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Sampling for microfossils in exploratory wells in basins with hydrocarbon potential is subject
to considerable uncertainty, mainly because the samples usually are small and subject to
caving. Biostratigraphic events defined on fossil taxa include their last occurrences of which
the depths along the wells generally can be measured with precision. The RASC method for
ranking and scaling of stratigraphic events produces an average basin-wide optimum sequence
and zonation that can be used for correlation of strata between wells. In this optimum se-
quence the fossil events are ordered according to their occurrences in geological time. Depth
differences between successive events in the optimum sequence satisfy a frequency distri-
bution that is of interest for potentially increasing stratigraphic resolution. In this article the
depth difference frequency distribution is modeled for three large Cenozoic microfossil data
sets consisting of 30 wells in the North Sea Basin, 27 wells on the Labrador Shelf and Grand
Banks, and 11 wells in the western Barents Sea. The shapes of the three frequency distribu-
tions satisfy bilateral gamma distributions with similar parameters. These distributions are
fitted by the construction of straightlines on normal Q-Q plots of square root transformed
average-corrected depth differences. The gamma distribution model is approximately satis-
fied except for small negative and positive depth differences, which have anomalous fre-
quencies because of the discrete sampling method used in exploratory well-drilling to collect
microfossils. It implies not only comparable average stratigraphic order of events, but also
comparable average sedimentation rates in the three Cenozoic basins selected for study.

KEY WORDS: Sediment thickness, biostratigraphic events, exploratory wells, bilateral gamma
distribution, normal Q-Q plots, North Sea Basin, Northwestern Atlantic Margin.

INTRODUCTION method for ranking and scaling (Agterberg and
Gradstein, 1999). Development phases for this
Quantitative methods for the analysis of approach were:

observed biostratigraphic events include the RASC
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by Hay (1972), the basic concepts of
RASC were introduced and applied ini-
tially to Cenozoic Foraminifera in offshore
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berg, 1982). Implementation of the meth-
od was in the form of mainframe computer
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(4)

programs (Agterberg and Nel, 1982a, b;
Agterberg and others, 1985). Develop-
ment of RASC was carried out at the
Geological Survey of Canada in Ottawa
and Halifax, Nova Scotia, as part of Pro-
ject 148 of the International Geological
Program (Evaluation and Development of
Quantitative  Stratigraphic Correlation
Methods, 1976-1985; cf. Gradstein and
others, 1985).

1986-1994: Minor modifications of the
method were introduced (Agterberg and
Gradstein, 1988; D’lorio and Agterberg,
1989; Agterberg, 1990) followed by new
types of applications by Williamson
(1987), Van Buggenum (1991), Gradstein
and others (1992), Schioeler and Wilson
(1993), and Gradstein and others (1994).
Implementation was in form of programs
for personal computers (Agterberg and
others, 1989).

1995-2005: Modifications of RASC with
addition of variance analysis were pre-
sented in Agterberg and Gradstein (1997,
1999), and Gradstein and Agterberg
(1998). This stage of development was
sponsored by Saga Petroleum with appli-
cations to Cretaceous and Cenozoic mi-
crofossils from wells drilled in the North
Sea Basin offshore Norway. RASC has had
large-scale applications by other oil com-
panies including Unocal, Shell, Arco,
British Petroleum, North Hydro, Chevron,
and British Gas. Novel applications in-
cluded Gradstein and Béckstrom (1996),
Whang and Zhou (1997), and Pawlowsky-
Glahn and Egozcue (2001). A user-friendly
Windows version of RASC was developed
(Agterberg, Gradstein, and Cheng, 1998,
2001) to complement and replace the ear-
lier mainframe and DOS versions.
2006-present: Currently, the Windows
version of RASC is being extended pri-
marily to improve its CASC component
for correlation and standard error calcu-
lation using the observed depths of bio-
stratigraphic events in the wells. The three
data sets used in this new development are
Cenozoic microfossils in (A) 30 North Sea
wells, using 1430 event records of 289 taxa
of benthic and planktonic Foraminifera,
some miscellaneous shelly microfossils,
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and dinoflagellates; (B) 27 Labrador Shelf-
northern Grand Banks wells, using 966
event records of 178 taxa of benthic and
planktonic Foraminifera, and few miscel-
laneous microfossils; and (C) 12 western
Barents Sea wells using 625 event records
of 122 taxa of agglutinated benthic Fora-
minifera, and dinoflagellates. These three
data sets were analyzed previously by
RASC and CASC. Results for data sets
(A) and (C) were summarized in Kaminski
and Gradstein (2005) and data set (B) was
originally used when RASC and CASC
were first developed (see e.g., Gradstein
and Agterberg, 1982). Gang Liu is working
with us to upgrade the Windows version of
RASC/CASC (to be named RASCW later
in this article) and develop graphic rou-
tines for depth scaling (Liu, Cheng, and
Agterberg, in press).

