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Abstract 

U t.ility of a.n image processing device combined with the high resolution CCD camera 
is explored for paleo-geochronogica.l investigation of fossil growth patterns. Bivalve 
fragment (Miocene, Japan), spiriferid brachiopod (Permian, Australia) and stroma­
tolit.e (Precambrian, Ma.urit.ania.) a.re a.na.lyzed. Enla.rgement of high contrast ima.ges 
tums out. t.o be very useful to reveal hitherto unseen features preserved in these fossil 
growth patterns~ 

Key Words: Paleo-geochronology; fossil growth pattern; stromatolite; image ana­
lyzing system. 

1 Introduction 

Stromatolite is believed to be a. layered structure 
formed by blue-green a.lga.e which grew in the Pre­
cambrian shallow sea producing oxygen molecules 
in the earth atmosphere for the first. time. As­
tronomers went. to Mauritania. for solar eclipse 
expedition ( 1973) were a.mazed to find Precam­
brian stromatolite fossils in their observing sta.­
tions. Two specimens were given to one of the 
present. authors from two friend astronomers (Drs. 
Z. Mouradian and E. Hiei) to whom we are very 
grateful. Recent.ly we have installed a personal im­
age analyzing system (PIAS). Preliminary image 
processing of the stromatolites with PIAS suggests 
better resolution of growth layers of the sample 
than by naked eyes. This positive preliminary re­
sult encouraged us to study the layered structures 
of fossil organisms with PIAS. 

Many organisms form hard skeletons. Physi­
ological processes responsible for skeleton forma-

t.ion often vary with the fluctuation of environmen­
tal factors. In this way environmental factors are 
reflected within the skeletal parts as growth pat­
terns. Most familiar example ma.y be tree rings 
rec9rding annual environmental fluctuations. It 
has been claimed that a.nnua.l, monthly, daily as 
wel.l as semi-diurnal rhythms are recorded in the 
growth layers of orga.nic skeletons. 

If we can measure these rhythms in growth pat­
terns of fossil skeletal parts, we can get estimates 
on such as number of days per year or that per 
month, which are important parameters in recon­
structing the history of our earth-moon system. 

Weathering a.nd other chemical as well as physi­
cal decomposition often make original growth pat­
terns of fossils obscure. Thus it is necessary to 
develop a method to make faded growth patterns 
visible once again. Computer based digital image 
processing seems to be the most suitable method 
for this purpose. 

Our aim in the present paper is to test the ef-
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Figure I. SEM photo-microgra.ph of a Miocene fossil bivalve shell fra.grnent. 

1:1. original photo-micrograph image (scale = 10 micron) 

lb. negiltivc image of Fig. lil (scale= !Omicron) 

lc. contrast enhanced image of Fig. la. The image is condensed vertically so that. the vertical 
length becomes 20alterna.ting thicker and thinner growth lines marked with arrows. The order 
of rtrra.ngement of thicker and thinner growth lines inverts from left to right, so that in arbitrary 
numbering the lines with even munhers are thicker near the left corner, whereas lines with odd 
numbers are thicker near the right corner. 

ld. SEM photo-micrograph of a Recent intertidal bivalve Cera.stoderma edule (Linne). (scale= 100 
micron). Note the similarity in alternation a.nd inversion of arrangement of growth line thickness 
between this figure and Fig. Jc. 
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fectiveness of the digital ima.ge processing in re­
visualizing fossil growth pa.t.t.erns. For this pm­
pose we used PIAS (personal image analyzing sys­

tem) insta.lled recent.ly in our laboratory. Tt. has 
CCD camera to get da.t.a. input. into the system. 
CCD has a. resolution of 256 x 256 points. CCD­
ima.ge is then processed digitally. 

Three fossil samples from different. geological 
age aud of varying preservation condition a.re used 
for the a.na.lysis: 

1. Fossil bivalve fragment, Miocene (ca.. 1S:rv1a.), 

Mizuna.mi, Japa.n 

2. Fossil spiriferid brachiopod, Permian 
(ca .. 2.SOMa.), Gerowa, Australia. 

3. Stromatolite structure, Precambrian, 

(> 6SOMa), At.ar, Mauritania.. 

2 Results: 

2.1 Shell frag1nent fron1 Miocene 

In the Recent. intertidal zones, growth of shell is 
interrupted at ea.ch low tide when bivalves are ex­

posed t.o air a.nd this is recorded as thin growth 

line in the shell. Thus formed growth lines are 
arranged into patterns which occur exclusively t.o 
the intertidal zone. One of t.hem is a.lt.emat.ing 

thicker and thinner growth lines (Fig. ld). This 

is due to the difference of air or su bst.ratum tem­
perature during da.yt.ime and night time tidal ex­
posures: thicker lines are formed during day time 
exposure and thinner ol1es during night. time expo­
sure (Ohno, 1989). Because low tide occurs about 
50 minutes later than on each preceding day, the 
"daytime" low tide will change into the "night­
time" low tide after a. fortnight. Consequently the 
order of appearance of thicker a.nd thinner lines in-

. verts after every fortnight (28.54 semidiurna.l tidal 
cycles). 

