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A b s t r a c t : R e c e n t a n d fossil m o l l u s c a n shells h a v e b e e n a n a l y s e d u s i n g 
the c o m p a r a t i v e d e r i v a t o g r a p h i c m e t h o d . I t h a s b e c o m e m a n i f e s t t h a t a r e c o r d 
t a k e n w i t h a n a p p r o p r i a t e p r o g r a m m e a n d s e n s i t i v i t y can r e p r o d u c i b l y reflect 
the shell p r o p e r t i e s c a r r y i n g t a x o n o m i e specificity. D u e to the h e t e r o g e n e i t y 
of the organic a n d i n o r g a n i c c o m p o n e n t s of the shell s t r u c t u r e s , t h e t h e r m o -
a n a l y t i c a l par t-processes arc difficult to i n t e r p r e t s e p a r a t e l y , h o w e v e r , t a k e n 
all together , t h e y can yield a character i s t ic . , f ingerpr int" . T h e a n a l y s i s of 
„ d e r i v a t o g r a p h i c f i n g e r p r i n t s " is e f fectuated b y t h e c o m p a r i s o n of D T G a n d 
T G r e l a t i o n s in a c o - o r d i n a t e s y s t e m . S u c h a n a n a l y s i s of m o l l u s c a n shells m a y 
yield possibi l i t ies for the e v o l u t i o n a l p h y l o g e n e t i c e v a l u a t i o n of recent species, 
of t h e d e t e r m i n a t i o n of the f r a g m e n t a r y m a t e r i a l of fossil species. 

P e 3 K) M e: ABiop cpaBHHTe.nb.HbiM AepHBaTorpat^H^ecKHM MCTOÄOM aHaJiH3HpoBaji 
coBpeMeHHbie H HCKonaeMbie Mo//uscfl-paKOBHHbi. Crajio HCHBIM, qro npnroTOBJíeH-
HblH COOTBeTCTBy}OmeH npoipaMMOH H qyBCTBHTejIMIOCTblO CHHMOK BOCnpOH3BOHHMO 
orpat foer CBOHCTB3, oóoaHa'iaioiiiHe cncreMHyio cneuH(J)HHHOCTb paKOBHH. M3 reTepo-
reHHocTH opraHHnecKHX H HeopraHHHecKHx KOMi'ioneHTOB, o6pa3yiouiHx CTpyKTypy 
paKOBHH, cjie^yeT, m o TcpMoaHa.nHTHqecKHe qacTHbie npoHeccbi MoryT Tpyjmo o6í>-
říCHHTbCH OTjiejibHO, HO OHH B coBOKynHOCTH .naiOT xapaKTepHbiH oTneqaTOK ($HHrep 
npHHT). AHajiH3v KiiepHBaTorpa^HqecKoro omenaTKa Í^HHrepnpHHTa)» cjiy>KHT 
cpaBHeHHe U T r - , T ľ OTHOLUCHHH B cncTeMe KoopjiHHaT. TaKHM aHajiH30M Mollusca 
paKOBHH, MO>KCT ÔHTb, JlaeTCH B03MO>KHOCTb HJIÍI SBOJHOHHOHHO-cflHJIOreHeTHHeCKOH 
OHeHKH COBpCMeHHblX BHJOB HJIH .O.JIH onpCHejieHHH o6jIOMKOB HCKOnaeMblX BHAOB. 

/. Presentation of the problem 

T h e soft parts of Peleeypods and Gastropods (apart from a few specific groups) are 

covered by a bard shell m a d e up of inorganic and organic substances. Out. of this orga­

nic and inorganic complex iď substances lei us select one protein component of lbe 

shell: conchioline. 

The rapid development of molecular-biological, comparat ive biochemical research in 

lbe last, decades has led In the final elucidation of ibis biochemical product. J . R n c k e 

el. al. (1951). S. T a n a k a and II. l i a l a n o (1953), S. T a n a k a et al. (I960), C. 

G r e g o i r e et al. (1955), A. B e e d h a m (1958), K. A. P i e z (1961). P. E. H a r e 

(1962. 196;!. 1965), P. Ľ. II a v e and P. H. A b e l s o n (1964. 1965. 1967). P. E. 

H a r e and R. M. M i t t. e r o r (1966). E. T. D e g c n s and S. L o v e (1965), E. 

T. D e g e n s and H. H. P a r k e r (1965) havo cleared up on a varied range of samples 

the structure of conchioline incorporated in the solid material of the shell. T h e method 

applied by these workers is hased on the qualitat ive and quant i ta t ive comparison of 

amino acids, constituents of protein molecules. The method, the so-called amino acid 

spectrum analysis has supplied information about substances, different from the so 
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far known shell proteins, and carrying specificity within the taxonomie unit. This 
indication of taxonomie specifity lias also been proved by other procedures. Thus. 
for example, the conchiolinc isolates investigated through X-ray diffraction analysis 
by K. M. \ \ i l b u r an N. W a I a b 1 e (1963) showed part icular properties characte­
ristic of species. C. G r e g o i r e (.1957. 1958. 1959. I960) in electron microscopic studies 
on deealeified conchiolinc. revealed its submicroscopic tissuc-struture, and refferod 
to the latter as giving characteristic pat terns for each part icular taxonomie unit. 