DESCRIPTION OF DATA AND SUMMARY
OF RASC RESULTS

Different types of stratigraphic events can be
defined for the same fossil taxon. Its first and last
occurrences are most frequently used. Other events
such as first consistent occurrence, peak occurrence,
and last consistent occurrence can be used occa-
sionally. The vast majority of events in our data sets
are last occurrences of which the depths in wells
could be measured precisely, without contamination
of well samples by stratigraphically younger mate-
rial. An example of events as observed in one of the
wells of data set (A) is shown in Table 1. Although
microfossil taxa were observed in nearly all samples
that were taken when a well was drilled, most sam-
ples did not show any observable events for these
taxa; on the other hand, some samples produced
more than one observed event for two or more taxa.

Figure 1, which was obtained by use of RAS-
CW, shows frequency distributions of all events in
each of the three data sets. These cumulative fre-
quency curves are ‘hollow’ because relatively many
events were observed in one or a few wells only, and
few or no events were observed in all wells. An
important input parameter for RASC is k. repre-
senting minimum number of wells in which an event
was observed to occur. The main reason for setting
k. is that RASC computes average positions for
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Table 1. First 28 Fossil Events in order of Ranked Optimum Sequence for WELL # 18 of Data Set (A): Esso (N) 16(1-1); Events are Last
Occurrences Except for a Single Last Common Occurrence (LCO) and Two Log Markers

# Sequence # Depth (m) Event # Event Name

1 1 381 77 Elphidium spp.

2 2 381 228 Cassidulina teretis

3 4 637 1 Neogloboquadrina pachyderma
4 7 381 270 Cibicidoides grossa

5 9 637 4 Globorotalia inflata

6 13 637 23 Sigmoilopsis schlumbergeri

7 14 707 269 Neogloboquadrina atlantica

8 15 726 266 Globorotalia puncticulata

9 17 643 219 Martinotiella cylindrica

10 19 908 285 Caucasina elongata

11 20 822 91 Diatoms/radiolarians LCO

12 21 1036 282 Uvigerina ex.gr. semiornata
13 23 1128 207 NS Log G

14 24 899 125 Neogloboquadrina continuosa
15 25 734 71 Epistomina elegans

16 26 899 15 Globigerina praebulloides

17 28 899 236 G. ex.gr. praescitula zealandica
18 29 908 17 Asterigerina gurichi

19 34 1395 24 Turrilina alsatica

20 36 1219 25 Coarse agglutinated spp.

21 37 1395 97 Cyclammina placenta

22 38 1395 182 Spirosigmoilinella compressa
23 39 1584 262 Karrerulina horrida

24 42 1395 140 Rotaliatina bulimoides

25 43 1554 261 Haplophragmoides walteri

26 46 1554 321 Dorothia seigliei

27 47 1554 289 Adercotryma agterbergi

28 49 1531 206 NS Log F

events along a single scale that applies to the entire
data set. Precision of average positions increases
rapidly when k. is increased. For most RASC runs
on the three data sets, k. was set equal to 6 (A), 7
(B), and 6 (C), respectively.