A photo-micrograph of a recent bivalve shell 

taken by scanning electron microscope (SEM) 

shows the alternating growth line thickness clearly 
(Fig. 1d). Another SEM photo-micrograph is pre­
pared from a. Miocene bivalve (Fig. 1a). The sam­
ple comes from the Miocene Mizuna.mi Group of 

Gifu Prefecture, J apa.n. It is known tha.t wide in­

tertidal zone sprea.decl in the area about 15 Ma. 

ago. The fossil's micrograph seems to indicate al­
ternating growth line thickness. Weathering of the 
sample, however, obscured the pattern. 

To confirm whether alternating growth line 
thickness really exists or not, the photo­
micrograph of the fossil bivalve shell (Fig. la.) 

is processed with PIAS and compared with that 
of t.he recent. one (Fig. 1d). Both micrograph 
is taken from polished a.nd HCI-etchecl surface of 
the section vertical to the bivalve shell surface. 
In the recent material, growth lines a.re more re­
sistant. t.ha.n t.he remainder of the shell material 
so t.ha.t. growth line appear a.s thin white ridges 

on t.he micrograph (Fig. 1d). The fossil material 

is weathered and growth lines on the photo- mi­

crograph a.ppear as thin black grooves (Fig. 1 a). 
To make t.he comparison easier, a negative im­
age of the photo-micrograph of the fossil mate­
rial is produced (Fig. lb). Then its contra.'it is 
enha.nced. Fina.lly the image is condensed in a. di­
rection roughly parallel to the growth lines (Fig 
lc). The resulting, condensed image of the fos­
sil material (Fig. 1c) clearly shows the growth 
lines of alt.ernating thickness as well as inversion 
of the order of the arrangement of the thicker and 
thinner growt.h lines. Thus in analogy with t.he 
recent. tida.lly formed growth lines, it. is concluded 

t.ha.t. the examined fossil materia.! lived in the in­
tert.icla.l zone and formed one growth line at each 
semi-diurnal tidal exposure. 

2.2 Per1nian brachiopod specin1en 

The urnbonal area. of the ventral valve of a spir­

iferid brachiopod is processed by PIAS. On the 
cut surface of thickened calcite shell there are 
sev~ra.l visible growth lines on the origina.l (non­

processed) CCD ima.ge (Fig. 2a.). Aft.er enhancing 
the contrast, growth lines become more clear (Fig. 
2b). 

On low magnification ima.ge, zones of densely 

arranged growth lines alternate with zones with 
no growth lines (for example, left half of the zone 
marked with white line on Fig 2b). In the en­

hanced image of higher magnification, however, 
growth lines are also visible within the zones of 
no growth lines (Fig. 2c). If we take these faint 
lines into account., the line spacing becomes more 

regular. Besides Mazullo's ( 1971) brief report 

on supposed daily and annual growth, very lit­

tle is known about brachiopod growth patterns 
and their chronological meaning. The growth line 
spacing of the order of 0.2 to 1 millimeter in the 
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Fig. 2 Permian spiriferid brachiopod. 

2a. original (non-processed) image of the umbonal region (scale = 2mm). 

2b. the same image after contrast enhancing (scale = 2mm). White line on the right bottom corner 
between two white arrows roughly corresponds to the white line on Fig. 2c. Note that the left 
half of the zone marked with white line is almost withollt growth lines. 

2c. part of Fig. 2b (strongly enlargeo): Growth lines are visible also on the left. half of the zone 
marked with white line. 
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present material is too wide to attribute it to daily 
or semi-da.ily growth. Monthly, seasonal or annual 
periodicities may be responsible for the line spa.c­
mg. 

2.3 Strotnatolite satnple 

Figure 3a shows the CCD input image of the 
ground surface of the stromatolite. The size of the 
specimen is roughly 5 x 10 em. Specimen shows 
concentric growth layers of different thickness. Af­
ter the enhancement of contrast (Fig. 3b ), layer­
ing is more clear to be seen. These layers are fairly 
continuous throughout the section. 

Minute growth layers become obvious on the en­
hanced image of the partial enla.rgement of the 
sample (Fig. 3c). They often fuse together. 

The existence of growth layers of two different 
magnitudes tempts us to hypothesize their chrono­
logical relationship such as daily growth layers in 
monthly band, or monthly layers in annual band, 
etc. However, the number of the fine layers within 
a broad layer varies considerably. Thus we give up 
to give any conclusive remarks about their chrono­
logical relationship. For the present, we should be 
contented with the fa.ct. that we successfully ap­
plied the digital image processing method in vi­
sualizing fine growth layers in this Precambrian 
material, which is otherwise not ea.sily to observe. 

3 Discussion 

Our image processing system used in the present 
study is a simple one. We may conclude that the 
a.pplica.tion of this simple system improves growth 
pattern recognition of the examined fossilmateria.l 
significantly. We recommend to use image pro­
cessing system in estimating fossil growth pattern 
from now 011. 