Parallel with these were performed general physiological investigations of niolluscan 
shells. K. F. S o g n n a e s (I960. 1964) in comprehensive studies describes the calci­
fication processes of biological systems, i. e. shell formation and regeneration. 

Thus , a sequence of assumptions lias been drawn up concerning the shell: shell 
protein is a genetically p rogrammed unit, as a template, which its free acid and basic 
groups provides the bonding positions for inorganic anions and cations, thus creating 
the mumerab le varieties of shell-building structures, determining the visible morpho­
logy of the whole shell. Aery naturally, in our days n u n c and more efforts are being 
m a d e to approach evolutional systematic problems, to make decisions on particular 
developmental relations not by way of morphological analysis, but through primary 
investigations on conchiolinc. E. T. D e g e n s and H. S c h m i d t (1966). 1*1 T. De-
g e n s , D. W. S p e n c e r and R. H. P a r k e r (1967). M. T. G h i s e l i n et al. 
(1967) have succeeded in m a n y cases to clear up or even to revise sequences of evo­
lution by the latest .method of shell amino acid spectrum analysis by computerized 
factorial analysis. 

Pike any kind of neo-syslemalic knowledge on evolution which is rooted in. and 
derived from paleosystematics. studies of molecular evolution can also be essentially 
supported b y paleobioehemical data. Parallel with the previous ideas was raised the 
clain to extend investigations to fossile sample material . Pioneering paleobioehemical 
investigations on conchiolinc are linked with the name of P. 11. A b e l s o n (1964a. b. 
1955, 1956. 1957a. b. .1959. 1962), who was first to prove lhal the decomposition 
products of proteins, oligopeptides, peptides, ammo acids can lie traced in non-rccrystal-
lized. non-dissolved fossil shells, not. having undergone thermal or bacterial decom­
position. The above-listed workers, nearly all of them, parallel with recent samples 
have assessed the possibilities on fossil samples as well. Ponder ing the complex cha­
racter of the methods applied by them, the lalioriousness of the part icular tests, there 
arose the necessity of selecting and elaborating a procedure capable of giving possibility 
to simplify the process of determinat ion. 

As is known, the thermoanalyt ical examinat ion of a heterogenous system consisting 
of organic and inorganic components can give a realistic view of the physical and 
chemical properties of the system. A very good example to prove this claim was given 
by M. B e r é n y i s work (1967). in which the derivatographie analysis of ur inary 
calculuses as heterogeneous biogenic systems was elaborated. W hen studying the results 
obtained by F. P a u l i k and L. E r d e y (1958, 1960. 1968) with home instrumen­
tation, on the basis of the derivatographie method through unit ing the methods of 
thermogravimetry (TG). der ivato- thermogravimetry (DTG). differential thermoanalysis 
(DTA'i and thermodi la tometry (DT), the author was led to the basic assumption that 
a der ivatogram of the molluscan shell taken with an appropr ia te p rogramme and 
sensitivity, will display, in the aggregate, characteristic DTA, DTG. TG. and TD 
relations, due to the complex, specific-heterogeneous character of the shell even if the 
part-processes are should not be separated. 
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II. Elaboration of the method, investigation of recent and fossil molluscan species 

If. 1. Selection of sample material 

The sample material was selected from the p h y l u m Mollusca, class Lamellibranchiata, 
although a few analyses have been carried out on recent gastropod shells, loo. This 
decision is supported by the following reasons: 

a) lower number of species among pelecypods 
b) greater mass, so belter preservat ion of shell material 
c) simpler structural properties 

and the fact that the microscopic structural analyses of the shells have been summed 
up by several authors (O. B. B 0 g g i 1 d 1930: J . J . O b e r 1 i n g 1 9 6 í ; 1. D. T a y 1 o r 
ot al., I960). During the investigations 26 recent and 34 fossil species were studied, the 
number of investigations was raised to 250 b y repetition and by parallels from average 
samples. 

Corresponding to the reconnaissance character and phylogenetic aims of the investi­
gations, species of various toxonomic positions, from various ages and localities were 
selected. Denominat ion of the species under study, age- and derivational data are given 
in the figure captions. 

II. 2. Description of the method 

When examining fossile samples, nothing bu t well-preserved, non-recrystallizcd ones, 
not permeated by ferric or silica solutions were analysed. To reach this aim 
and to detect the structural constitution, the transversal cross section of t he shells was 
microscopically examined, t he mineralogical composition was analysed by IR spectro­
scopy (G y. S z o ô r 1969). The organic-chemical s t ructure was analysed b y aminoacid 
spectra (G y. S z o or 1967), the regularities of trace element content b y quar tz spectro-
graphy (G y. S z o ô r 1971a). 