A drawback of this procedure is that events
occurring in one or fewer than k. wells would be
eliminated from the data set although they can be
stratigraphically important, for example their age in
millions of years may be known precisely and this
would help in determining the age of events in the
vicinity of these rare events. Stratigraphically sig-
nificant rare events that occur in fewer than k. wells
can be reintroduced by declaring them to be ‘‘un-
ique events.” The positions of unique events can be
estimated with reasonable precision by subsequently
fitting them into the ranked and scaled optimum
sequences obtained by RASC.

In addition to unique event selection, RASCW
allows for the selection of “marker horizons.” These
are events that occur in k. or more wells with pre-
cisely known positions in the wells in which they
occur. These, for example, could be ash layers,

seismic events or biostratigraphic events with rela-
tively little associated uncertainty such as planktonic
flooding events. Marker horizons receive more
weight than other events during scaling because
their positions in the wells are assumed to be known
with certainty.

In general, the main RASC output consists of
both a ranked and a scaled optimum sequence. In
the ranking solution the events are simply ordered
according to their average successive occurrence in
geological time. In the scaled optimum sequence,
successive events are separated by ‘interevent”
distances or intervals. These distances are computed
from crossover frequencies of all event pairs, with
higher crossovers resulting in smaller scaling values.
Successive events with zero or small interevent dis-
tance between them belong to the same cluster of
events when scaling results are represented by
means of a dendrogram. Figure 2 shows ranked and
scaled optimum sequence for data set (A). Events
with names preceded by two asterisks in Figure 2
are unique events. For this example, k. was set equal
to 10 and log markers in data set A were selected as
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Figure 1. Cumulative fossil event frequency distributions for data
sets (A), (B), and (C), respectively. Unless stated otherwise,
RASC threshold parameter k. to be used later in this article was
set equal to 6, 7, and 6, for data sets (A), (B), and (C), respec-
tively.
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marker horizons (names preceded by one asterisk in
scaled optimum sequence).

More details on how ranked and scaled opti-
mum sequences are derived and their interpretation
are given in Agterberg and Gradstein (1999). The
following remarks are restricted to aspects relevant
for this article. The first part of Figure 2 shows
number (N) of wells in which an event occurs, and
the event’s standard deviation, which also is dis-
played graphically. Events with small standard
deviations are relatively good markers, whereas
events with large standard deviations are less useful
for correlation between wells.

The standard deviation of an event is computed
from deviations for it from lines of correlation con-
structed for all sections. An example of a line of
correlation is shown in Figure 3. The vertical scale in
this graph is for relative sample position in the well.
In any well, the relative sample positions of events
differ from those in the ranked optimum sequence.
If an event falls on the line of correlation, its devi-
ation is zero and if it nearly falls on the lines of
correlation for all wells in which it occurs, the event
has small standard deviation and is a good marker.
The ‘average’ standard deviation (Well SD in Fig. 2,
first part) is computed from variances of all devia-
tions for the same event in all wells.

The order of events in the scaled optimum se-
quence (Fig. 2, second part) generally differs slightly
from the order in the ranked optimum sequence
because of minor reordering resulting from inter-
event distance estimation. Every interevent distance
plotted in the dendrogram represents the distance
between an event and the event below it. Large in-
terevent distances are associated with breaks in the
fossil record: they may indicate hiatuses at uncon-
formities that can be interpreted in terms of se-
quence stratigraphy. Unique events (marked by two
asterisks) are helpful for identifying the clusters in
which they occur. An optimum sequence can be
regarded as a composite standard zonation for the
study area. Figure 4 for data set (A) after Kaminski
and Gradstein (2005) is an example of a fully
interpreted scaled optimum sequence.

Each of the 87 events in Figure 4 occurs in at
least 7 wells, except for 15 unique events. There are
18 zones and subzones assigned, named NSR 1-13
(North Sea RASC), of early Paleocene through
early Pleistocene. Large breaks (at events 129, 50,
206, 6, 266, and 23) indicate transitions between
natural microfossil sequences, or hiatuses. The zones
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contain 33 agglutinated benthic events (32x Last
Occurrence and 1x Last Common Occurrence) for
32 taxa (Kaminski and Gradstein, 2005, p. 51). The
total stratigraphic range of taxa may extend younger
than the average stratigraphic range, with the result
that the average last occurrences displayed in the
RASC zonation may be slightly older. On average,
event observation in the wells may be closer to the
average stratigraphic position than the last occur-
rence end point of the range chart (see Kaminski
and Gradstein, 2005, fig. 22).

