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Zusammenfassung 

In der vorliegenden Arbeit wurde das gesamte geochemische Datenmaterial statistisch untersucht, und zwar einmal die ICP-
Werte von 18 Variablen von 332 Proben (P. KLEIN, in diesem Band) unter Einschluß der 813C- und 8180-lsotopen (M. MAGARITZ 
& W.T. HOLSER, in diesem Band), zum anderen die INAA-Daten von 25 Variablen von 72 Proben (M. ATTREP et al., in diesem 
Band). 

Zuerst wurden, mit Hilfe der schrittweisen linearen Diskriminanz-Analyse sechs vorgegebene stratigraphisch definierte Pro
bengruppen nach den geochemischen Variablen ausgeschieden. Im ersten Datensatz beruht die Gruppentrennung auf 12 Va
riablen, nämlich 513C, P, 5180, V, Mn, Ba, Ni, S, Zn, Fe, Ctot und K. Über 90 % von 332 Proben sind korrekt klassifiziert. Das 
Diskriminanz-Modell der ersten beiden kanonischen Variablen zeigt klare stratigraphsiche Trends (Abb. 2): Vom basalen Teil 
des Kerns in der mittleren Bellerophon- Formation bis zum Mazzin-Member nimmt die erste kanonische Variable ab, d.h., es 
nehmen generell die Werte für 513C, V, Mn und S ab, wogegen Ctot und K ansteigen. Nach einem „Wendepunkt" im Mazzin 
Member, der den Hauptanomalien entspricht, tritt ein größerer Wechsel im Chemismus ein. Von hier bis zum Beginn des Kerns 
nimmt die zweite kanonische Variable zu, d. h. es kommt zu einer generellen Zunahme von P, Zn, Fe und zu einer Abnahme 
von 8180, Ba und Ni. 

Ähnliche Ergebnisse spiegeln die INAA-Daten wider. Aufgrund der geringeren Probenanzahl konnten allerdings nur vier Grup
pen unterschieden werden. Dabei tragen die Variablen Eu, Na, U, La, Cr und V signifikant zur Gruppentrennung bei. 

Die bedeutendsten geochemischen Variablen wurden in Form von „boxplots" und „3D-plots" stratigraphisch geordnet gra
phisch dargestellt. Dabei werden sowohl die generelle als auch die wechselseitige stratigraphische Korrelation gezeigt. Diese 
Methode beweist die starke Zusammengehörigkeit einzelner Variablen aus dem ICP-Datenmaterial in Abhängigkeit von der Li-

*) Author's address: Prof. Dr. KARL STATTEGGER, Geologisch-Paläontologisches Institut, Universität Kiel, Olshausenstraße 40, 
D-2300 Kiel. 
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Methode beweist die starke Zusammengehörigkeit einzelner Variablen aus dem ICP-Datenmaterial in Abhängigkeit von der Li-
thologie. Das gleiche Muster trifft auch für die meisten Variablen im INAA-Datenmaterial zu, die selbst wieder auf einzelne 
nichtkarbonatische Variablen beziehbar sind. 

Die gesamte Datensequenz der relevanten Variablen wurde mit Methoden der Zeitreihenanlayse im Intervall von der obersten 
Bellerophon Formation bis zum Top des Mazzin Member analysiert. Dabei zeigte sich in den Datenfolgen der einzelnen Variab
len ein unruhiger Kurvenverlauf, der von vielen kleinen Oszillationen geprägt ist. Durch Glättung mit ungewichteten gleitenden 
Mittelwerten kommen aber zwei Anomalien deutlich zum Vorschein: Die erste liegt im basalen Teil des Mazzin Member, die 
zweite nahe seiner Obergrenze. Nach Autokorrelationsanalysen sind für den Nachweis beider Anomalien ö13C, Mn, Ni und P 
die entscheidenden Variablen (Abb. 13). Die signifikanten Korrelationen zwischen der unteren und der oberen Anomalie gelten 
als Hinweis dafür, daß beide Anomalien durch dieselben geochemischen Prozesse zustande kamen. Dabei ist auf jeden Fall 
eine tektonische Wiederholung von Teilen der angetroffenen Schichtfolge auszuschließen. Auffallend ist eine leichte Verschie
bung der Maxima zwischen den Datenfolgen von 813C und ö180, die in der Kreuzkorrelationsanalyse zum Ausdruck kommt und 
durch das spätere Auftreten der ö180-Anomalie hervorgerufen wird. 

Abstract 

The Statistical analysis of the geochemical data was performed on two data sets, one containing 813C and 8180 isotopes as 
well as ICP-data of 18 variables from 332 samples, the other containing INAA-data of 25 variables from 72 samples. 

The method of stepwise linear discriminant analysis was used to distinguish among six stratigraphically predefined sample 
groups. 12 variables contribute significantly to the group-separation in the first data set: 813C, P, 6180, V, Mn, Ba, Ni, S, Zn, 
Fe, Ctot and K. More than 90 % of all 332 samples are classified correctly. The discriminant model on the first two canonical 
variables shows clear stratigraphic trends (Text-Fig. 2): From the basal part of the core (Middle Bellerophon Formation) to the 
Mazzin Member, the first canonical variable decreases, that means a general decrease of 813C, V, Mn, S and a general in
crease of Ctot, K. After a "turning point" in the Mazzin Member, corresponding to the main anomalies, we find a major change 
in the geochemical evolution. From here to the top of the core, the second canonical variable increases, that means a general 
increase of P, Zn, Fe and a general decrease of 8180, Ba, Ni. Similar results were obtained from the INAA data-set; only four 
groups could be distinguished due to the small number of samples. Highest discriminatory power is found in the variables Eu, 
Na, U, La, Cr and V. 

The most important geochemical variables are displayed by box- plots and 3D-plots according to the stratigraphic sample 
groups. General and individual stratigraphic correlation-patterns are also shown. These patterns indicate strong clustering of 
some variables of the ICP-data, reflecting the lithology, and of most variables of the INAA-data, which are in turn closely re
lated to some non-carbonatic variables of the ICP-data. 

The data-sequences of the relevant variables were analyzed by time-series methods in the interval from the uppermost Bel
lerophon Formation to the top of the Mazzin Member. The raw data show in part a rugged course caused by many small-scale 
oscillations. Smoothing by unweighted moving averages makes the two main anomalies easier to recognize. The first anomaly 
is located at the basal part of the Mazzin Member, the second anomaly near the top of the Mazzin Member. From autocorrela
tion-analysis, these two main anomalies are most obvious for 813C, Mn, Ni and P in the correlograms of Text-Fig. 14. The most 
striking feature is a second positive peak, corresponding to a correlation of the lower anomaly with the upper anomaly caused 
by similar geochemical processes which were responsible of both anomalies. Nevertheless, there are sufficient differences to 
reject the hypothesis that the lower and the upper anomalies represent a tectonic repetition of the stratigraphic section. A shift 
is noticeable between 613C and 8180, proved by crosscorrelation-analysis, due to the later occurrence of the first anomaly 
in 6180. 