Preparat ion of the shells for der ivatography was performed with a view to spectro­
g r a p h s puri ty. Sediments at tached to the shell and the periostracal layer were 
removed by soaking in 6n NaOII , and washing wi th 2n HC1, then rinsing with excess 
amount of distilled water. Removal of the periostracal layer is highly essential. Infor­
mational derivalograms indicated that the periostracal layer left on t he shells makes 
the congruent dcrivatographic images of more t h a n one individual of one species 
fairly uncertain. The thickness and chemical state of the periostracal layer is different 
lor the individuals of a living species. It depends on individual age and the mechanical , 
physico-chemical effect of the biotope. In the case of a recent shell, starting on the 
way of fossilization, the influence of the envi ronment is amplified by an absolutely 
(incalculable variety of effects and, it is only chance that determines the state of the 
periostracal layer of an individual cast ashore and included in the sample material 
of the museum. This fact and the circumstance that it was only t he rarest case that 
a periostracal layer was found on fossils from older series — recent species only served 
as reference material — m a y well account for the complete removal of the layer. 
Washing with distilled water was followed by drying in air current at 60 °C and then 
in an exsiccator. The material was ground to a grain size range below 0,06 m m in 
diameter in an agate mill (Type Fritsch, temperature rise was l ° /hour ) . For each 
derivatogram the whole shell material was worked up. and an averaged sample was 
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Fig. 2. Derivatograms of individuals of Čár­
dami edule (L.) from five different places, 
a — \ ania, b — Galata. c — Burgas, d — 

Rijeka, e — Dubrovník. 
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Fig. f. The DTA-curve galvanometer de­
flection' changes at various sensitivities. 
Doited line = AUO3 in the sample holder, 
Continuous line = shell of Tridacna rlongata 

(L."i in the sample holder. 

used. Try ing a n u m b e r of possible programmes and sensitivit) ' relations, the derivato­
grams oľ lbe samples were taken with the following' p r o g r a m m e : 

Weighing: Tho measured weight of the samples varied between 1.5—2.0 g. and 
in tlii! majori ty of cases was about a m e a n value oľ 1.85 g. T h e measured weight of 
inert AI2O3 was 1.85 g. (The basic courve of the instrument was also taken with this 
amount, using AI2O3 in both sample holders.) 

During measurements the volume and compaction of inert AI2O3 were identical with 
those of the material under study. Crucible: p lat inum crucible Xo II . Sensitivities: 
T = 900 °C (measured in sample). T G = 1/2 sensitivity, DTA = I 2 sensitivity. 

Heat ing: in furnace No I. Starl ing voltage: 00 Volts. Spindle diameter : 15 mm, 
large disc. Position of nails: third row. Position of d r u m and beating gearbox: 100. 
Oven a tmosphere : air, under quartz cup. without exhaustion. Heating rate: 10 °C/min. 
Tho T °(I scale was calibrated by a Si( )•> — § Si() 2 conversion. 

All through the investigations special care was taken thai the preparation and dc-
rivnlographic treatment of each sample be identical lo the minutest detail. Thus, iden­
tical were the grain sizes, compaction, the crucible, the oven, lbe application ol the 
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quartz cup, the programme and the sensitivity conditions, temperature of ihe laboratory. 
So. it was discovered that, corresponding' to its high sensitivity, there was a considerable 
head in the D'I'A base curve of the instrument. On the other hand, choosing' 1/2 DTA 
sensitivity, the hidden thermoanalytical processes, too, manifested themselves clearly. 
'1'his phenomenon is demonstrated in Fig. I. Here the changes in the DTA base curve 
of the instrument are compared with the run of the DTA curve of the shell of the 
recent species Tridacna elongata (1) as a function of varying DTA sensitivities. Well 
visible is the base-line deformation due to the asymmetr ic conditions of the oven. 
In the case of the shell, on the other hand, using the generally applied 1/20. 1/15 
and 1/10 DTA sensitivities, it does not appear. At higher sensitivities, however, there is 
at á.")0 °C an endothermic min imum. 

When establishing the method, it had to be pr imari ly cleared up whether or not 
there are differences between the ground shell material of one species taken from 
different localities. Fig. 2 represents derivatograms of individuals of the recent, pelccypod 
species Cardium edule (L) from five different places. Sample a comes from Varna, 
sample h from Galata, c from the district of Burgas on the Bulgarian coast, sample d 
from Rijeka and e from the district of Dubrovník on the Adriatic coast. The samples 
were collected at different times, thus they displayed different ages and fossilization 
histories. This is further supported by the differences in thickness of the perioslracal 
layers and the different sizes of the valves. In spite of all. these the derivatograms of 
shells previously deprived of the perioslracal layer, were approximate ly identical. 
(Similar comparisons were made with individuals of Anodonla cijgnra. I niu pictorum, 
Mytilus edtdis, with near-identical results in each case.) Analysing the derivatograms, 
there was a + ô °C deviation between the. minima and max ima of the DTA. DTG 
curves. 