RASC analysis can be followed by CASC
analysis in which relative stratigraphic position of an
event in a well is replaced by its depth (in meters or
feet) in that well. Figure 5 is an example. It shows a
new line of correlation, which is a transformed ver-
sion of the smooth curve in Figure 2. Positions of
events on these new lines of correlation are used in
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CASC well correlation displays. However, in this
article we are not primarily concerned with corre-
lation between wells. Emphasis is on the frequency
distribution of depth differences in wells between
events in these wells ordered according to the opti-
mum sequence.

FREQUENCY DISTRIBUTIONS OF DEPTH
DIFFERENCES

Figure 6 shows histograms of depth differences
between successive events in all sections for each
data set. The ranked optimum sequence was used
and first-order depth differences were measured by
subtracting the depth of an observed event from the
depth of the event below it in a well. Thus the first-
order depth difference is positive when the depth of

Ranked Optimum Sequence

No. & UI
1 77 Elphidium spp.
2 228 Cassidulina teretis
3 270 Cibicidoides grossa
4 1 Neogloboquadrina pachyderma
5 23 Sigmoilopsis schlumbergeri
6 269 Neogloboquadrina atlantica
7 5 **Globorotalia crassaformis
8 301 **Bolboforma metzmacheri
9 91 Diatoms/radiolarians LCO
10 219 Martinotiella cylindrica
11 58 **Neogloboquadrina atlantica (dext)
12 207 NS Log G
13 15 Globigerina praebulloides
14 236 G. ex.gr. praescitula zealandica
15 17 Asterigerina gurichi
16 20 Gyroidina girardana

17 128 **Distatodinium biffii
Coarse agglutinated spp.

19 97 Cyclammina placenta
20 182 Spirosigmoilinella compressa
21 183 Reticulophragmium rotundidorsatum

Turrilina alsatica
Karrerulina horrida

24 140 Rotaliatina bulimoides

25 41 **Wetzelliella symmetrica

26 170 **Reticulophragmium acutidorsatum
27 261 Haplophragmoides walteri

28 321 Dorothia seigliei

29 289 Adercotryma agterbergi

30 206 NS Log F

31 13 **Heteraulacacysta porosa

32 32 Ammosph.pseugopauciloculata
33 29 Reticulophragmium amplectens
34 263 Ammomarginulina aubertae

35 192 **Karrerulina coniformis

36 260 Haplophragmoides kirki

37 291 Reticulophragmoides jarvisi
38 68 Spiroplectammina spectabilis LO
39 264 Karrerulina conversa

40 205 NS Log E

41 99 **Eatonicysta ursulae

42 117 Cenosphaera spp. LCO

43 54 Spiroplectammina navarroana
44 50 Subbotina patagonica

45 22 Fenestrella antiqua

46 136 Cystammina pauciloculata

47 204 NS Log D

48 203 NS Log C

49 310 Saccammina placenta

50 532 Cystammina sveni

51 134 Caudammina excelsa

52 01 78 Trochamminoides coronatus
53 304 **Aregli%era gippingensis

54 -3 0 76 Reticulophragmium pauperum

55 57 Spiroplectammina spectabilis LCO
56 129 Ammoanita ruthvenmurrayi

57 202 NS Log B

58 55 Gavelinella beccariiformis

59 60 Planorotalites compressus

60 61 Subbotina pseudobulloides

61 253 Subbotina triloculinoides

Standard Deviation

N SD
17  0.647 —
19 0.447 =
16 0.58] je——
14 0.574 [—
18 0.842 [e—
13 0.734 me——
13 0.927 ——
12 1.659
11 1.684
15 2.534
14 1.188
19  1.267 ———
11 2.912
28 1.575
24 1.946
21 0.704 ye——
12 1. 835
13 2.089
14 3.188
12 1.146 S
20 2.755
13 1.492
13 1.383 ——
11 2.073
15 2.162
24 1.598 ——
16 1.844
15 1.982
10 4.674
24 1.849
21 2.871
12 1.589 n—
10 1.969
19 2.299
15 1.371 ————
17 1.384
14 2.974
12 0.896 ——
11 0.930 —
13 1.921
13 2.952
12 2.417
11 3.987
20 0.811
22 1.360 ———
12 1.430 ——————
10 0.847 (m——
15 1.129 ———
14 0.778 —
18  1.445
10 0.865 |e—
'Ave' SD