1. Introduction 
Chemical study of the Gartnerkofel-core (see Text-

Fig. 1) resulted in more than ten thousand elemental 
and isotopic analyses, carried out at four laboratories 
as described in other chapters in this volume (M. AT-
TREP et al., this volume; P. KLEIN, this volume; M. 
KRALIK, this volume; M. MAGARITZ & W.T. HOLSER, 
1989). Some of the interpretations of the various 
analyses are discussed in the chapters cited, neverthe
less it was considered important to make a formal 
statistical treatment of the entire set of data. The 
analysis that follows may help to quantify relations that 
were qualitatively evident in the data sets, and may 
suggest others that might otherwise go unnoticed. In 
addition, this rather complete statistical study may 
serve the reader as a format in which to test newly 
suggested theoretical relations. Two data-sets were 
available for the statistical analysis: 
1) General geochemical data including C- and O-iso-

topes of all 332 analyzed core samples, with the 20 
variables: 613C, 8180, Ctotl S, insoluble residue (Res), 
AI, Ba, Ca, Cr, Fe, K, Mg, Mn, Na, Ni, P, Sr, Ti, V 
and Zn. Analyses of the elements AI to Zn were of 

the fraction soluble in 1M HCl (see P. KLEIN, this 
volume) - mainly the carbonate-fraction, although 
the levels of elements such as AI and K indicates 
that some clay minerals were leached. The corres
ponding data are tabulated by P. KLEIN (this vol
ume). 

2) INAA whole-rock analyses of 79 samples with 47 
variables. The main problem of this data-set was 
the many missing values below the detection limit. 
This was dealt with by the following restrictions: 
Variables containing more than 10 %, and samples 
containing more than 4 missing values, were 
excluded from the statistical treatment (compare B. 
HITCHON & R.H. FILBY, 1984). The remaining missing 
values were substituted by one-tenth of the detec
tion limit. Of this data-set, 72 samples were left 
containing 25 variables: Na, Mg, AI, K, Ca, Sc, Ti, V, 
Cr, Mn, Fe, Co, Rb, Cs, La, Ce, Sm, Eu, Tb, Dy, Yb, 
Lu, Hf, Th, U. The corresponding data, but also in
cluding some values for As, Sb, Ba, Ta and Ir are 
tabulated in M. ATTREP et al. (this volume). 

The statistical treatment of the geochemical data in
cludes: 
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Text-Fig. 1. 
Aerial photograph from the north of 
the Reppwand with the Gartnerko-
fel (2195 m) in the background. 
A: Drill site on Kammleiten (1998 m); 
B: Top of the outcrop section. 
Dotted line indicates the Perm-
ian-Triassic boundary between the 
Bellerophon Formation (below) and 
the Werfen Formation above. 
Photo: G. FLAJS, Aachen. 

Discrimination among the strat igraphic units using 
discr iminant analysis . 
Characterizat ion of the resulting individual sample-
groups by exploratory data-analysis and correlat ion 
analysis . 
Analysis of anomalies and events near the Permian/ 
Triassic boundary for the most sensit ive variables by 
t ime-series analysis. 

2. Geochemical Discrimination 
Among the Individual Stratigraphic Units 

A valuable tool in discrimination among predefined 
sample groups by their variables is the method of step
wise linear discriminant analysis (R.I. JENNRICH, 1977). 
It maximizes the differences among the groups by 
linear classification functions selecting the most dis
criminating variable among the groups at each step; 
similarly, a variable will be deleted if its discriminatory 
power becomes too low. In addition, canonical vari
ables are computed that are composed of coefficients 
of the original variables and a constant. These canoni
cal variables are the coordinate axes of a multidimen
sional sample space and allow optimal separation 
among the sample groups (R.A. REYMENT et al., 1984). 
The efficiency of the method depends heavily on the 
data structure of the predefined sample groups 
(KRZANOWSKI, 1977) because it requires normally distri
buted variables. 

The analysis was performed on both data sets, with 
six stratigraphically predefined sample groups: Campil 
Member (unit 4), Seis Member (unit 3B), Mazzin 
Member (unit 3A), Tesero Horizon (unit 2), Upper Bel
lerophon Formation (unit 1B), Middle Bellerophon For
mation (unit 1A); see Text-Fig. 5 of K. BOECKELMANN 
(this volume). The boundary between Units 3A and 3B 
is actually made arbitrarily at the top of the uppermost 
carbon isotope minimum; a stratigraphic boundary be

tween the Mazzin and Seis members cannot be reco
gnized in the GK-1 core (BOECKELMANN, this volume). 
Designations of Unit 3A as "Mazzin" and 3B as "Seis" 
in this chapter are only nominal and for convenience. 

2 .1 . General Geochemistry 

First, the 20 variables were checked for normality by 
normal probability plots and the Kolmogorov-Smirnow 

0 3 6 

canonical variable 1 
Text-Fig. 2. 
Discriminant model of the general geochemistry data-set showing optimal 
separation among six stratigraphic units (cf. Table 1) in relation to the first 
and second canonical variable. 
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Table 1. 
Main results from the discriminant analysis of the general geochemistry data-set. 

Discriminant variables with F-values: 

51 3C P 5 1 f l D V Hn Ba Ni S Zn Fe 

484.64 48.44 38.47 32.46 17.08 16.66 13.44 12.32 10.59 7.93 7.59 7.21 
CM * 

r99,9% ' 4.25 degrees of freedoa = 5,314 

F-satrix of 
group separation 

degrees of 
freedoi = 13,314-

fr99,9%= 2.80 

CAHPIL SEIS HAZZIN TESERO U.BELL 

SEIS 7.90 
HAZZIN 51.31 106.94 
TESERO 25.15 

U.BELL 39.84 

H.BELL 53.25 

22.33 52.05 

69.83 226.27 41.18 

81.62 232.47 58.94 15.52 

U.BELL=Upper Be l le rophon; H.B£LL=Middle Bel lerophon 

classification-
satrix nuaber of cases classified into group 

CANPIL SEIS HAZZIN TESERO Ü.BELL H.8ELL 

CAHPIL 
SEIS 

HAZZIN 
TESERO 
U.BELL 
H.BELL 

15 
9 
0 
0 
0 
0 

2 
64 
0 
0 
0 
0 

0 
0 

120 
0 
0 
0 

0 
2 
1 
29 
2 
0 

0 
0 
0 
0 
54 
1 

0 
0 
0 
0 
2 
31 

I of correctly 
classified sasples 

CAHPIL SEIS HAZZIN TESERO U.BELL H.BELL 
88 85 99 100 97 94 

canonical variables 

V, = 2.868513C + 0.278P - 0.0780% + 1.686V + 0.003Hn + 0.027Ba - 0.215Ni + 
+ 1.128S • 0.248Zn - 0.652Fe - 0.788C - 1.274K - 4.197 

V2 = 0.857Ö13C + 3.759P - 0.380Ö180 - 0.568V + O.OOlHn - 0.653Ba - 0.854Ni -
- 0.404S + 1.290Zn + 2.426Fe - 0.380C + 0.638K -13.274 

test: Ctot, S, insoluble residue, AI, Ba, K, Ni, P, V and 
Zn follow a lognormal distribution, the other variables 
are normally distributed. Therefore, logarithms of the 
lognormally distributed variables were used instead of 
the raw data. Six sample groups were predefined ac
cording to the stratigraphic units in the core. 

