows a sharper
limit between the “bodies”; note the polygonal structure on either side of each division
plane; and the other is slightly developed (division plane 2, white arrow) and draws an
incomplete limit between the “bodies” with a polygonal structure less developed; note the
median disc at the ends of the specimen. (B1)-(B2) Details of division plane 1 (dpl) and 2
(dp2) respectively showing a clear division (separation) of the specimen and a beginning
of division (separation) of the same specimen; the median surface is continuous on either
side of the “division plane” (blue arrows). (C) Longitudinal view of one half of the sample
(B) showing half of the median surface (blue arrow) continuously along the specimen.
(D) Tomographic view of sample (B) showing clear separation (red arrow) of blue
“body”, and incomplete separation of others (white arrow). (E)-(G) K, Ca, and Fe distri-
bution maps showing a distinction between the specimen and the sediment, and show the
complete separation of the right “new specimen” (red arrow) and incomplete separation
of the others (white arrow); the Fe and Ca distribution maps in the right-detached “new
specimen” clearly show its tripartite structure with two hemispheres and “median disc”.

sediments and on contact with other specimens (Figure 1(D), 2-8)). Two or
more contiguous “independent” specimens are generally deformed at their con-
tact surfaces (Figure 1 (D8), 8)) [7] [8]. An alignment of six specimens in chain,
in the sedimentary plate PO1, presents six joined and deformed specimens and a
well-developed, undeformed specimen located in the middle of the chain
(Figure 8(I)). The deformed specimens located on either side of the
well-developed specimen have varying degrees of deformation. The deforma-
tions between specimens are essentially deformations by crushing due to lateral
mutual compression between them; which is sometimes very accentuated and
lead to significant volume reduction, matter spreading, flexion, micro-folding

and sometimes rotation of hemispheres and median disc (Figure 8). Some spe-
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cimens show deformations by more or less pronounced flattening of the upper
hemisphere without deformation of the lower hemisphere (Figure 5(A), Figure
5(B), Figure 5(E), Figure 5(F)). Flattened shapes, due to vertical compression,
are sometimes observed on some specimens (Figure 10(F)) [7] [8].

The internal medial surfaces are located in the median zone, and laterally sep-
arate the two hemispheres from the median disc. Spheroidal forms generally
have bi-concave surfaces on the median disc, or biconvex on the internal surfac-
es of the hemispheres (Figure 1 (D0), Figure 3(B) & Figure 3(C)), and usually
horizontal between the two hemispheres in elongated form (Figure 4(C), Figure
4(G), Figure 4(J), Figure 4(M)), Figure 5(A), Figure 5(B), Figures 5(D)-(F),
Figure 5(]), Figure 5(K)), Figure 6) [7] [8].

The external furrows of “constriction” and the internal vertical division planes
generally separate two contiguous “pieces” of the same elongated specimen con-
taining several “pieces”. These two structures are always associated and form a
partition between two contiguous “pieces” in a bud elongate specimens (Figure
4), the external furrows are very little marked, and are joined to the internal ver-
tical division planes (Figure 4(C), Figures 4(E)-(G), Figure 4(]), Figure 4(M)).
In elongated double and triple specimens, the external furrows and the “division
planes” are more or less well developed depending on the degree of separation of
the new specimens (Figure 5, Figure 6). The external furrow (which would cor-
respond to a constriction) is growing deeper and the increasingly net separation
between new specimens when passing from elongated shapes into a single
“piece” to the double and triple specimens (Figure 5, Figure 6). The junction of
the median discs of two new specimens in these double and triple specimens
form an internal polygonal structure whose “division plane” is the symmetry
plane (Figure 5(B), Figures 5(J)-(L)), Figure 6 (b, b, b,, d, £, g)), (Movie 3).
The triple elongated specimen (Figure 6) illustrate perfectly the different degrees
of separation of the new specimens, with one side, an incomplete separation of
the specimen and on the other, a distinct separation with formation of an ovoid
new specimen with two hemispheres and a median disc. The case of Akouemma
hemisphaeria OKO 3 in single “piece” is particular with two polygonal structures
and two internal division planes which develop simultaneously (Figure 7(A),
Figure 7(B)).