'). A microscopic picture of perioslracal-, homogeneous calcite-, homogeneous aragonile 
layer of Mi/tilus edulis (L.) in transmitted light, parallel nicols, 25 X. 
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In the following I have proved tha t the units of t he shell-building structure can he 
identified not only by optical ( 0 . B. B e g g i l d 1930; J . J . O b e r 1 i n g 1964; I. 
D. T a y l o r et ah, 1969) or aminoacid spectra (K. A. P i e z 1961; P. E. H a r e 
1963). bu t by tlie der ivatographic procedure, too. In the course of the experiments, 
as sample material t he shells of those genera were used in which the separate layers 
were not entangled and could be separated mechanical ly by splitting (Unio. Anodonta. 
Meleagrina, Mytilus). As an example, the shell of Mytilus edulis (L). is buil t up of 
the periostracal-, a homogeneous calcite- and a homogeneous aragonite layer (Fig. 3). 
These differences due to dissimilar physico-chemical structures are well demonstrated 
by der ivatograms taken of t he whole shell (Fig. 4) and of the separated structural 
units (Figs. 5 and 6). 

After this procedure, when, comparing derivatograms of the ground shell material 
of a n u m b e r of recent melius .an species, the assumption was made that the records 

100 200 300 +00 500 600 700 800 900 

0 100 200 300 hOO 500 600 700 600 900 0 (00 200 500 <t00 500 600 700 800 900 

Fig. 4. Derivatographic fingerprint of whole Fig. •">. Derivatographic fingerprint of sepa-
shell of Mytilus edulis (L.). rated homogeneous calcite layer of Mytilus 

edulis (L.). 
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Fig. 0. Derivatographic fingerprint of the Fig. 7. Derivatographic fingerprint of Glycy-
separated homogeneous aragonite layer. meris pilosus (L.). 

can well represent taxonomie specificity down to species level, or if there is a way 
for the separation and separate analyses of structural units, to subspecies level (G y. 
S / . o o r 1969). 

There is no possibility here to present the derivafograms of all studied recent species, 
however, the statement can be illustrated well b y several examples. Figs. 7, 8, 9 show 
the derivatograms of species belonging to the order of Taxodonta and the family of 
Arcidae. Figs. JO and 11 give the derivatograms of species of the order Anisomyaria 
and family Pectinidae, Fig. 12 that of a species representing the family Ostreidae of 
the same order. Fig. 13 shows the image of a Murex species. All species came from 
the sandy deposit of the Yugoslavian coast and belong to the cenosis of the shelf. Not 
going here into a detailed analysis of thermoanalytical relations, when comparing the 
separate figures, it is obvious that all species have different derivatograms, the thermo­
analytical character of species of identical genera is similar, bu t greatly different from 
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Fig. 8. Derivatographic fingerprint of Area Fig. 9. Derivatographic fingerprint of Area 
none (L.). barbata (L.). 

that of species representing oilier genera. This similarity and difference is more markedly 
manifested surveying higher taxonomie units. Let us compare the records of Ostrea 
and Peel en species, both built up mainly of calcite and displaying similar base structu­
res. This example not only illustrates such diagnostical possibilities of the shells, but 
calls attention to 'the fact that differences may be due not only lo the variety of inorga­
nic structures bul lo the differences of the organic material . 

If. .'!. Evaluation of ihermoanalylical processes 

T h e fhcrmoanalytical reactions faking place in the course of decomposition are very 
complex, the part icular processes are difficult to differentiate. This is primarily due 
to the complex heterogeneous inorganic-organic composition of the shells, and can 
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Fig. 10. Derivatographic fingerprint of Pccten Fig. I I. Derivatographic fingerprint of Pccten 
jacobeus (L.). irradians (Lam. ) . 

lie deduced from llio Following methodological considoraliiis. Healing of the samples 
was carried out in plat inum crucibles at high compaction; in such circumstances 
organic material does not burn so fast, a kind of cracking takes place. 

The samples examined in our experiments were tesled by M. B e r é n y i (1969). 
Healing them in plaltnum crucibles n a different apparatus , he obtained identical 
result Minis proving the reproducibility of the procedure for D'I'A. DTG relations). 
However, using a platelet-type sample-holder, the D'I'A relations got markedly 
simplified and a great number of slighter effects did not manifest. Current 
measurements with corundum crucibles seem to prove that with p la t inum crucibles 
one has to reckon with the catalytic effect of the p la t inum sample holder. It is clear 
from the foregoing that the actual interpretation of changes taking place during 
pyrolys;s ran only be effected in the course of a longer series of experiments, destined 
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Fig. 12. Dcrivatographic fingerprint oí Ostrea Fig. 13. Derivatograpliic fingerprint of Murex 
edulis (T,.). sp. 

to solve this very problem. However, it seems necessary to make public the assumptions 
so far reached. Analysing the derivatograpliic fingerprints of several recent and fossil 
molluscan species, under the given experimental conditions, the following thermo-
analylical processes can lie taken into account (G y. S z ô ô r 1969). 

a) Endothermic reactions involving loss of weight 
1. Loss of adsorptive water in the temperature range of 20 °C—200 °C, which can 

be observed in all the samples under study. 
2. Loss of water hound colloidally on the surface of organic macromolecules. Accord­

ing to M. B e r é n y i (1909) it can be assumed that it is in connection with the 
carboxylalion and deamination of „free" amino acids having decomposition points 
within this range (glutamic acid = 177 °C, nsparlic acid = 212 °C, glycine = 185 °C, 
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etc.) which can bo observed with ihc families Arcidae, Cardiidae, Veneridae and some 
species of Gastropoda. 