Main results are summarized in Table 1 and Text-
Fig. 2. 12 variables contribute essentially to the very 
distinct group separation, ordered with decreasing sig
nificance: 613C, P, ö180, V, Mn, Ba, Ni, S, Zn, Fe, Ctot, 
K. Group separation is statistically significant at a very 
high level. The only overlap, with the lowest F-value of 

group separation, can be observed between Seis and 
Campil: some samples from the upper part of the Seis-
member are classified as Campil, indicating a transition 
stage between these two units, as was recognized in 
defining these units (K. BOECKELMANN, this volume). 
This overlap can also seen from the classification mat
rix which indicates the classification pattern of all sam
ples into the six groups. In general, more than 90 % of 
all samples are classified correctly, up to 100 % in the 
Tesero Horizon. The coefficients of the two most pow
erful canonical variables are also listed. 
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The canonical variables are used as coordinate axes 
in the two-dimensional discriminant model of Text-
Fig. 2. The graph shows the areas covered by more 
than 95 % of the samples within the individual groups 
and the group centers. Increasing values on the first 
canonical variable correspond mainly to increasing 
contents of 613C, V, Mn, S and decreasing contents of 
Ctot and K, increasing values on the second canonical 
variable to increasing contents of P, Zn, Fe and de
creasing contents of 6180, Ba, Ni. The group-distribu
tion pattern shows clear time-trends: From Middle Bel-
lerophon to Mazzin, the first canonical variable goes 
down, from Mazzin to Campil, the second canonical 
variables goes up. 

2.2. INAA Data 

The INAA data were processed in the same way as 
the first data set. Tests of normality showed that Fe, 

Co and Cs were log- normally distributed variables. 
Only four stratigraphical groups could be predefined 
due to the small number of samples: Bellerophon For
mation (units 1A, B), Tesero Horizon (unit 2), Mazzin 
Member (unit 3A), Seis/Campil Members (units 3B, 4). 

Results of discriminant analysis are given in Table 2 
and Text-Fig. 3. Group separation is based mainly on 
six variables (in decreasing order of significance): Eu, 
Na, U, La, Cr, V. Separation among the four groups is 
highly significant. Only one sample of all 72 failed cor
rect classification in the classification matrix. This 
sample of the Tesero Horizon is classified as Mazzin. 

The plot of the samples on the first and the second 
canonical variable in Text-Fig. 3 shows the very clear 
group separation. The first canonical variable corre
sponds mainly to U and Cr, the second to Eu. The 
group distribution pattern is similar to the pattern of 
general geochemistry with similar time trends. A de
crease in the first canonical variable from Bellerophon 
to Mazzin is followed by an increase in the second ca-

Table 2. 
Main results from the discriminant analysis of the INAA data-set. 

Biscrisinant variables with F-values: 

Eu Na U La Cr V 
16.32 15.43 15.34 13.76 8.75 6.77 

F99 5 %= 6.19 

F-satrix of 
group separation 

degrees of 
freedoa = 25,44 

degrees of freedo« = 3,59 

HAZZIN 
TESERO 

BELLEROPHON 

CAHPIL/ 
SEIS HAZZIN 

5.80 

3.30 3.66 

9.52 16.43 

TESERO 

6.89 

F99.9%= 2,l?5 

dassification-
«atrix nusber of cases classified into group 

CAHPIL/ 
SEIS HAZZIN TESERO BELLEROPHON 

CAHPIL/SEIS 
HAZZIN 
TESERO 

BELLEROPHON 

19 
0 
0 
0 

0 
38 
1 
0 

0 
0 
6 
0 

0 
0 
0 
8 

I of correctly CAHPIL/SEIS HAZZIN TESERO BELLEROPHON 

classified samples 100 100 86 100 

canonical variables 

V, = O.lBlEu - 0.004Na + 0.560U - 0.352La + 0=105Cr - 0.080V - 0.053 

V 2 = 10.313Eu - 0.002Na + 0.056.1! - 0.173La + O.OlSCr - 0.007V - 4.557 
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2-

group centers 

Mult ip le Box-and-Uhisker P lo t 

I I I I 

- 4 0 4 8 

canonical variable 1 

Text-Fig. 3. 
Discriminant model of the INAA data-set showing optimal separation among 
six stratigraphic units (cf. Table 2) in relation to the first and second cano
nical variable). 

nonical variable from Mazzin to Seis/Campil. The Bel-
lerophon samples are most separated from the other 
groups, Tesero and Mazzin are closest together. 

2.3. Summary Remarks 

The use of linear discriminant analysis shows a clear 
separation of the individual stratigraphic units for both 
data sets. The most sensitive variables of geochemical 
changes and instabilities near the Permian/Triassic 
boundary are 613C, P, 6180, V, Mn, Eu, Na, U, whereas 
the "lithological" variables like Ca, Mg or insoluble re
sidue do not contribute to the stratigraphic group sep
aration. Geochemical time trends, expressed by the 
canonical variables, exhibit a similar evolution pattern 
in both data sets (compare Text-Figs. 2 and 3). We find 
a "turning point" in the Mazzin member, probably cor
responding to the two main anomalies. Here, a major 
change in the geochemical evolution occured. The de
crease of a specific linear combination of the 
geochemical variables turned to an increase in another 
linear combination of these variables. 

3. Characterization 
of the Stratigraphic Units 

Following the general discrimination-pattern of the 
stratigraphic units modeled by discriminant analysis, 
the individual units are analyzed using 
- exploratory data analysis 
- correlation analysis. 
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Text-Fig. 4. 
Multiple box-plots of the variables with the highest discriminatory power 
among the stratigraphic units (general geochemistry): 5"C, P, S,80, V, Mn. 
The box delimits the second and third quartiles around the median, the "whis
ker" extensions delimit the total range of the first and fourth quartiles, or, if 
outliers are present which are marked by dots, 1.5 times the range of the box 
on each side. 
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3 .1 . Exploratory Data Analysis 

Exploratory data analysis describes the variables of 
a data set in an ordinary general manner. No theoreti
cal data distribution is required. Therefore, one can 
compare easily several variables in a data set or one 
variable in several data sets (compare P.F. VELLEMAN & 
D.C. HOAGLIN, 1981). 