Figure 2. Ranked and scaled optimum sequence for events observed in 10 or more wells for data set (A).



224

Agterberg, Gradstein, and Liu

Dendrogram for Scaled Optimum Sequence
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Figure 2. continued.

Scattergram of Events in Optimum Sequence versus Well
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Figure 3. Ranking scattergram with line of correlation for Well #
18 in data set (A).

the event below an event is greater, and negative
when it is less. Figure 5 can be used to illustrate this
procedure. In general, the cluster of points for

observed depths dips to the right on this graph. This
reflects the fact that, on average, events that are
stratigraphically lower in the optimum sequence
have greater depths. A negative first-order depth
difference arises when the depth of an event is less
than that of its neighbor to the right in Figure 5.

The histograms of Figure 6 are similar in shape.
Each underlying frequency density curve can be
assumed to be symmetrical with respect to the mean
value, which amounts to 45.7, 70.9, and 13.8 m for
data sets (A), (B), and (C), respectively. In com-
parison with a normal (Gaussian) distribution, the
first-order depth difference frequency distribution is
more sharply peaked, and has long thin tails
extending to large positive and negative values. This
also is illustrated in the normal Q-Q plots of Fig-
ure 7. The shapes of the frequency distributions in
Figure 7 are far from straightlines that would cor-
respond to normal distributions.
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Figure 4. Scaling in relative time of the optimum sequence for events observed in 7 or

more wells for data set (A) (after Kaminski and Gradstein, 2005, Fig. 18, p. 50). Eighteen

NSR (North Sea RASC) zones of Paleocene through Plio-Pleistocene age originally were
recognized by Gradstein and Béackstrom (1996).
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Scattergram of Events in Optimum Sequence versus Well
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Figure 5. Depth ranking scattergram with line of correlation for Well # 18 in data set (A).
Relative sample positions shown in Figure 3 have been replaced by depths of samples.

However, when the first-order depth differences
are first corrected for their mean value, each fre-
quency distribution becomes approximately normal
after a square-root transformation of the following
type: a positive depth difference is replaced by its
square root, and a negative depth difference by a
negative number with absolute value equal to the
square root of the absolute value of the negative
depth difference (see Fig. 8). Except for an upward
bulge in the middle, and minor fluctuations in the
tails, the square root and average transformed
depths for each data set now show straightline pat-
terns corresponding to normal (Gaussian) distribu-
tions.

Figure 9 is an estimate of the shape of the
probability density curve of the central bulge for
data set (A). It was derived from the differences
between observed values and values on a base line
constructed by extrapolating the straightline shown
in Figure 8A into the central part underlying the
upward bulge.

In general, in a data set with depths of samples
taken at a regular discrete sampling interval, a
number of events are observed to be coeval. Be-
cause the sampling interval is discrete and not con-
tinuous, it is likely that events that took place at
nearly the same time, and occupy only slightly dif-
ferent points along the axis of time, would be ob-
served to be coeval. Each frequency distribution of
Figure 8 shows a vertical straightline segment on the

left side of its central upward bulge. The abscissa of
this vertical straightline segment is the square root
transformed and average-corrected value of zero
depth difference for all pairs of successive events
observed to be coeval.

The straightlines shown in Figure 8 pass
through the origin and were fitted by ordinary least
squares using all observed depth differences except
those situated on the central upward bulge. The
slopes of the straightlines for data sets (A), (B), and
(C) are 0.0902, 0.0746, and 0.0968, respectively.
These estimates are remarkably close to one an-
other, although the three study areas are far apart
geographically. This indicates that the frequency
distribution of depth differences for Cenozoic mi-
crofossils (mostly last occurrences of Foraminifera)
has a distinct shape that is approximately the same
for the three study areas. It implies not only com-
parable average stratigraphic order of events, but
also comparable average sedimentation rates in the
three Cenozoic basins selected for study.