3. Loss of water [rapped between the aragonite lamellae (J. D. H u d s o n 1967) 
within wide temperature limits, from 300—500 °C. It can be observed for all aragonite-
containing Lamell ibranchiates. This process in all cases coincides with the endothermic 
minima denoting the irreversible conversion of aragonite -> calcite. 

4. Unknown endothermic changes involving loss of weight in the temperature range 
of 500—G00 °C. It is marked ly apparent within the genus Area. 

b) Exothermic processes involving loss of weight 
1. Slow burn ing process in the temperature range, of 340—375 °C, due to the de­

composition of organic substances. 
2. Exothermic changes in the temperature range of 500—700 °C in some cases abrupt 

in other cases gradual according to the amoun t of organic material (Ostreidac. Pinnidae. 
Mytilidae families). 

3. Hard ly noticeable, bu t reproducible exothermic changes, the cause of which has 
not been cleared up, possibly denoting the burn-out of built-in organic p igment materials 
of the shell. (Noticed with species of Mure.v, Mytilus, Pecten.) 

c) Structural change 

According to G. T. F a u s t (1950). M. S u b b a R a o and S. R. Y o g a n a r a s s i m-
h a u (1.965) -lbe irreversible aragonite •* calcite conversion takes place between 400 °C— 
500 °C, depending on lbe presence of contaminat ing cations. Wi th all the investigated 
molluscan species the aragonite -» calcite conversion look place in this temperature 
range. 

d) F rom 700 °C upwards the CaCO;j content of the shell is decomposing with the 
release of CO2. 

The correlative na ture of these changes, the presence or absence, strength or h idden 
character of the separate processes account for the differences in the derivatograms 
of the particular species. The derivatograms, since the port-processes can only be 
a p p r o x i m a t i v e ^ interpreted, bu t in their allover aspect are reproducible and characte­
ristic of the shell material , m a y be called . .derivatographic fingerprints". 

II. 4. Comparison of DTG — TG data in system of co-ordinates 

An analysis of DTG and TG values, based on the following considerations is suitable 
to verify the s tatement so far m a d e and to allow group comparisons of taxonomie 
character. The thermal decomposition was performed in the 20 °C—900 °C temperature 
range. The most specific signals from this range were received from the 200 °C—700 °C 
interval, since from 20 °C to 200 °C the adsorbed water content (marked by Va) is 
released, which is different for each group according to the envi ronment and antece­
dents. 

Above 700 °C CaC0 3 decomposes into CaO and C0 2 . Wi th in the range of 200 °C 
to 700 °C takes place the decomposition of specific proteins and the specific structural 
elements determined b y the former. The mg data of the TG curve were recalculated 
to weight per cent values and arranged by being assigned to temperature ranges 
determined b y the m i n i m u m values of the DTG curve (G y. S z ô ô r 1969). These 
intervals a r e : ' 2 0 0 ° C - 3 0 0 °C, makred as (4 weight per cent, 300 ° C - 4 0 0 °C, marked 
as C2 weight per cent, 400 ° C - 5 0 0 °C. denoted by 0 , weight per cent, 500 ° C - 7 0 0 °C 
marked O2 weight per cent. Thus the Ci + Gj + 0 | + 0 2 = £A-Va weight per cent value 
denotes all the bound-mater ia l loss characteristic of the 200 °C-700 °C temperature range. 
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us lake as an theanalys is of the presented derivalograms made with such considetions, as gi­
ven in Table 1.) T h e weight per-cent loss of material in the part processes were compared 
by plotting, as a binary function, the Oj + 0 2 weight per cent values on the ordinate. 
the C| + ('.-> weight per- cent values on the abscissa. In fact, material losses at low and 
high temperatures, loss of water, cracking and burning were compared. Drawing 
perpendicular lines on lbe ordinate and the abscissa, connecting the intersection points 
of the resultants, the ar rangement of points in the co-ordinate system displayed a kind 
of regularity. Fig. l/i represents the position of 23 recent pelccypod species in the 
co-ordinate system. T h e co-ordinate points of the species representing the individual 
families fall near each other and. according to the numerical boundaries of the studied 
samples, well circumscribed fields are separated. (Recent results not incorporated in 
llui present paper completely confirm this aspect.) 

With this method t h e taxonomie specificity of the family can be well observed, at 
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]/i. A comparison f Recent Pelecvpod species in Q+Q2/O1+O2 weight per cent co-
male system. Samples wen- collected from freshwaters of Hungary (H) and from the 

\rlic Ocean f.\), the Black Sea (13), the Mediterranean Sea (M), the Red Sea (R). 
„is in co-ordinate system: I - Glycymeris pi'/o.s-u.s- (Ľ), (M), 2 - Area none (L), (M), 3 -
•a barbala (10. (M.'l. '\ — Melcagrina (=Pteria = Pmctada) margantifera (L.), (R), a — 
na nobilis ÍI..I. (Mj, 6 - Mytihis eclulis (L.), (B), 7 - I'crlcn jacobeus (L.). (M), S 