Of most interest are the variables of high discriminat
ory power (compare Tables 1 and 2). These variables 
are displayed in the multiple box plots of Text-Fig. 4 
(general geochemistry) and Text-Fig. 5 (INAA data). 

The box plot is an effective way to display univariate 
summary statistics graphically. The plot divides the 
data into four areas, the quartiles. The second and the 
third quartile are in the box separated by the median-
line, the first and the fourth quartile are the linear ex
tensions ("whiskers") of the box. Additional outliers 
beyond or above the extensions are marked by dots. 
With these features, the box-plot allows one to de
scribe very easily the data structure, to detect outliers 
and to note asymmetric behaviour of a variable. 

In Text-Fig. 4, 613C shows the greatest differences 
among the six groups: it was used in defining the 
"stratigraphic units". P follows a clear trend with in
creasing values going up the stratigraphic sequence, 
ö180 is high in the Permian and low in the Triassic (in
cluding Tesero) samples, V has also higher values in 
the Permian samples. Mn follows a stratigraphic-up-
ward- increasing trend like P. Differences among the 
stratigraphic units are not so clear for the other vari
ables in the general geochemistry set. 

For the INAA data (Text-Fig. 5), noticeable differ
ences among the four stratigraphic units can be ob
served in the multiple box-plots of Eu, Na and U by 
generally lowered contents in the Tesero horizon and 
the Mazzin member. 

The box-plots of 613C, P and 6180 are summarized in 
3D- plots using the three variables as coordinate axes. 
Text-Fig. 6 contains plots of all 332 samples, and of 
each individual stratigraphic unit. In a similar way, the 
plots of Text-Fig. 7 summarize the box-plots of Eu, Na 
and U. 
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Text-Fig. 5. 
Multiple box-plots of the INAA variables with the highest discriminatory po
wer among the stratigraphic units: Eu, Na, U. 

3.2. Correlation Analysis 

3.2.1. General Geochemistry 

The general correlation-pattern of all 332 samples, 
using the raw data of 513C, 6180, Ca, Cr, Fe, Mg, Mn, 
Na, Sr, Ti and log-transformed data of Ctot, S, insoluble 
residue (Res), AI, Ba, K, Ni, P, V, Zn, is shown in Text-
Fig. 8. The plot contains only those correlations above 
the 99 % significance level of the product-moment cor
relation coefficient which are also significant within the 
individual groups. Significance is tested against the 
normal distribution of correlation coefficients (see E. 
KREYSZIG, 1979). This test is more restrictive than the 
commonly used significance tables and requires higher 
correlations for significance. 

The general correlation pattern comprises the follow
ing pairs of variables: 
Positive correlations: Ctot - Ca, Ctot - Mg, Res - AI, 

Res - Ba, Res - K, Res - P, 
AI - Ba, AI - K, AI - P, AI - Ti, 
B a - K, B a - P, C a - Mg, K - P. 

Negative correlations: Ctot - Res, Ctot - AI, Ctot - K, 
Ctot ~ p . R e s - Ca, Res - Mg, 
AI - Ca, AI - Mg, Ba - Ca, Ba -
Mg, C a - K , Ca - P, K - Mg, 
Mg - P. 

Thereof, two clusters of variables result: 
O Res - AI - Ba - K - P. 
Q Ctot - Ca - Mg. 

These two clusters can be easily referred to the ge
neral lithology of the Gartnerkofel core: clastic and car-
bonatic sediments. 

The correlations of the main lithological variables, 
Res - Ca - Mg - Ctot, are probably spurious, because 
these four variables contain the highest percentages of 
the data set and may be affected by the constant sum 
constraint (J. AITCHISON, 1988). Nevertheless, these 
variables do not contribute much to the group separa
tion in the discriminant analysis. The other variables 
are supposed to be independent, except the correla
tions to the four variables mentioned above, they do 
not form a closed data array. For the six individual 
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Table 3. 
Correlation matrices of the individual stratigraphic units. 
Positively significant correlations not contained in the general correlation pattern of Text-Fig. 8 are framed. 

5180 

513C 
c 
s 
Res 
A l 
Ba 
Ca 
Cr 
Fe 
K 
Mg 
Mn 
Na 
N i 
P 
Sr 
T i 
V 
Zn 

51.8o 
513c 
c 
s 
Res 

A l 
Ba 
Ca 
Cr 

Fe 
K 
Mg 
Mn 
Na 
N i 
P 
Sr 
T i 
V 
Zn 

51 80 
5132 
C 

s 
Res 
A l 
Ba 
Ca 

Cr 
Fe 
K 

Mg 
Mn 
Na 
N i 
P 
S r 
T i 
V 
Zn 

1,00000 
-.62157 1.00000 

-.33323 -.121811.00000 
-.11216 -.20819 .69308 1,00000 
.21315 .21507 -,90707 

-.27286 .27153 -.35139 

-.00310 .39136 -.78363 -
-.33699 -.11168 .96002 

-.28251 -.00915 .10157 
-.02107 -.11957 .68371 

-.12561 .18110 -.56181 -

-.10510 -.09515 .91183 

.20257 -.28699 .63318 

-.13969 .3251Q .27255 

-.10110 -.07990 .16183 

.12839 .01621 -.73191 

-.05991 -.32536 |.86117] 

-.21287 .0151? -.05379 
-.12601 .21075 .31650 

-.29351 -.31881 .61739 

18o 13c c 

1.00000 

.50151 1.00000 

.82890 -.18160 1.00000 

.17066 -.01599 -.29282 

.09151 .17851 -.71712 

.01191 ,22195 -.61122 

.0092? .11193 -.60636 

.02892 -.23172 .61361 

.18085 ,19606 -.13186 

.02585 -.00252 .01795 

.0611! .21019 -.61711 
.10116 -.02983 .81881 

.11552 -.18982 .19226 

.26855 .21085 .0761? 