In order to illustrate the plausibility of the
preceding explanation that the central upward bulge
is the result of sampling at a regular interval, the
following two computer simulation experiments
were performed: 1000 random normal numbers were
generated with zero mean and standard deviation
equal to 11.1 representing the standard deviation for
square root transformed and average-corrected first-
order depth differences in data set (A). As expected,
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Figure 6. Histograms for first-order depth differences for data sets (A), (B), and

(C), respectively.
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Normal Q-Q Plot of Depth Differences; Order=1
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Figure 7. Normal Q-Q plots of first-order depth differences for data sets (A),
(B), and (C). Because normal (Gaussian) distributions would plot as straightlines,
non-normality is clearly demonstrated.



Cenozoic Biostratigraphic Events

A

Normal Quantile

Normal Quantile

Normal Quantile

Figure 8. Normal Q-Q plots of first-order square root transformed depth dif-
ferences for data sets (A), (B), and (C). Approximate normality is demonstrated
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except for anomalous upward bulge in center of each plot.
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Figure 9. Frequency density plot of anomalous upward bulge in center of Figure 8A.

the two frequency distributions of these 1000 num-
bers plot approximately as straightlines on a normal
Q-Q plot. First, all values for square root trans-
formed depth differences between —7 and 0 were
replaced by zeros. Normal quantile values corre-
sponding to —7 and 0 are —0.64 and 0, respectively.
The resulting Q-Q plot is shown in Figure 9A.

The underlying assumption for this first exper-
iment is that, because of discrete sampling, depth
differences between all events less than about 50 m
apart were artificially replaced by zeros. Although
Figure 10A shows a central upward bulge, the shape
of this bulge is triangular and does not resemble the
shapes seen in Figure 8. Clearly, the effect of dis-
crete sampling is not spike-like but more grada-
tional.

A more realistic picture is shown in Figure 10B
for the second experiment where the base of the
anomaly was assumed to extend from —7 to 3 and
the range of normal quantiles from —0.64 to —0.2
(instead of from —0.64 to 0 in Fig. 9A). The stan-
dard deviation for this interval was assumed to be
equal to that of the original set of random numbers
(=11.1). Although the shape of the bulge in Fig-
ure 10B resembles those in Figure 6, and is more
realistic than that in Figure 10A, the real situation is
more complex, partly because individual biostrati-
graphic events have different standard deviations
(cf. Fig. 2A).

Histograms and Q-Q plots also can be obtained
for depth differences of orders greater than 1.

Figure 11 (for data set A only) shows Q-Q plots of
square root and average-transformed depth differ-
ences for pairs of events that are between 2 and 5
positions apart in the optimum sequence. The
average value of k-th order depth differences is k
x m where m represents the average value of first-
order depth differences. The point patterns in Fig-
ure 11 are not as close to straightline patterns as the
patterns in Figure 8A. Divergence from linearity
increases with order of depth differences.

Widths of discrete sampling anomalies in Fig-
ure 11 are controlled by k x m instead of m where k
represents order. Superpositional relations derived
from higher order depth differences are used in so-
called indirect inter-event distance estimation in
RASC scaling (Agterberg and Gradstein, 1999). It is
likely that departures from normality of square root
transformed depth differences are at least partly the
result of differences in rates of sedimentation that
affect higher order depth differences more strongly
than first-order depth differences.

DISCUSSION

Suppose that X is the random variable repre-
senting first-order depth difference corrected for its
mean value. Because for the three data sets used in
this article, X * satisfies a normal (Gaussian) dis-
tribution with mean p (=0) and variance o2, it fol-
lows that the frequency density function of X is:
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Figure 10. Normal Q-Q plots of 1000 random normal numbers in two computer simu-
lation experiments with central anomaly resulting from discrete sampling. A, Spike-like
anomaly of coeval events; B, Smoothed anomaly (see text for further explanation).