íl ten mnraiiiis u..i, (A), II - Chlamys opercularis (L.), (A), 10 - Pcclrn irradians (Lani.), 
II - Ostřen vaults (b.) (M), 12 - ľnio pic.Lorum (L.), (H), 13 - Umo tumidus 

l/..i. (II). M - Anodonta cygnea íl,.), ill), 15 - Pseudanodonta (= Anodonta) compla-
n (Rossm.) (II), IB - Margaritana ( = Margaritifera) margaritijera (L.), (H), 17 — 
dium tuberculatum íl,.), ÍM), 18 - Cardium edule (L.), (M), 19 - Tndacna elongata 

(L) (R) 20 - ľfiins cerrucosa (L.), (B), 21 - Venus gallina (L.), (M), 22 - Donax anatium 
(Lani.), ÍM) 23 - Tellina tenuis ÍL.), (M). 
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the same time, good possibilities for comparison are available as lo lbe properties 
and quantity of organic matter included in the shells of the species, as well as to the 
proportion of water content trapped in structures bound to organic matter. 
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III . Investigations of fossil molluscan species 

Aflcr it had been proved that b y derivatographic fingerprints taxonomie specifity 
can be traced, the investigations were extended to fossil samples. Now the m a i n aspect 
was detection of taxonomie specificity, however changes occurring during fossilizalion 
were also set as a task of a pilot study. 

T h e investigated fossil species were in good stale of preservation. T h e shell structures 
were not dissolved or recrystallized during fossilization. To allow a better survey. 
the derivatograms of fossil species h a v e been classified into groups. 

Surveying Fig. 15 and Table 2 both representing fingerprints of most ly Pliocene 
(only one Pleistocene) fossiles, it is obvious how varied the DTA. D T G and T G relations 
are. Samples 1—8 are I nio species, 9—10 species of Congeria, sample 1:1 represents 
the shell of a Pectencalus species. T h e t h e r m o d y n a m i c processes characteristic of the 
genus Unio can be s u m m e d up as follows: 

F r o m 20 °C to 200 °C loss of main ly adsorbed wet content (Va); from 300 °C to 
400 °C release of water trapped in the aragonite nacreous s tructure (Qj); 400 °C— 
500 °C aragonite -* calcite conversion and burn-out of organic material (Oi). Of T G 
relations the dominance of weight loss adjoining iho G> phase was characteristic. 

The DTA-DTG relations of Congeria species differ from those of the previous group. 
Although the DTA curve type of Congeria ungula caprae is similar to that of the Unio 
species of samples 7 and 8, in ibis case: loo, the DTG — TG relations are completely 
different. In the case of Congeria species, the loss of adsorbed water content (Va) and 
a loss of material m a r k e d by the temperature values .'125 °C an 265 °C can be observed 
(G,). 

T h e derivatographic fingerprint of the Pectenculus species (sample 11) differs from 
that of both Unio and Congeria species. This difference is main ly demonstrated b y ma­
terial losses in the Q> range. Comparison in the co-ordinate system C1+C2/O1 + O2 is 
restricted to a comparison Q2/O1 in the case of Pliocene samples (Fig. 16). T h e co-ordi­
nate points of the Unio species come near one another (with the exception of samples 
7 and 8) separated b y t h e points of the two species of Congeria and Pectenculus. 

Tn Fig. 17 and Table 3 an analysis of the derivatographic fingerprints of Miocene 
shells is given. Samples 1 and 2 represent different Venus species collected at the same 
place of occurence; samples 3 and 4 show fingerprints of 2 individuals of Lučina incra-
ssala found at different, localities. Regardless of the conditions of the localities, the two 
species of the genus Venus are similar to each other, and differ from the pr int of Lučina 
incrassata. In spite of the different places of occurrence, t h e DTA relations of the two 
Lučina incrassata individuals are almost campletely identical. The different species 
marked by sample n u m b e r s I, 2. .'! come from the same locality, however, their deriva-

< 

Fig. 15. DTA-, DTG-fingerprints of Pleistocene and Pliocene Pelecypod species. 
I — Unio sp., Pleistocene, Mezozombor (Hungary), 2 — Unio haevneri ( P c n k ) , Lcvantian, 
Malina (Yugoslavia), 3 — Unio thalassimus (Brus.), Levantian, Malino (Yugoslavia), 4 — 
Unio pavlovichi ( P a r t s c h ) , Lcvantian, Malino (Yugoslavia), 5 — Unio michalovichi 
B r u s.), Lower Pannonian, Radmanesti (Rumania), 6 — Unio sp., Lower Pannonian, 
Vorendorf (Austria), 7 — Unio wetzleri ( D u n k l . ) , Upper Pannonian, Kisbór (Hungary). 
8 — Unio atavus ( P a r t s c h ) , Upper Pannonian, Kiitese (Hungary), 9 — Congeria ungula 
caprae ( P a r t s c h ) , Upper Pannonian, Tihany (Hungary), 10 — Congeria subglobosa 
P a r t s c h ) , Lower Pannonian, Vôrendorf (Austria), 11 — Pectunculus (=Glycymeris) 

biniaculata ( P o l i ) , Levantian, Torino (Italy). 