.15918 -.01133 -.17556 

.08020 .17155 -.72101 

-.18636 -.29673 .20735 
-.02152 .02330 -.38550 
-.03000 -.17571 .26160 

.0051" -.15588 ,01596 

1 8 0 1 3 c c 

1,00000 

.117711.00000 

.21512 .22119 1.00000 
-.13113 -.71768 -.52911 

-.29191 -.51096 -.65617 

-.12321 -.15219 -.59289 

-.21369 -.26092 -.18310 

.11536 .25271 .83373 

-.05159 .05312 -.31126 

-.11176 -.32935 -.63833 

-.19235 -.25811 -.61568 

.37681 .31712 .81110 

-.21252 -.11319 .13108 

,16630 -.13189 ,01001 

-.10151 -.19311 -.16311 

-.31177 -.56382 -.58616 

-.22221 -.05679 .11539 

.05211 .09002 -.25776 

.05130 -.56111 -.32871 

-.10156 .17992 -.17580 

18Q 13c c 

.5995? 1.00000 

.31915 .19010 1.00000 

.62125 .88111 

.69053 -.91787 -

.68912 1.00000 

.37288 -

.13551-.02821 |.?51?31 

.21332 -.62656 -

.52619 .61355 

.5952? -.91512 -

.37167 -.51316 • 

.02590 -.39572 

,11507 -.02180 

.59255 .75615 

,52617 -,9172? -

-.16176 .11969 

.19031 -.16267 

,75896 -.51162 -

S R e s 

.00000 

.63217 

.55371 

.53671 

.32265 

1.00000 
.76121 1 

.83921 

-.81128 -
,6659?| .10598 

.15052 .10712 

.583861 ,81058 

.11373 - .7381! -

,25159 .08198 -

.12282 .01976 

.10260 .37172 
, 559961.90226 

.02735 -.31168 -
.16610 .37533 
.39398 .152b3 

.10701 -.19790 -

S Res 

1.00000 

| .70995| l . 00000 

.27256 .60787 

.35271 .71085 

-.53505 -.7983? 
.11071 .39166 

1.197071 .10399 

.13578 .77189 

-.61<06 -.77263 

.21796 .32950 

-.02000 

.3130? 

|. 61131 

.06612 

,10638 

.51585 

.80592 

-.12332 
-.01508 .22311 

1.62151 1.61066 

-.16669 .0038! 

S Res 

,11076 -

.92710 

.30053 -

.2513? -

.17990 -

.31826-

.33313 
.58999 -

.87101 

.19513 

.10705 -

A l 

.00000 

.7511? 1 

.77171 -

.17205 

.08291 

.902S3 

.6559? 

,03723 

.22975 

.25189 

.6938? 

.35110 

.72711 
,22175 

.17319-

A l 

I.OOOflO 

.85379 1,00080 

.22112 

.13171 

.78731 -

.8123? 

.36195 
.06617 

.01813 

.76686 -

.81708 

.33557 -

.20023 

.53339 

Ba 

.00000 

.73156 1 

.19119 -

.06321 

.82673 -

,59375 

.02785 

.01377 

.50851 
,7719? -

,31186 
.13886 -
.12662 

.17181 

Ba 

.65613 1.00000 

-.63111 

|.56958 
.12679 

.93257 

-.55335 

.20323 

,31153 

.56161 111 

.5319? 

.38122 

A l 

-.57278 

.39692 

.29178 

.72002 

-.57317 

.35210 

.19115 

,17319 

.61001 

-.07633 

.39161 

.51552 

,23892 

Ba 

.08958 1.00000 

.61211 

.5781? 

.97163 

.19515 

.31317 

.01550 

.85081 

.81763 -

.09301 | 

.20961 

.60516 

Ca 

,00000 

.27133 1 

.08019 

.75880 

.7681? -

.15176 

.05571 

.20118 
.77710 

.50118 -

.13576 | 

.05216 

.21115 -

Ca 

1.00000 

-.11319 

-.12091 

-.68718 

.69872 

-.03160 

-,02885 

-.11752 

-.6167? 

.14171 

-.38059 

-.39982 

-.11052 

Ca 

30078 1.00000 
67590 -.21718 1.0AOOO 

11856 .68105 -.51037 1.00000 
10832 |,78570|-,32856 

38051 .33861 .14624 

11905 .19312 .25902 

08900 -.31160 .54007 -

06193 .63798 -.72046 

918251.17383 |. 785381 
63177 .1139? .11081 

0191! -.00216 -.31122 

Cr Fe K 

00000 
17826 1.00000 

18033 .06116 1.00000 

18832 -.06905 -.67232 

1,9960], 713191-, 05738 

18885 -.0390? .25210 

13718 .01576 .36783 
12870 .16171 .77500-

12609 -.00119 -
579961 .11911 (" 

31370 .31811 

31838 
587111 
17719 

12852 .32656 -.16261 

Cr Fe K 

.00008 

.21890 1.00008 

.57111| .11863 1.00000 

CAMP iL 

.15400 1.00008 

.31002 

.20503 

,83191 -

.82096 

.03389 
.22127 

.5617? 

Mg 

.00008 

.03638 1.00000 

.08176 -.05825 1 

.08675 -.13226 

.62253 .29058 

.01178 .31677 

.14759 .54736 

.11116 -.01921 

M n N a 

S E I S 

.07014 l.OOOQO 

,0625t 

.11675 

.75759 

.05516 

.37885 

.00763 

,10110 

Mg 

.1)8674 1.00000 

.01351 

.15071 

.02518 -

.05212 

.12616 

.25031 

.00000 

.06273 

.07064 

.50000 

.22324 
.17160 

N i 

12186 1.00000 

06982 

00189 -

21508 

05113 

00348 -

M n N a 

MA77TM 

.33722 -.10785 -.66796 1.00000 

.08338 .21530 .25329 

.25252 .01905 .3067? 

.39095 .11166 .63319 

.18270 .46100 .65610 

.10966 -.11395 

.610331 .16720 

.28113 .39112 

.27938 .03165 

Cr Fe 

.13300 

.6179? 

.61859 

.35098 

K 

-.07841 1.00000 

-.0571? 

-.55715 

-.67182 

.25286 

-.25221 
-.35213 

-.17879 

Mg 

,00001) 

-.6007! 1 

.21739 -

,12884 

.64011 

P 

.11019 1.00000 

.06851 -

.09696 

.08361 

.12921 -

N i 

.18962 1.00000 

.26211 .15888 1.00000 

.11679 .11175 |.57457 j 

-.07829 -.02351 -.01035 

.01895 |.522941 ,29254 

.33294 .31092 

.02919 .20513 

Mn Na 

,29538 

,2846! 

N i 

.00000 

.22102 1 

.11556 

.17431 

Sr 

,21361 1.00000 

.37310 -.15691 1 

.21393 .06016 

.18176 

P 

.0192? 

Sr 

1.00000 

-.11257 1.00000 

,09371 -.09254 

1.56012 

-.02875 

P 

-.08806 

,01726 

Sr 

.00000 

.631011.00000 

.03570 .15903 1.00000 

T i V Zn 

.00000 

.41526 1.00000 

.06656 .08213 1.00000 

T i V Zn 

1.00000 

.30343 1.00000 

.44007 -.12161 1.00000 

T i V Zn 
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Table 3 (continued). 