L
=———>=¢€ 1
2B .
where B = 207 This is the equation of a double or
bilateral gamma distribution. Figure 12 shows fre-
quency density curves satisfying [Eq. (1)] for the
three data sets. These continuous curves with loga-
rithmic probability scale in the vertical direction
correspond to the histograms of Figure 6. Gaussian
density plots would plot as parabolas on this type of
graph.

Because of the exceedingly long thin tails for
both positive and negative values of X, it is difficult

Px(x)

to use observed depth differences for scaling and
correlation. For example, in a sample of 10 wells
a single pair of events with depth difference of
1000 m (or —1000 m) between them could change
the arithmetic average by nearly 100 m because
most other pairs of events would probably have
depth differences close to the relatively small mean
value coinciding with the relatively sharp peak of
the depth difference frequency density curve (cf.
Fig. 6).

Although the nature of the frequency distribu-
tion of depth differences was not known well before
the recent development of RASCW, the fact that
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Figure 11. Normal Q-Q plots of second to fifth-order square root transformed depth differences for data set (A).
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observed depths as such cannot be used for scaling
was already recognized in the past in two ways: (1)
ranking and scaling in RASC are based on super-
positional relationships only, representing a reduc-
tion of observed depth differences to trinomial form;
and (2) the fitting of lines of correlation (cf. Fig. 3)
and subsequent variance analysis make use of rela-
tive positions of events in wells only. Along the so-
called event scale (see vertical scale in Fig. 3), a unit
of distance can either represent a relatively short or
a relatively long interval between successive samples
with observed events.

Further research and development will be per-
formed to see whether (1) the square-root transfor-
mation of average-corrected depth differences can
lead to improved scaling in RASC, and (2) the new
approach can result in improved error bar estima-
tion in CASC.

ACKNOWLEDGMENT

Thanks to Eric Grunsky, Geological Survey of
Canada, for helpful suggestions.

REFERENCES

Agterberg, F. P., 1990, Automated stratigraphic correlation:
Elsevier, Amsterdam, 424 p.

Agterberg, F. P., and Gradstein, F. M., 1988, Recent develop-
ments in quantitative stratigraphy: Earth Sci. Rev., v. 25, no.
1, p. 1-73.

Agterberg, F. P., and Gradstein, F. M., 1997, Measuring the rel-
ative importance of fossil events in quantitative stratigraphy,
in Pawlowsky-Glahn, ed., Proc. IAMG’97, CIMNE, Barce-
lona, Part 1, p. 349-354.

Agterberg, F. P., and Gradstein, F. M., 1999, The RASC method
for ranking and scaling of biostratigraphic events: Earth Sci.
Rev., v. 46, no. 1, p. 1-25.

Agterberg, F. P., Gradstein, F. M., and Cheng, Q., 1998, Strati-
graphic correlation on the basis of fossil events, in Buccianti,
A. and others, eds., Proc. 4th Ann. Conf. Intern. Assoc. Math.
Geology, Ischia, p. 743-748.

Agterberg, F. P., Gradstein, F. M., and Cheng, Q., 2001, RASC
and CASC: Biostratigraphic zonation and correlation soft-
ware, version 18: F. Agterberg, 490 Hillcrest Ave, Ottawa,
K2A2M?7, Canada.

Agterberg, F. P., and Nel, L. D., 1982, Algorithms for the ranking
of stratigraphic events: Comput. Geosci., v. 8, no. 1, p. 69-90.

Agterberg, F. P., and Nel, L. D., 1982, Algorithms for the scaling
of stratigraphic events: Comput. Geosci., v. 8, no. 2, p. 163—
189.

Agterberg, F. P., Nel, L. D., Lew, S. N., Heller, M., Gradstein, W.
S., D’lorio, M. A., Gillis, D., and Huang, Z., 1989, Program

233

RASC (Ranking and Scaling) version 12, Communic.
Quantitative Stratigraphy: Bedford Institute Oceanography,
Dartmouth, N.S., Canada.