30 SZDOR 

tographic fingerprints arc different. The same is valid for the studied samples of Lučina 
incrassata (sample number 4) and Area diluvii 'sample number 5) collected at the same 
locality from the same facies. Samples 7 and 8 and 9 represent species with calcite 

DTA DTG 
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frame from different places of occurrence and different stratigraphic levels. In this case 
no comparison in the former sense can be effectuated. Table .'3 demonstrates that (the 
samples can be classified into 2 groups. For the families Veneridae, Lucinidae, Arcidae 

cz> 
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0, weight % 

1,00 • • 

0,50 •• 

h «1 
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O, and02 weight % 

Fig. Mi. A comparison of Pleistocene and Fig. 18. A comparison of Miocene Pelecypod 
Pliocene Pelecypod species in C2/O1 weight species in CJ/OJ an C2/O2 weight per cent 
per cent co-ordinate systems. (Numbers as co-ordinate .systems. (Numbers as on Fig. 17.) 

on Fig. 15.) 

the C2 and Oj t h e r m o a n a h i i c a l processes are characteristic. In the case of the families 
Ostreidae and Pectinidae on other material losses t h a n C2 and O2 can be observed. (On 
this basis, comparison in the (4 + C2/O1 + O2 co-ordinate system was modified to 
a C2/O1 and O2 system of comparison.) 

In the co-ordinate system seen in Fig. L8 two groups are separated. One of the fields 
comprises samples I—5 the other the 6—9. Comparing the co-ordinate system which 

Fig. 17. DTA-, DTG-fingerprinls of Miocene Pelecypod species. 1 — Venus- multilamella 
(I, a 111.), Tortonian, Lapugy (Rumania), 2 — Venus dethrata ( D u b o i s ' ! , Tortonian, Lapugy 
(Rumania), 3 — Lučina incrassata ' D u b o i s ) , Tortonian, Lapugy (Rumania), 4 — Lučina 
incrassata ( D u b o i s 1 , Tortonian, Bujtur (Rumania), 5 — Area diluvii (Lain.) . Tortonian, 
Bujtur (Rumania), 6 — Oslrca crasússima, (LAM.), Tortonian, Várpalota (Hungary), 7 — 
Pecten praebeneclictus (H o u r n . ) , Tortonian, Devínska Nová Ves (Slovakia), 8 — Aequi-
pecten ( = Chlamys) praescabriuscuhw, Burdigalian, Mogyoród (Hungary), !) — Oslrca. sp., 

Burdigalian, Budafok (Hungary). 
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DTA DTG 
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Fig. 19. DTA-, DTG-fingerprinls of Palcogcne and Jurassic Pelecypod species. 1 — Cardium 
cingulatum (Goldj.), Oligocenc, Eger (Hungary) 2 — Cardinata planicosta (Lam. ) , Eocene, 
Grigon (France), .'! — Cytherea semisuleata (Lam. ) , Eocene. Grigon (France), 4 — Axinea 
pulvinata (Dcp l i . ) , Eocene, Grigon (France), 5 — Cryphea obliqua ( G o l d f . ) , Jurassic, 

Pécs (Hungary). 

analyses the Miocene species with the ones analysing tlie recent or Pliocene species 
(Figs. I '\ and Hi), I.lie following conclusions can be drawn. In propor t ion ' to t.he degree 
of fossilizalion and lime. I hero is a growing density of projection points. In the case 
of recent, and Pliocene samples, the families are well separated, which is han i ly the 
case with the Miocene ones. The representatives of the families Veneridae, Lucinidae 
and Arcidac are located close to one another, the families Ostreidae and Pectinidae in 
another group. With Miocene shells. Ijy this mode of comparison only the differences 
t\[ir to great basic structure can be delected. In detail, the Ostrea and Pecten species 
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willi calcite Ira me arc characterized by ihe presence of enriched organic material 
and by llic decrease of water content, the shells of the species with aragonite structure 
(Venus, Lučina, Area) by "real water comtenl and a modcsl cpiantity of organic matter. 

I \ . Discussion oj results. General conclusions 

Studies on recent molluscan shells by the derivatographic fingerprint method, as 
a novel procedure od investigation, can be made capable of tracing the taxonomie 
variability brought about by phylogenelic evolution. It has been proved through ihermo-
analytical analyses thai the derivatographic fingerprint, different according to species, 
appears reproducibly when applied to individuals, loo. T h e taxonomical ly specific marks 
arc. i 'onsequences of different biochemical, structural constitution, developed in the 
course of the evolution of the shells. It has been verified by plotting in t h e C| + C2/ 
O1 + O2 system ol co-ordinates that according to the present morphological-systematic 
classificiiition, the phylogenolic relationship is reflected by the chemical, physico-chemi­
cal structures ol the shell material. The investigation of recent sample material, as 
a model, can basically secure such an analysis of the taxonomie identification of I'ossil 
samples In the cases when the shell material did not undergo far-reaching changes 
during fossilizalion. To prove ithis claim, direct examples are given through the analysis 
of fossil sample material . Material from the different slraligraphic levels and lilhofacies 
horizons of the Pliocene are similar as to their C2/OJ relation, but they sharply differ 
from the thermoanalytical relations of oilier genera of Lamellibranchiata collected from 
the corresponding age and lilhofacies. This facl can be applied in identifying the found 
fragmentary material, in the case of Pliocene molluscan samples, to genus-laxon level. 
'In a developed the method may be suitable to determine the taxonomie specificity of 
species, too.) 