O
l 

O
l 

U
l 

00
 

o
 

o
 

C 
s 
Res 
A I 
Ba 
Ca 
Cr 
Fe 
K 
Mg 
Mn 
Na 
N i 
P 
Sr 
T i 
V 
Zn 

5 c 
C 
s 
Res 
A I 
Ba 
Ca 
Cr 
Fe 
K 
Mg 
Mn 
Na 
N i 
P 
Sr 
T i 
V 
Zn 

1.00000 

- .221811.00000 

.65911 -.06615 

-.63073 .03065 

-.58911 .07073 

-.63705 .09305-

- .58161 -.10966 

.71211 -.09325 

-.56561 .11191 
-.15690 -.26220 

-.62379 ,11860 

.71173 -.06821 

,33112 -.76078 

-.15121 .05635 

-.69155 .35325 

-.59312 -.05162 
.15178 .18276 

-.17757 .02652 
-.19723 .10098 
-.76311 -.16686 

18o 13c 

1.00000 

|.73833J 1.00000 

.00000 

.53111 

.65363 

.88110 

.65251 

.97197 

,95263 
.79186 

.81721 

.91770 

.50871 
.90819 

,69218 

,69886 

.82651| 

.95303 

.57620 

,51301 

c 

-.25717 -.18261 1.00000 

.16661 -.01662 

.11391 -.01271 

.3357! .21200 

.04539 .02386 

-.33076 -.21991 

-.22587 -.21132 

.52782 .33469 

.33391 .17905 

-.03311 .01118 

.37318 .10013 

.26870 .18027 

.15710 .42547 

.17299 .15076 
-.55176 -.11177 

-.25091 -.11809 

-.38912 -.11302 

.33631 .31866 

1 8 0 1 3 c 

.00000 

.53558 1.00000 

.56156 

.67273 

.51682 

.10732 

.29668 

.51531 

.53676 

.30335 

,51733 

.5021? 
,35707 

.33151 

.12639 

.50017 

.52153 

s 

-.69693 1.00000 
-.66462 

-.66222 

-.42271 

.95309 

.01273 

.16383 

-.62377 

.91361 

.18239 

.09282 

.59107 

-.81537 

.72183 

.02727 

.33363 

.16111 

C 

.69602| 

.60266 

.39611 

-.62238 

.18732 

.35128 

.666221 
-.63278 

-.31058 
.11339 
.13976 

.58270 

.46779 

.23097 

.20056 

.07706 

S 

.79875 

.75325 

.71991 -

.65887 

.23223 

.87135 

.75566 -

,1102b 
.11571 

.72856 

.75150 

.36387 -

.60362 

.832621 

.31255 

Res 

.00000 

.00000 

.71926 1 

.87115 -

,911551 
.57789 

.95721 

,91355 -

,52571 -

,73992 

.831111 

.62119 

.62615 -

.86571 

.76511 

.52971 

A I 

.67916 1,00000 

,51182 

-.72088 
.33599 

.11170 

.78361 

-.75809 

-.21992 

.19006 

.10298 

.83123 

.1630? 

,25950 

.26508 

.06116 

Res 

.50129 1 

-.66151 -

.31091 

.51098 

.93758 

-.62311 -

- . 1 2 7 5 6 -
.47392 
.71127| 

.68759 

.59536 -

.16605 

.23199 

.26794 

A I 

00000 

67501 1.00000 

60169 
31396 

71672 

72019 

20320 
53197 

60328 

68610 
37116 
57191 
77190 
19081 

Ba 

00000 

.90633 1.00000 

.70166 

.8281? [ 

.91912 -

.51516 -

.63762 [ 

.71673 

.72125 

.82780 -
.88961 

.58171 

.52711 

Ca 

41993 1.00000 

31555 

19075 

5352! 

15591 

16818 
10807 

39118 

60761 
3126? 

07505 

02571 

09521 

Ba 

.01100 1 

-.25802 

-.65131 

.91112 -

.1081? 

.05710 

-.51772 

-.85038 
.76995|-

-.03191 

.36736 

-.08380 

Ca 

72016 

36656| 

9168? 

56951 

855531 

75751 

72151 

72150 
961211 
66721 

15301 

Cr 

.00000 

.00000 

.13067 1.00000 

.70198 

.02681 

.7770? 

.31028 

,11206 

,83358 

.7652? 

.20150 

.63349 

Fe 

.09030 1.00000 

.36070 

.08726 

.12355 

.37992 

.21336 

,11165 
00691 

16868 

31278 

0087? 

Cr 

.5857! 

-.07762 

,18786 

.51061 

.27965 

.27111 
.12270 
.25872 

.2631? 

.08186 

Fe 

.89632 t.OÜOOfl 

-.51753 ,11883 

.62881 -.7579? 

.87111|-,82691 

.89073 -.81263 -

-.50543 

.79895 

.86918 

.13080 

,76116 

-.86318 -
-.68152 -

-.57818 

K Mg 

.00000 

.18912 1 

.56179 

.21950 

.18918 -

.53038 ( 

.11023 

.09763 

Mn 

TESERO 

00000 

17043 1.00000 

18908 .72251 1 

77236 -.11536 -
921»2| .61518 

39178 .73303 
4236? .47491 

Na N i 

00000 

4502? 1.00000 

65645 -.76998 1.00000 

77722 -.21580 .6004? 

50632 -.18623 .40408 

P 

UPPER BELLEROPHON 

.00000 

-.59633 1.00000 

-.06969 .5802? 

.17176 .13311 
|.62060|-,14716 

.71743 -.84775 

-.56231 .56086 

.11723 -.08835 
-.22571 .30519 

.18788 .03689 

K Mg 

.00000 

.31505 1 
-.05186 

-.39208 
.09512 
.07128 

. 01132 -

.19213 

Mn 

.00000 

.29313 1.00000 

,00689 .50111 1 
01759 -.5989? -
55631 .13093 

14888 -.05208 -

12816 .36622 -

Na N i 

0000D 

59603 
06093 

22108 
01086 -

P 

S r 

.00000 
,05156 

.23809 

.1B22B 

Sr 

T i 

.00000 

.01822 

.11718 

T i 

.00000 
.32103 1,00000 

V Zn 

1.00000 
-.05112 1.00000 

V Zn 

513C 
C 
s 
Res 
A I 
Ba 
Ca 
Cr 
Fe 
K 

Mg 
Mn 
Na 
N i 
P 

S r 
T i 
V 
Zn 

1.00000 
|.8795311 

.16040 

.16050 

- . 1 5 1 1 3 -

-.06693 -

.18813 

.22310 

.16096 
-.18993 

-.1269? 
.19812 

.01656 

.49590 
.16555 

-.28091 

1931! 

-.22314 
-.26484 

.27150 

180 

.00000 

.12411 1.00000 

.15292 -

.24363 -

.12546 -

. 1 9 5 1 0 -

.17930 

.05599 

.0762? -

1770? 

21073 

,1360b 

,6266? 
.15714 

-.40895 

.36856 

-.32356 
-.15405 

.46336 

1 3 c 

.78166 1.00000 

.75678 

.87015 

.59475 

.95521 

.11201 

.88131 

.32497 

,66968 

-.19801 
.0991? 