4. Discussion

Akouemma hemisphaeria specimens have been described as macrofossils ac-

cording to the following criteria:

- Homogeneous form and size that consist of two hemispheres with their cen-
tral nipple-like feature of the upper hemisphere and corresponding central
depression of the lower hemisphere. The central nipple-like feature and the
corresponding central depression likely correspond to a “communication
point” between the two hemispheres which are separated by the median disc

with its central orifice;

DOI: 10.4236/ijg.2017.89067

1183 International Journal of Geosciences


https://doi.org/10.4236/ijg.2017.89067

A. Edou-Minko et al.

Figure 7. (A) Vertical section view of elongated Akouemma hemisphaeria OKO 3 in sin-
gle “piece”, showing in its central part two division planes (white box). (B) Detail of the
central zone showing two polygonal structures with two division planes (white arrows).
The two notches in the yellow circle indicate that the two hemispheres were initially
joined by the median surface, as in Figure 4(B), Figure 4(C), Figure 4(G), Figure 4(]),
Figure 4(M)).

- Centrifugal internal fabric radiates from the cones of each hemisphere in
spheroidal specimens and a polyphase internal fabric with an internal poly-
gonal structure in elongated forms, highlighted by Al-K-(Ti)-rich clay min-
erals in close association with carbon particles and by Ca calcite and Fe
oxides-sulphides;

- Uniformly distribution of silica (micro-quartz) in all specimens (distorted or
not) that have fossilized microorganisms, and initial states including defor-
mations, degradations and internal degrees of dispersion and spreading of

particles and fragments in the specimens;
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- Mutual flexible deformations which strongly affect specimens, including
radial internal fabric, with spreading of matter and deformation of sediments
around and between specimens in bedding planes, suggesting growth in soft
sediments;

- Elongated specimens that show signs of division marked by the presence of
external furrows (constriction zone) that become increasingly deep with the
progression from elongated shapes in single pieces to segmented elongated
forms, with individualization of new spheroidal bodies [7] [8].

So, the morphological, structural and geochemical criteria of the macrofossils
Akouemma hemisphaeria show that their fossilization was made on different life
cycle stages.

These different forms of Akouemma hemisphaeria show a variety of situations:
spheroidal specimens, elongated specimens with bud, elongated specimens in a
lateral direction with several “pieces” without deformation, deformed conti-
guous specimens as well as deformations of surrounding sediments.

These situations highlight three processes: 1) a progressive growth process, 2)
a fission process leading to the formation of new spheroidal specimens, and
3) a lateral mutual compression process causing deformations of contiguous in-
dependent specimens.

These processes demonstrate some ductility of these organisms in unconso-
lidated soft sediments. The deformations of the specimens coming mainly from
lateral compressions of the latter would be linked to their growth. This growth
results by a lateral budding of specimens that may lead to the formation of elon-
gated multi-pieces specimens (Figure 4) and probably to the formation of small
specimens following an early detachment of the bud; or by the formation of
“double and triple” specimens by homogeneous lateral elongation and division
with individualization of new spheroidal specimens of almost identical size
(Figure 5, Figure 6). The internal polygonal structures of the elongated shapes
would result from the materialization of the median discs of the two contiguous
new specimens.

Although the constitution, size and living environment very different, the ex-
ternal morphology presenting undeformed isolated specimens, coupled by two,
by three, in chain and deformed by lateral mutual compression observed in-
Akouemma hemisphaeria contained in undeformed tabular beds (Figure 8,
Figure 9(A), Figure 10 (e,-e;)), (Movie 4), [7] [8], is similar to the external
morphology observed in the current apothecia of crustacean lichens of Chile
fixed on a non-deformed support (Figure 9(B)). These apothecia of crustacean
lichens, which are far from being Akouemma hemispharia modern analogues
and showing no fission sign, clearly show the apothecia undergo deformations
by mutual lateral compression linked to their growth (Figure 9(B)). This con-
firms that the mutual deformations by lateral compression observed in
Akouemma hemisphaeria occurred on the fixed or sessile organisms at

soft-plastic body comparable to that of these apothecia.
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Figure 8. Different external and internal aspects of ovoid specimens in growth phase and compression in an undeformed tabular
sedimentary plate containing undeformed isolated specimens, and deformed specimens in a chain. (A) Transparent tomographic
view of the same plate showing the chain of six joined and deformed specimens (1 - 6), undistorted isolated specimen (7), with a
cutting line (ab) on the chain. (B)-(H) Tomographic view of the lateral sections (top down) of the six specimens in chain and spe-
cimen 10; note the lateral spreading of matter within specimen 2 (yellow arrows); the specimen 10, adjoined to the deformed spe-
cimens in chain, does not present any deformation and highlights the median disc when moving from the upper hemisphere (B)
to the lower hemisphere (H). (I) Tomographic view of the vertical section (ab) showing the more-or-less intense deformations of
the specimens; note the significant reduction in volume of the lower hemisphere of specimen 2 (yellow arrow), the fan-shaped
spreading upward of its upper hemisphere, and the fan-shaped spreading downward of lower hemisphere of specimen 4; much of
the lateral constraint would come from specimen 3 (red arrows), well developed and showing no deformation. (J)-(L) Three other
contiguous and deformed specimens. (J) Together, the three specimens present deformed contact surfaces. (K) Vertical section of
two specimens with a highly deformed contact surface. (L) The same sample, the potassium distribution map highlights the de-
formations of the internal structure of specimens. Note the encrusted "oblong-shaped bodies" bordering the specimens (white
arrows).