investigations on ihe samples of LameUibranchiata from the sandy littoral fades of 
the Miocene Tortonian stage have given promising results. It is significant that the 
derivatographic fingerprints of individuals of Lučina inc.rassata from various localities 
can be regarded identical. This facl suggests the possibility of identification to the 
speciesjtaxon level, which is supported by the previous s tatement (Gy. S z ô ô r 1.968) 
that illie trace element spectra of the samples are identical, loo. Within an identical 
facies. similarly to the Pliocene samples, identification to the genus-laxon level has 
been proved in this case. too. This is justified by the study of a previously analysed 
material of Gastropoda, noil discussed here (C,y. S z ô ô r l.97ib) which, at the same 
lime, calls attention to the fact thai taxonomie identification can he exclusively done 
on the sample material of the same lilhofacies. applying derivalography jointly with 
amino acid spectrum and trace element spectrum analysis. 

In ihe course of the experiments a number of Paleogene samples have been studied 
'Fig. 19). In spile of being seemingly 111 a good slate of preservation, the shells con­
tained bul traces of. or no organic material. Contrary lo lliis. In ihe shells of Miocene 
species amino acids can slill he deteoled in quantit ies enough lo give spectra (Gy. 
S z ň ó r I9C7). Derivatographic anlysis gave ihe surprising result thai the lliermo-
analvlical properties ol species ol di l lerent laxonomical groups, collected ml identical 
localities, were identical. This is well demonstrated by ihe nearly identical l)TA-l)TG 
Imgerprints of Cardiia planic.osla, Cylherea seniisulcata, and A.rinca pulvinala, collec­
ted from identic horizon and lilhofacies. In ihe case of Paleogene species no taxonomie 
identification by ihe derivatographic Fingerprint method can he achieved. 

I'hiis. il can he assumed that identification by ihe derivalographic method, diagnosis 
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of f r a g m e n t a r y m a t e r i a l c a n o n l y b e p e r f o r m e d if t h e a m i n o a c i d s of -the s h e l l s a r e 

p r e s e n t i n s u f f i c i e n t q u a n t i t i e s lo g i v e s p e c t r a , i. c. in t h e H o l o c e n e , P l e i s t o c e n e , P l io­

c e n e a n d t h e y o u n g e r s t a g e s of t h e M i o c e n e . T h e b a s i s for d e l e c t i n g a n d d e c i d i n g o n 

p h y l o g e n e t i c r e l a t i o n s is t h e n e c e s s i t y Lhal t h e c o n c h i o l i n e p r o t e i n s u b s t a n c e b e p r e s e n t 

i n ' r e l a t i v e l y u n i m p a i r e d a n d u n d e c o m p o s e d c o n d i t i o n . T h e a m i n o ac id o r p r o t e i n 

e s s e n t i a l l y p l a y s t h e r o l e of a n i n d i c a t o r w h i c h , b y lis p r e s e n c e , c a n p r o v e t h e 

f a v o u r a b l e I 'oss i l iza l ional s l a t e of t h e s t r u c t u r e s . 

W h e n i n t e r p r e t i n g t h e r e s u l t s for fossil s a m p l e m a t e r i a l il m u s t be e m p h a s i z e d t h a t 

t h o d a t a g i v e n h e r e O n l y suggest, t h e p o s s i b i l i t y of t a x o n o m i e i d e n t i f i c a t i o n . D e n v a t o -

g r a p h i c a n a l y t i c s s e r v i n g t h e t a x o n o m i e i d e n t i f i c a t i o n of fossil f r a g m e n t a r y m a t e r i a l 

m a y b e d e v e l o p e d b y a l o n g e r scr ies of s u b s e q u e n t care fu l i n v e s t i g a t i o n s . 

As a First s t e p w e m u s t e n d e a v o u r to p e r f o r m e x t e n d e d s t u d i e s on c o m p a r a t i v e 

s a m p l e m a t e r i a l a n d to e l u c i d a t e t h e b a s i c t h e r m o a n a l y t i c a l p r o c e s s e s . 

As a s e c o n d s l e p l b e fossil m a t e r i a l of t y p e facies m u s t b e m a p p e d , p r o c e e d i n g f r o m 

a g e to a g e . T h e m a t e r i a l t h u s o b t a i n e d m u s t be c p a r e d , c o n s i d e r i n g in e v e r y c a s e t h e 

d i a g e n c t i c h i s t o r y of -the e m b e d d i n g m e d i u m a n d c h e c k i n g t h e r e s u l t s b y t h e a l r e a d y 

e l a b o r a t e d b i o c h e m i c a l a n d o p t i c a l m u l i n é m e t h o d s . 
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