Agterberg, F. P., Oliver, J., Lew, S. N., Gradstein, F. M., and
Williamson, M. A., 1985, CASC FORTRAN 1V interactive
computer program for correlation and scaling in time of
biostratigraphic events: Geol. Survey Canada, Open-File
Rept. 1179.

D’lorio, M. A., and Agterberg, F. P., 1989, Marker event identi-
fication technique and correlation of Cenozoic biozones on
the Labrador Shelf and Grand Banks: Can. Petroleum Geol.
Bull., v. 37, p. 346-357.

Gradstein, F. M., and Agterberg, F. P., 1982, Models of Cenozoic
foraminiferal stratigraphy — northwestern Atlantic margin, in
Cubitt, J. M., and Reyment, R. A., eds., Quantitative Strati-
graphic Correlation: JohnWiley & Sons, New York, p. 119—
173.

Gradstein, F. M., and Agterberg, F. P., 1998, Uncertainty in
stratigraphic correlation, in Gradstein, F. M., and others, eds.,
Sequence Stratigraphy — Concepts and Applications: Else-
vier, Amsterdam, p. 9-29.

Gradstein, F. M., Agterberg, F. P., Brower, J. C., and Schwarz-
acher, W., 1985, Quantitative stratigraphy: Reidel, Dordrecht
and UNESCO, Paris, 598 p.

Gradstein, F. M., and Bickstrom, S. A., 1996, Cainozoic biostra-
tigraphy and palaeobathymetry, northern North Sea and
Haltenbanken: Norsk. Geologisk. Tidsskrift., v. 76, p. 3-32.

Gradstein, F. M., Huang, Z., Merrett, D., and Ogg, J. G., 1992,
Probabilistic zonation of Early Cretaceous microfossil se-
quences, Atlantic and Indian Oceans, with special reference
top ODP Leg 123, in Proc. Ocean Drilling Project, Scientific
Results, Leg 123, p. 759-777.

Gradstein, F. M., Kaminski, M. A., Berggren, W. A., Kristiansen,
I. L., and D’Iorio, M. A., 1994, Cainozoic Biostratigraphy of
the North Sea and Labrador Shelf: Micropalology, v. 40, no.
Supplement, p. 1-152.

Hay, W. W., 1972, Probabilistic stratigraphy: Eclogae Geol. Helv.,
v. 65, p. 255-266.

Kaminski, M. A., and Gradstein, F. M., 2005, Atlas of paleogene
cosmopolitan deep-water agglutinated Foraminifera, Grzy-
bowski Foundation Spec: Drukarnia Narodowa, Krakow,
Publ. no. 10, 548 p.

Liu, G., Cheng, Q., and Agterberg, F. P., in press, Design and
application of graphic module for RASC/CASC quantitative
stratigraphic software: Proc. IAMG-2007, Ann. 1 Conf. In-
tern. Assoc. Math. Geol. (Beijing).

Pawlowsky-Glahn, V., and Egozcue, J. J., 2001, Scaling strati-
graphic events using extreme occurrences: Intern. Statistical
Inst. Bull., Book 2, p. 473-476.

Schioeler, P., and Wilson, G. J., 1993, Maastrichtian dinoflagel-
lates zonation in the Dan Field, Danish North Sea: Rev.
Palaeobot. Palynol., v. 78, p. 321-351.

Van Buggenum, J. M., 1991, The range chart method: an approach
toward the creation of range chart for biostratigraphic events:
Géologie Africaine, Coll. Géol. Libreville, Recueil des
Communic. 6-8 May 1991, p. 181-187.

Whang, P., and Zhou, D., 1997, The application of RASC/CASC
methods to quantitative biostratigraphic correlation of Neo-
gene in northern South China Sea, in Naiwen, W., and Re-
mane, J., eds., Proc. 30th Intern. Geol. Congr.: v. 1. Beijing,
China, VSP, Zeist.

Williamson, M. A., 1987, Quantitative biozonation of the Late
Jurassic and Early Cretaceous of the East Newfoundland
Basin: Micropalology, v. 33, no. 1, p. 37-65.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