Photo R. Maire

Figure 9. (A) Transparent tomographic view of an un-deformed sedimentary plate con-
taining paleoproterozoic macro-fossils Akouemma hemisphaeria, isolated un-deformed
(red arrows), in pairs, by three and deformed in contiguous specimens in chain. (B) Ma-
croscopic view of the current apothecia crustacean lichens of Patagonia fixed on unde-
formed support, isolated undeformed (red arrow), in pairs, by three deformed in conti-
guous specimens in chain.
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Figure 10. Life cycle: (1) growth, budding, fission; and (2) accumulation, growth and
compressive deformation of Akouemma hemisphaeria. (a)-(b): growth by lateral elonga-
tion, then division with probable formation of two or three almost identical “bodies” (d,).
(c): growth by lateral “budding” with successive formation of “body” with sometimes
probable detachment of the bud (d,). (d): (d,): duplication after “homogeneous elonga-
tion”; (d,): duplication after budding, and bud detachment. (e): growth and lateral mutual
compression, (e;-e;). (f): vertical flattening probably by burial compaction.

The growth process by budding, recalls that of unicellular organisms like yeast
[17] [18] or that of basic metazoan organisms like Cnidarian polyps, Jelly fish
[19], Scyphozoa [20] and Hydra [21]. Similarly, the fission process recalls the cell
division of microorganisms such as algae [22], protozoa [23] and Archean mi-
cro-organism [24], or the duplication of primitive metazoans as enigmatic ma-
crofossils of late Ediacaran [25], Echinoderm Holothuria (sea cucumbers) [26]
[27] [28] [29] and anemones [30] [31]. The time-scale of Akouemma hemis-
phaeria life cycle remains indeterminate; it could be comparable to the current
primary metazoans although the latters have a sexual reproduction in their life
cycle. These include anemones that may have sexual and asexual reproductions
[32] [33] [34] or exclusively asexual reproduction [35] [36]. They can create a
colony of several dozens of anemones in a few years from a single individual af-

ter following a succession of duplications [35].

5. Conclusions

Based on the observations of the colony of sessile macrofossils Akouemma he-
misphaeria in the sedimentary formations of Okondja Basin at 2.2 Ga, we con-
clude that:

1) The life cycle development of Akouemma hemisphaeria can be summarized

as follows (Figure 10):
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a) Growth by lateral homogeneous elongation or by lateral budding with for-
mation of double or triple specimens and which divides into two or three almost
identical specimens. This process seems to be the most common (Figure 10 (a-b,
d-dy)).

b) Growth by lateral “budding” with successive formation of “pieces” which
remain generally attached to each other; or by budding followed by a probable
detachment of the bud to form a new son specimen generally smaller (Figure 10
(c, d-dy)).

¢) Growth and lateral compression, this mechanism is the consequence of the
proliferation of contiguous specimens. A high density of joined “new specimens”
prevents their optimal growth, causing deformations by lateral mutual compres-
sion between specimens, and deformation of the surrounding sediment (Figure
10 (e;-e;)); in other words, the deformations by lateral mutual compression ob-
served in Akouemma hemisphaeria are due to their growth.

2) Akouemma hemisphaeria had vegetative growth and asexual reproduction
by budding or lateral elongation and fission, reveal the oldest duplication of ma-
cro-organisms and consist a milestone of the fossil record as they show a signif-
icant life cycle in the Paleoproterozoic age.

The Francevillian Group in Gabon, containing the earliest macrofossils, is the

key to solve the Paleoproterozoic biosphere.
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Appendix

Link of the four movies to the website address:
Movie 1:

https://sites.google.com/site/tomopikosato/supplement/Film 1. Akouemma

ovoid form.mp4?attredirects=0&d=1
Movie 2:
https://sites.google.com/site/tomopikosato/supplement/Film 2. Akouemma SV3

ovoid form-2.mp4?attredirects=0&d=1

Movie 3:

https://sites.google.com/site/tomopikosato/supplement/Film 3.
Akou %2816%29-division zone.m4v?attredirects=0&d=1

Movie 4:
https://sites.google.com/site/tomopikosato/supplement/Film%204.Transversal_S
lices%20Plate%2001.mp4?attredirects=0&d=1
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