-.1578? 
-.69900 

.31375 
-.17869 

.3233? 

-.15521 

C 

.7058S 
.82199 

.7755? 

.8067? 

.37226 

.726-11 

.77121 

-.7699? 

.19530 

.30056 

,60190 
.70192 

11(1100 
.61291 

-.11811 

.62965 

S 

1.0000Ö 

.86713 1 

.69952 

-.79256 • 

.11988 

.67200 

.90712 

-.73803 

.15066 

-.18103 

.63221 

.81136 
-.37474 

.70731 

-.1248? 

.42088 

Res 

.00000 

.71312 

.90362 -

.22415 

.6958? 

.91008 

.69428 

.0002? 

.0278? 

.59410 
.62309 

-.27293 

.65216 

-.2151? 

.10380 

A I 

.00000 

.61339 1 

.11818 -

.66871 -

.71110;-

.5992?' 

.35560 

,33088 
.63626 
.55984 

.17811 

.69173 

-.13016 

.69255 

Ba 

.00000 

.21615 1 

.85158 
.85395 
.90156 -

.17175 

.06279 

-.4904? 

-.75803 
.23288 

-.58971 

.26583 

-.47245 

Ca 

.00000 

.21507 1 
,24001 
.15312 

,33772 

.16387 

.37583 

,31153 
.11323 
.36314 

.09654 

.26192 

Cr 

,00000 
.72807 1.00000 

.75361 • 

.57445 

.05230 
.16090 
.57438 

-.23112 

.50489 

-.11171 

,66525 

Fe 

.87108 1.00000 

.14199 -

.03083 
.57773 
.79696 

-.26615 
.65819 

-.26253 

.1210? 

K 

MIDDLE BELLEROPHON 

.11059 1.00000 

.05319 -

.12938 

.73161 

.27713 

-.1831? 

.11372 

-.35729 

Mg 

.02105 1.00000 

.13912 .26032 1.00000 

.00930 -.14121 .51762 1.00000 

.0376! | .803391 ,05721 -.20755 1.00000 
,20581 .03750 .19201 .73171 ,07082 1.00000 

- .3731 ! -.15879 - . 2 2 9 1 ! -.05031 -.20881 -

.51378 ,11385 .61289 .26018 .21889 

Mn Na N i P S r 

. 1 /19b 

.,11366 

T i 

-.59300 1.00000 

V Z n 
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Text-Fig. 6. 
3-D-plots on ö,3C, P and ö180 of all 332 samples (general geochemistry) and of the individual stratigraphic units. 

stratigraphic units, the correlation matrices are given in 
Table 3. Specific significant positive correlations which 
do not belong to the general correlation structure are 
framed. 

The stratigraphic correlation pattern in Text-Fig. 9 
contains the specific significant positive correlations in 
a stratigraphic order. Most changes occur at the Tese-
ro Horizon and the Mazzin member. 

3.2.2. INAA Data 

The plot of the general correlation structure of the 25 
INAA variables in Text-Fig. 10 shows very strong clus

tering of the major part of the variables with significant 
positive correlations. This cluster is formed by Na, AI, 
K, ,Sc, Ti, V, Cr, Rb, Cs, La, Ce, Sm, Eu, Tb, Dy, Yb, 
Lu, Hf, Th. Weaker affinities to that cluster are shown 
by Co and U. Ca and Mg form a second cluster. Fe is 
significantly correlated to Co, Mn has no significant 
corre lations to the other variables. 

No specific significant positive correlations could be 
observed within the individual sample groups due to 
that strong general clustering and due to the small 
number of samples, especially in the Bellerophon 
Member and the Tesero Horizon. 
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ALL SAMPLES 

SEIS/CAMPIL MAZZIN 

Text-Fig. 7. 
3-D-plots on Eu, Na and U of all 72 INAA-samples and of the individual stratigraphic units. 

3.2.3. Correlations 
Between the Two Data Sets 

The general correlation pattern of isotopes, ICP and 
INAA data, restricted to the 72 INAA samples is shown 
in Text-Fig. 11. The strong clustering effect of the vari
ables within the two data sets is maintained. The ICP 
cluster Res - AI - Ba - K - P has significant positive 
correlations to the INAA cluster Na - AI - K - Sc - Ti -
V - Cr - Rb - Cs - La - Ce - Sm - Eu - Tb - Dy - Yb 
- Lu - Hf - Th and significant negative correlations to 
the INAA cluster Ca - Mg. In contrary, the ICP cluster 
Ctot - Ca - Mg has significant positive correlations to 
the corresponding INAA cluster Ca - Mg and negative 
significant correlations to the other INAA cluster. 
Noticeable is the absence of significant positive corre
lations, concerning the same element with ICP and 
INAA, for Na, Ti, V and Cr, whereby Ti and Cr are near 
the 99 % significance level. Therefore, the INAA data 
can not be seen as a subset of the ICP data for these 
variables (compare the partly different discriminatory 
power in the discriminant analyses of the two data 
sets, section 2). 

4. Time Series Analysis 
The aim of analyzing geochemical variables of the 

Gartnerkofel core by time series methods is to get a 

closer look at the vertical succession composing a 
data sequence. Variations in time in relation to the 
main geochemical anomalies are of special interest. 
Time series analysis is restricted to the relevant vari
ables of the general geochemical data set, 813C, 8180, 
Ctot, S, Ba, Fe, K, Mn, Ni, P, V, Zn in the interval from 
the uppermost Bellerophon formation to the top of the 
Mazzin member (samples 215 to 93), containing 160 
samples in an interval of 62.74 meters. Linear interpo
lation, smoothing by unweighted moving averages, au
tocorrelation- and crosscorelation analysis were used 
in analyzing the data sequences (for the methods, 
compare J.C. DAVIS, 1986; SCHWARZACHER, 1975). 

4 . 1 . Description 
of the Data Sequences 

Raw data sequences of all variables are displayed in 
Text-Fig. 12 in the interval from -175.10 meters to 
-237.84 meters of the core. Anomalous behaviour can 
be seen best in 813C with three zones of lowered val
ues (see MAGARITZ & HOLSER, this volume) and in S and 
P with two zones of increased values. The other vari
ables have a very rugged course indicating major vari
ations among succeeding data points, especially in the 
two anomalous zones. 

Time series procedures require equally spaced data 
points generated from the irregularly spaced sample 
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8' 80 
5 ,3C 

S 
Res 
Al 
Ba 
Ca 
Cr 
Fe 
K 
Mg 
Mn 
Na 
Ni 
P 
Sr 

Text-Fig. 8. 
Correlation pattern of the | 
general geochemistry da
ta-set including all 332 y 
samples with 20 variables. 
Correlations significant at £f) 
the 99 % level are black 
(positive) or shaded (nega
tive) - see text. 
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points. For that purpose, 200 data points were linearly 
interpolated among the 160 sample points. The dis
tance between two interpolated points amounts to 
0.315 meters. This point density is sufficient to catch 
most small-scaled variations. 