To attribute any growth structure to certain 
rhythm is another and rather difficult problem. 
For example, stromatolites have long been a.t.t.rad­
ing paleontologists' and geophysicists' interest as 
a possible candidate to provide us with the infor­
mation on the number of the day per yea.r in the 
early times of the earth's history. Stromatolite is 
a structure formed by the sediment trapping blue­
green alga.e. Among the recent stromatolites, sev­
eral growth layer formation rhythm are ·reported 

which coincide with periods of geophysical inter­
est: 

solar daily (Jones, 1981; Monty, 1967, 1973); 
tidal (Davies, 1970; Park, 1973); 
weekly (Monty, 1967); 
fortnightly (Monty, 1967); 
seasonal (Monty, 1967, 1973); 
annual (Da.vies, 1970). 
These data are obt.a.ined by observing stromato­

lite growth at the place where they grow. There is, 
however, almost no reliable criterion to recognize 
between structures formed with different periodic­
ities, when we only observe dead specimens. This 
is because, for example, daily layer and annual 
layer from different. ha.bita.ts may have the same 
order of thickness and appea.rance. There are also 
non-rhythmic la.mmella formation known among 
recent stromatolites (Jones, 1981). 

Yet, there are several promising reports a.bout 
the utility of the Precambrian stromatolites as ef­
fective tool for paleo-geochronology. Vanyo and 
Awramik ( 1982), for example, described 850 Ma 
old sinusoidally meandering columnar stromato­
lites (wave length about 7. 7 to 9.6 em) from Aus­
tralia. They supposed that. sinusoidal meandering 
is the proof of the phototropism of th~ blue-green 
algae grown nea.r equator. Near equatorial region, 
the sun shines from north during the summer and 
from the south during the winter. Blue-green al­
gae followed the orbit of the sun in the sky to uti­
lize the energy of the sun light most effectively for 
their photosynthesis activity. The resulting stro­
matolite structure has a sim1soidal form. A one 
full_ cycle of sinusoid represents one year. 

Based on this assumption they counted the 
nUI~Jber of micro- lamella. per wave length. Their 
count of 410 agrees fairly well with the predicted 
number of the days per year extrapolated from the 
rate of slowing of the earth's rotation velocity. 

Although there is a large amount of stromatolite 
material in the regions where Precambrian sedi­
menta.ry rocks are exposed, their growth patterns 
are not yet fully analyzed. This is, for a consider­
able part., because their original growth structures 
have been obscured by weathering and metamor­
phism. 

Image Processing of fossil materials ma.de in 
the present paper demonstrates t.ha.t the method 
is effective in re-visualizing the obscured fossil 
growth patterns. In the future, application of 
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Fig. 3 Precamhria11 stromatolite. 

3a. original (non-processed) image (scale= 5mm) 

3b. contrast. enhanced image of t.he Fig .. 1a(scalc 
= 5mm) 

3c. enlargement. of the stromatolite, (marked 
with black circle and small white arrows) orig­
inal image (scale = 0.5mm) 



the ima.ge processing m a.nalyzing fossil growth 

patterns will surely yield meaningful information 
on the number of da.ys per yea.r a.ncl ot.her pa.leo­

geochronological parameters. 

References 

(1) Awramik, S.M. and Vanyo, J.P. (1986): He­

liotropism in modern st.roma.t.olit.es. Sc£ence., 

231: 1279-]281. 

[2) Davies, G. ll. ( 1970): Algal laminated sed­
iments, Gladstone embayment, Shark Ba.y, 
\Vest.ern Australia .. Mem. Am. Ass. Petrol. 

Ceo!., 13: 169-20.5. 

[:3) Gebelein, C. D. ( 1969): Distribution, mor­
phology, and accretion rate of Recent. subti­
dal a.lga.l stromatolites, Bermuda. J. Sedim. 

Petrol., 39: 'l9-G9. 

['I) .Jones , C. B. (1981) Periodicities in st.ro­
matoli te la.mina.tion from the early Protero­

zoic Hearne Formation, Great. Slave Lake, 
Canada.. Paleontology, 24: 231-250. 

[5) Ma.zzullo, S. J. (1971): Length of the year 
during the Silurian and Devonian Periods: 
new value. Ceo/. Soc. A mer. Bull., 82: ] 085-

86. 

[6] Monty, C. L. V. (1967): Distribution and 
structure of Rece1_1t stromatolitic a.lgal mats, 

eastern Andros Isla.nd, Bahamas. Annis. Soc. 

geol. Belg., 90: 33-102. 

- ( 1973): Precambrian background and 
Phanerozoic history of st.roma.tolit.ic commu­
nities, an overvew. ibid. 96: 585-624. 

(7) Ohno, T. (1989): Paleotidal characteristics 
determined by micro-growt.h pa.tterns in Bi­
valves. Palaeontology, 32: 237-263 

[8] Vanyo, J. P. and Awra.mik, S. M. (1982): 
Length of da.y a.nd obliquity of the ecliptic 850 

Ma ago: preliminary results of a. stromatolite 
growth model. Geophysical Research Letters, 

9: 1125-1128. 

-65-