The interpolated data sequences were smoothed by 
an unweighted 9-term moving average process in order 

to emphasize the more obvious and elementary time 
trends. Text-Fig. 13 shows the smoothed data se
quences. Low-value anomalies are shown by 613C, 
8180 and Ctot; the other variables have high-value 
anomalies - except V which has two large high-value 
zones separated by a low-value zone. The first ano
maly is marked by peaks of the variables in the interval 
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Text-Fig. 9. 
Stratigraphic correlation pattern of stratigraphically specific, significant positive correlations (cf. Table 3) which are not contained in the general correlation 
pattern of Text-Fig. 8. 
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Text-Fig. 12. 
Raw data sequences of the relevant variables 513C, 6180, Ctot, S, Ba, Fe, K, Mn, Ni, P, V, Zn from the uppermost Bellerophon Formation (-278.87 m) to the 
top of the Mazzin Formation (-175.10 m). 
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Smoothed data sequences from the raw data in Text-Fig. 12. 
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Text-Fig. 14. 
Correlograms of 6«C, S'srj, Ct0„ S, Ba, Fe, K, Mn, Ni, P, V, Zn over a distance of 100 lags or 31.53 m. 
r(h) is the correlation coefficient for a given lag. 
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from -224 to -212 meters. It is best developed on 
613C, 5180, Ctot, S, Ba, K, Mn and P. The anomalous 
zone is wider for Ni. For 6180, the first and only sig
nificant peak occurs at -209 meters. P has two peaks. 
Zn shows an oscillating behaviour in the whole section 
with five peaks between -218 and -181 meters. The 
second anomaly covers the interval from -188 to -181 
meters. The strongest peaks are found in 813C, C,ot, 
Ba, K, Mn, Ni and P; Ctot, S, Ni and P have two peaks. 

The first anomaly covers the basal part of the Mazzin 
Member; in the underlying Tesero Horizon only very 
few isolated outlier values can be found with Ctot, Ba, 
Fe, K, Ni, P, V. The second anomaly is in the upper 
part of the Mazzin Member. 

4.2. Autocorrelation 
and Crosscorrelation 

Autocorrelation examines the spatial or time influ
ence of a data point on succeeding points. Similarities 
of data points in dependance of their distance can be 
determined. Therefore, the autocorrelation structure of 
the geochemicai variables serves to estimate the zone 
of influence of individual data-points and to detect 
major oscillations in a data sequence (see K. STATTEG-
GER, 1988). The empirical autocorrelation function can 
be displayed graphically in the correlogram with the 
values of the succeeding porrelation coefficients, r(h), 
for increasing lag in comparing the data sequence to 
itself. 

Using the interpolated data sequences, the correlo-
grams were calculated as exhibited in Text-Fig. 14. 
Large oscillations indicating the two main anomalous 
zones can be observed with 99 % significance on 613C, 
Mn, Ni, and P. The "upper anomaly" of the smoothed 
data includes both the second and the third anomalies 
as described in the chapter on 813C and 6180 isotopes 
(MAGARITZ & HOLSER, 1989). The lagging distance to 
reach the second peak in the correlograms varies from 
94 to 113 lags, that is, 29.6 to 35.6 meters, which cor
responds to the distances between the main 
anomalies. The zone of influence, that means the shift 
where the autocorrelation decreases to zero, is for the 
majority of the variables 22 to 29 lags or 6.1 to 9.1 
meters. These distances correspond to the extent of 
the anomalous zones. Zn has a short zone of influence, 
11 lags or 3.4 meters, indicating its individual smaller 
oscillations. V has a larger zone of influence, 32 lags or 
10.1 meters, which is characteristic of the more stable 
behaviour of this variable. 

Although noticeable similarities of the two anomalies 
can be observed, striking differences remain concern
ing the "shapes" and the intensities. Therefore, a 
hypothesized tectonic repetition of the stratigraphic 
section can be rejected (compare K. STATTEGGER, 
1983). 

Crosscorrelation analysis was performed using two 
variables instead of the one used in autocorrelation 
analysis. 513C and 8180 show a clear shift, see Text-
Fig. 15, with a broad peak reaching the maximum at 25 
lags, that is 7.9 meters. This corresponds to the dis
tance between the peaks of the two variables in the 
first anomaly caused by the later occurrence of the 
8180 anomaly. No other shifts could be detected in 
comparing all variables. We find high positive correla
tions for 613C - C,ot and S - Ba - Fe - K - Mn - V, 
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Text-Fig. 15. 
Crosscorrelation of 813C versus 81S0. 

without lagging, indicating a similar course of these 
variables with respect to the anomalies. 

Tests of cyclicity using methods of spectral analysis, 
especially power spectra (W. SCHWARZACHER, 1984) and 
Walsh spectra (WEEDON, 1987) did not yield positive re
sults. This indicates that the oscillations are not regu
larly distributed along the geochemicai data sequences 
and that the main anomalies superimpose all minor os
cillations. 

4.3. Summary Remarks 

Raw data sequences of the relevant variables show 
in part a rugged course caused by many small-scale 
oscillations. Smoothing by unweighted moving aver
ages makes the main time trends easier to recognize 
and gives special evidence of anomalous zones con
taining lowered or increased values. Two main anomal
ous zones of some extent can be observed. The first 
anomaly is located at the basal part of the Mazzin 
Member, the second anomaly near the top of the Maz
zin Member. 

The most striking feature of the correlograms is a 
second positive peak, corresponding to a correlation of 
the lower anomaly with the upper anomaly. This sec
ond maximum is significant for 513C, Mn, and espe
cially for Ni and P, as indicated by the confidence lines 
in the correlograms (Text-Fig. 14). Moreover, the lag to 
the second maximum is very similar for all of these var
iables, 29 to 31 meters, except Mn whose peak has a 
longer lag. The peaks in Ni and P (Text-Fig. 13) corre
spond roughly to the minima in 813C. The autocorrela
tions indicates that the structure of the upper anomaly 
of these elements has much in common with that of 
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the lower anomaly. This result in turn suggests that the 
upper and the lower anomalies were generated by 
similar geochemical processes, especial ly for Ni and P. 
Nevertheless, there are suff ic ient dif ferences in detai l 
of variat ions of elements through both anomalies to re
ject an hypothesis that the lower and upper anomalies 
represent a tectonic repeti t ion of the strat igraphic sec
t ion. 

A shift is not iceable between 513C and 8 1 8 0 , proved 
by cross correlat ion analysis, due to the later occur
rence of the first anomaly on 6 1 8 0 . 
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